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Abstract: Systens and nethod for high throughput fabrication and analy S
of an arVW28#3Hoated materials. The nethods include sePELUSHEIAYS?
delivering at |east one of a plurality of materials (14) to the surface
(16) of a substrate (18) having a plurality of predefined regions (22) to

forma predefine | f e I edi he sel ective
delivery of the %@%%6%8§#%ﬁﬁmmlﬁbﬁm als is

posi tioned for simnultaneous delivery to the substrate. The systens (10)

i nclude a substrate (18) having a surface (16) with a plurality of
predefined regions (22), where a plurality of materials (14) are provided

for coati BQOKGROUDH OAtHHE IMVEBITIONr y nmechani sm (12) associated with the
plurality of materials is positioned to sinultaneously deliver each of the
plurality of materials onto the surface of the substrate. Further, a
controller (2 to [of0) e.del jvery mechani smto

sel ectively S@Flﬁ \S‘ilégtc Oé'éréﬁe festgﬁ%erglﬁ%foamp%d%?n%p@éu& I Gt e ach of
the plur aédréer{gf cddifp RRARS! Bed niedipaRRulfly! REnRHRAL LAl Syhiess FoPfirdef i ned

- coating (30).
parallel deposition of layers of materials onto a substrate to form a coating library.

Coatings are widely used in industry to enhance the functionality and add-on

5 value of bulk materials. There are generally two types of functional coating
materials: inorganic and organic coatings. Inorganic coatings have been used in both

the semiconductor industry, for example in various thin film integrated circuit
devices, as well as in conventional industry, such as thermal barrier coatings for

steam turbines and aircraft engine airfoils. Organic coatings are also widely used in

10 many industrial protective/decorative applications, such as in automobile top clear
coatings, paints, etc. Other types of coatings include, for example, protective 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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22 March 2005 WO 02/24321 PCTIUS01/ 19159 COVBI NATORI Ay GIATH bignsSYSTEMS AND
METHODS BACKGROUND OF THE I NVENTI ON This disclosure relates generally to
nmet hods and apparatus for generating and screening coating libraries, and
‘nore particularly, to nethods and systens for the parallel deposition of

| ayers of materials onto a substrate to forma coating |ibrary. Coatings
are widely used in industry to enhance the functionality and add-on 5

val ue of I e ner.a Lo, Lypes onal
coating anéaatlge %?E] If%i()(?()aél-lgg &Eﬁﬁl@tg A c é?htﬁ sd P%Sfiu%blfh % |ngs have
been usadmnngbﬁhhhmthhﬂa&nlQﬁndmmhgranmuuﬁ$Jymﬂﬂhngemqmphe un1nam4ous t hin
filmi ntegfﬁwlc ircuit . devices, as well fas in con tional i ndutstry such
as t her meP'e FIEFIWo ARG VRBANE SERRHAHEBISELC it a ¢ PEIHEER g'n

ai rfoil sypplegtani & &@B%}'&ﬂ%f@ﬁlﬁtlﬁllaslﬁ’yéf“c@%ﬁgsuﬁl%%lgﬁlyjiﬁlpﬁﬁﬁm fabdist' i al

pr ot ectlve/ decorative applications, such as in autonobile top cl ear

coat i ngsdetermining | thet strugtnielsompppidien opf hat ﬁngls CPﬁ@}&JdéddﬂU@Flalgk

protect 'éﬁ%cﬁ];?é}gorﬂéﬁsitfo%rcff‘?ﬁé fifal %&ﬁlf acte e éﬁ%n “tgorf%ee&%ﬁ Oat' “95’

envi ronnment a I er coatl ngs, c ric co uctive/optic transparent

coat i ngsThusc batavke p’éﬂlesmhlmdehaf damid@s, rmgsst oftthe usdbles mdueml obatiaag advanced
coat i ng f(s)trcrm e\%{io ed te date en a t ueaeCt urt%r tnal-an ergc()arvel oprent
of generly fs) 0 acCel'€Fa eetl? di 358?7% )9 srgélgépé Porf &SI coat i ng
syst ens e¢xpyrifnentalf prevssseshi gher val ue, however, as the search and

optim zation of advanced coatings is nore of an art than a science. The

power search and optim ze advanced coati ngs
islim t%ﬁ%@éﬂ%ﬁ%ﬂgg’g@ﬁ\ﬁtﬂﬁi&gom exity of a typical coating system
and multiplicity of quality 20 requirenments that need to be nmet. Typically,

i ndustrial cOpteréfaref ﬂfefﬁlisaé; hegiisfoh aveappfoacieiedt aotdlérhek ¢hd tiie bi GRRh
requi rements, and nultiple- conpatible functional groups or . blends are

nec essar@*ﬂ%twnéb%%flag%arwe%et@éu apg stydied: fppKariqus manyfactusing applicatiogper ti es of
a  coat i Ty sS%sb&naRR P thd Ples QR |11¥ven99n ?Hﬁl&e@rswgﬁé GRIPASIds A0y hRMt al so on

the processing conditions and the coating application nethod. For exanple,
t he degr@@uéhplzﬁahﬂwum@@sammsﬁafmlWaiaﬂﬂC(BiLﬁdea@i@ml&ughness whi ch depends

on the appli Cﬁécopcﬂngﬁ;[ hed aspeét c?f%h'é’%?e% tzzgvgmon 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
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and processing of a coating, are inportant in the quali

reproduci bility of the <coating. Further, different pré%gg%?ﬁgog%nditions,
i ncl udi ng exposure to ultra- violet(UV/electron curing; varying
tenperature/ pressure, and the sequence of application of each | ayer of
mul tiple | ayer coatings, are highly inportant factors in determning the
structure/ conposition of the final coating. Additionally, the

structure/c 0Si.ti of the final .coating ippacts .t functiopality of the
cont | ng. SO B oot e AR malPRR. b e R Bice Vsobi o

i nduséI ri @itbsma:dnﬂgil c@ﬁgtlmamnﬁbﬁaﬁédélos{eﬂ?mcmm hﬁﬁle@v&lgﬁgﬂimg Y o THE
e R 7 A R NG o = eI
rate at yhhe&lubsfrita®hi £ pRldetRRL daRRe ARrEL AR R8I @dngbNFhRLnfeRf ofvar i ous
manuf acturing applications. Thus, embodinents of the present invention

pr ovi des? kyldmgsvian drreeviog thefsubstraiqiuringtnpetagnp of teayptewatndwheria anal ysi s
of an arigyoflofeakeAaTHEphMify HORAAMRINMOARE uBSRE thalle L'Ead! SNt
invention, théere i's provid a system ‘for naKing an array coat ed

mat er i al medefmoprégigomg: a substrate having a surface wwth a plurality of
‘predefined regions; pluralit f terials.for.coating the substrate; a
delivery nec Hg?-ﬁﬂ qs’r‘l%ggc?é’log‘te&?sgﬁc? fttHe PRFSGPaiIvEDHE, athgf’elrgipip‘él?ie erein the
del i ver ymethB& f@malth i SinResiytdfadetng thaldrialy, tampasssyprdeidinged setnehteof the
plurality of nateria%s on?o_the ;%rface of tﬁg s%%%trafgf,and a controller
that corftaviies sEcq avifh e piirality od presefinedsregiqnscand salsetively deliveringe® of t he

plurali tl)é?s‘%né@lt :ﬁ%lh?ellﬁy éﬂ%&eﬁﬁéfm ﬁfgfsfhrﬁée Sfithe Rlbdtrateitd YornPd pRiEsRI ned

regions of the substrate has a predefined coating, wherein the controller
cont rol scoatingoe rachodf the hbiralityn 9f gesdefined weione i thy suhstratebsharaeachdr i ng

oper at i Q he.syst.em.. and. rein the controller re the plurality
of mat eﬁlﬂ% félr%hrt%f) frrlrlé%ggfé]ﬁs p‘?ﬁlldtle&\%gg " Srl{aulé%neélésciehbf?éﬁgfﬂlg enéélggt?%%i on. According
t o anot her aspeotding td mofhice aepect iofivke thrasont inventéon, Ih@e oy imedded asystem f or
meki ng an ar of .coated materials, conprising: a deliver rea fixedly

posi 1 orfBehog fofimalinad gepR At Coptisy BLATAS CHAVPRGERPETHInRES SRS bl ural i ty

of  predglinges skt QRgh a@l‘tﬁaﬁ@%ﬁfﬁ@dﬁfneﬂh@%%b@%dh%@t fesdutfaenaptiR W thin
the delivery area; a pluralify of materials for coating the substrate; a
del i ver yubgEaa s witia asdediveryeedivihere theelehvery area iy foredlyepasitioard; andherein t he

del i ver v BENANiGSfi diBioPRIEL : 2005, 5i mylt y delivery
el VT RGOkt SAFF St USROS i Fomlsh
- 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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substrate; and a controller that controls the delivery ymghapnhsssto

sel ectively deliver each of the plurality of materials such that each of
t he pl ur‘é’ﬂy"@ﬂ?“:&ﬁ predefined regions of the substrate haSC¥USPEHEH ned
coating, wherein the controller controls novenment of a holding device for
noving the substrate during operation of the system and wherein the
controller I |- f ials that nake up the coating at
each premﬁ$%%}§ﬁgwég$ﬁ9%\gﬁg§ét her aspect of the present
invention, there is provided a nethod for making an array of coati ng.
materials, conprising: providing a substrate having a surface with a
plurality of priéglef innackcheghtindia 08 Q! $felny BrymeiBhj W8l Ay &t codtiggst one
of a plurality of materials to the surface of the substraté to forma
predef i ned®8&4%i ng on each of the plurality of predefined regions of the
substrate, where each of the plurality of materials is positioned for

si mul t aneous dedk VL gﬁél{ ﬁﬁ@ WalePRy e ot her aspect. of the
present inventi é% tshaeércgelltngﬁ%ra% I egfgcoma E(E)bg of ha ﬁ'ﬂﬁﬂgﬁs ﬁiaaf%of
coatifhg ndtieri;al s, conprising: positioning a substrate having a surface
with a plurality of predefined regions such that the surface of the

substrate is w lhis3n. a dq_\ll?i very..ar ea, f\/\here ‘the elivery d:r ea |s, fixedly
posi tioned; an & el*et tT17E cdjéifgr%_rq g ARG Bo¥RPOFe mBTe_ﬁ‘Phb?lF& of

- material s debwgdd foam alettiér,aneManisin 30RebeP@ShE isBffacd 8f hhEbdatd WIM'I{ greato
forma predefined coating of an | east one of the plurality of nmaterials on

each of tﬁ‘éhﬁrﬂﬂéﬁi ty of predefined regions of the substrate. 22 March 2005
WO 02/ 24321 PCT/ US01/ 19159 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a

schemati c di ag 0 t I g@k . akr of coating .materials;
Fig. 2is a scﬁg‘g}t fsc@ﬂgrcg{rﬁ g‘ﬁga cogﬁ%%egaisﬁbb#‘?gdya?fﬁsn%&“ﬁ%&% dsystem
of 5I0Fi g. daliveFy grea Srolrsa Acmedlivaised setivpeTdm dlivary mestehiere of a vaporized
material being delivered froma delivery nechani smsource to the surface
of a substrate_within a deljvery area; Fig, 4 is a graph of a thickness
profile distri btk SdSatBEP @%MF%PFOQG glsmt%ﬂqu%r%/d@@ﬁmﬂr@m a
normal , f geliseedla®e FrolParPingldie fHbBLd Rt ¥ vty el Banistn | .graph of a
t hi ckness profile distri bug}tle(’j acr oss f%ﬁgﬁﬁ%ﬁgﬁbgau%%%%%fy area from
an angl ed, focused setup of the delivery nechanismsource; Fig. 6 is a
graph of a thi Eignéss dpewsphlaf aithickniessuprofileadiswibated atiross res dinrension aof a

delivery 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;




delivery area froma normal, off-focus set up of the debhiwgil 2a8¢hani sm
source; 15 Fig. 7 is a graph of a thickness profile distributed across a
di mensi oWOR28321de| j very area from an angl ed, off focus SETUFPUENSY he
delivery mechani smsource; Fig. 8 is a side view of one enbodi nent of a
conbi natori al coating system having two opposing delivery sources; Fig. 9

Is a top view of, a.caating l.br formed fromthe systemof Fig. 8, 20
Fig. 10 is a p(e)i’@péﬁtlﬁ\?em%ivao?afj%H@S%rb@wlign%ﬁlur@htyépftwtﬁmsyatm bat ori al

coating syﬁtu%uhfﬂﬁ.sygtgmio?];@g_tlgp view of a coating library fornmed fromthe
systemof Fig. 10; Fig. 12 1S a schematic di agram of anot her enbodi nent of

a conbinatorial  coating system -3 22 March 2005 WO 02/ 24321
PCT/ USOL/ 19159 Figgl4 i3 fop vdew of a wostingolibrarynfesued asing theampdkus it §3 of

patterns, . uthlized in the systemof Fig. 12; Fig. 14 is a top
view of a @g% mggfﬂﬁt’jg?ya{“ﬁorrred using the mask of Fig. 13 in the system
of Fig. 12; and 5 Fig. 15 is a side view show ng the cross-section of one

enbodsnent of aFigalfois a sidepriew shewing theXirbes-@ciion oEQRdnbAsMSH O \%JIAl LED
DESCRI PTI OF,.THE I NVENTI ON Referring to Figs. 1 and 2, a system 10 for
maki ng an GPPYOREORYERIOH! COFBEINSEI® that forma coating library includes
a delivery nechanism 12 delivering one 10 or a conbination of a plurality
of materials 14 to a surface 16 of a substrate 18 to forma coating 20.

The substrate ETANGER OERRIPTIONICH TiE INVENF@RE i ned regions 22 that are
positioned within a delivery area 24, which Is preferably at a fixed

| ocation wthin the system 10. The delivery nmechanism 12 and/or the
plurality of ndteferiagsto1Rigs.al eandoi 2 isystent 10 for makirgnenustay cboatimy, or

e 04, KRR Ut orROESolng WARCP ithited b oMok PRkt T3 Salteringdagionce of

del i very ok acsuibindtidnhef $ plutality bf ntfteriild &4 it@laSsudfos U6 *&fta%%st}dlﬁ 18QBPOSi tion
of the coati ng 20. may vary hetween each of the regions 22 on the substrate

surface 16°% 8 Ping #)-c okt suigirateispefse WBhasss plaradity of prsdefiedt togionk @2al i ty of
2;:3?;526%# %%hgﬁ%ﬁlﬁr%givﬁﬂi}ﬁ %fa&e%rg% é flgangi'dewﬁ)l%h % Brle%'errﬁ)lﬂf LY 2 kel rlgga%i]:)inmd
_ within the system 10. The delivery mechanism 12 and/or the plurality of materials 14
are positioned to simultaneously deliver, or deliver in parallel, each of the plurality of
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




20 coatings 30 include: a single |ayer coating of one %leﬁgrﬁhlébiﬁa' ity of
materials 14: a single |ayer coating of a conbination of the urality of
materi al YO %24t i ple | ayer coating, where each |ayer i §CW§0ﬁ¥91§9he
plurality of materials; and a nultiple layer coating, where each |ayer is
a conbination of the plurality of materials. Additionally, the system 10
may i ncl ude mask 32 in comuni cation with the controller 26 to 25 permt
Y del i ver y2i5tyticRk topts o thie scoripdt subsirbiecr soatingnlibraay i28nsoodeternsnglthy al ity

| f defj : j ’ | ' f def.j ned ti 30. Th
Syst om 10 POEHEPOL SiLh Euk G ol el Cofing8 WO SR B0 8 it oy of
mat eri al s seéuredibyteemoasting Beycead3; WIEEH gptisally @680mbPabl) Posibs thedhgsl 8 Of

once they haye ited on the substrate.” Further, the system 10 may

ﬁeen depos ]
i ncl ude a YHRGSHER E@ Senilaslyp ther wbsirate | Humay hezaomed by atmiding 206G

PCT/ US01/ 197 S NGt esdva kage or cogli l'ibrary
28, to determ ne tr%hh%‘fl}gggrt | egﬁg%ogg%gﬁﬁ)%%?’ﬁ%g%ﬁ%‘% etSVStS'PQ@r eﬁ’g‘F’i ned
coatings 3be prisentringéntidoa prewiddsea systarn nad nivthod P uRiniifBHRERIYI 288 1ERingWhi Ch
optionally vably .position the nask w thin the system 10. Simlarly,
the subst rcggﬁxaggm hiuRe HyPoarings| efanyshed\irus a plwralinpg maggsialsonal | y
may m)}/ab|si/mﬁ@éiiebﬂzﬁjﬁfdoﬁ@ecﬁHpﬁicﬁﬁd‘in#afan?lﬂ‘oﬁQ@u feem 10. Thus, the present
i nvention provides a system and nmethod for manutacturing and testing a

coating library _having an array of coatings established froma plurality of
materials si miNcARAYEE eehsaisard?2 iocotfigned siichrihpiacazh| ol the piuralityudsst r at e.

U or | e N8 ey Be kit LY M %8 P Sotb i sh Ramiiel & e Rl 1ol

to the delareact4frameavadidiyf ofanyies.vAkisaity t&fdeﬁﬂé‘g%echéﬁsﬁu&hs biifodal drVery
ed or . focused so that at |east a BOI’tIOI’l of the

mechani sm;12 i sition S
del i ver ed f?ﬁﬂsﬁ(f ngﬁlﬂf é&&%%tsa poréion of jthe fglivgradamatprial reachies thé delissedrean nor e

detail bebawgi j | Wele]l device,. ar it may
be a pl urai T_tsygg?c?%gdll ﬁé&l egﬁgc@g] ﬁ%@%‘é&f@ﬁ@%ﬁqﬂzw@% %)‘F&Fhe 15

pl ural i ty deviceser drinay be 4 plurdlitg of dsdividaal d@fric&cﬂéal&h%rréd%@n@iﬁ tObndBf Medel i very
mechfasni sne 1%1.i s prefer bl%ﬁ fixed within the system 10 re ative_to t he

del i Very Riality of" ngte At v BeoPesidom, Ofesackidfi ther gnerenshmares delivery

Pref er abl wechfifisrhe 2 V& ' : rQLEGH h lural ity of
materials 14 to the deﬁ%%?ﬂf gg&ggwé |tr?%as9%/tg%o$)l gegagﬂeg{y t%e[ gﬂﬁ’f@ﬁlar%rm

Sui t abl e é%angpralaivefto theduthéndeliyenyenévhanisms, 1 PreFarsblyde dalivey aecRMin@zzl e or

?Egs gf anys, 53¥09§cts éa%ﬁ%f ?ﬁe Igilmta i%isgip rlngt’erigfs r1,4 t;[) rt}ﬁerﬁilvéryaa!réa! Sj isn 59 ggpsdriztsaéj ch as

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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using hydraulic force; mcrowave or radio frequency ("R5'Nfdgboyery
mechani sns; an 1ink jet print head; a vapor deposition 3eV|ce, I ncl udi ng
sput t er i W& 022¢R&r nal / el ectron/ | aser evaporation, cheni caPCVAR8Y1%&positi on
(CVD), nol ecular beam epitaxy, plasma spray; and i on beam deposition. 25
The plurality of materials 14 include inorganic materials and organic

material s ,JdN,Var tat.e sygh. as. solid, 1jquid, gaseous and

vapori zed/ %I%d(;‘r#gle%ﬂ g@? %r n&l aji_ke. gf?ff"?%lye ﬂé@(&ﬁfﬂh@é ob prgenisy yaisriels-incdodd i ngs

i ncl ude meoghisic palyneyti, maRkHaR] Sfch a8 Stectuflirt fﬂafé‘?@ls Mea%gﬁggs. , S:Ji tabl e
ol'l S

exanpl es of organic coatings iInclude polyneric, gormerrc
nol ecul es, BH§FE RERE  RERtediee 9T adecaratitiey i funionalityp nespecibiipt indfidiRact t o

f ' ‘ e Lals i , t .hot limted to,
pol ycar bonay Pt FOHERRRAITREIES, | PR e, aiiefiy \afcmermsnical kyds.
pol yu# et hanaigrials Snclud? okddes: h FRa08r, \0R PR{;@&S’»?& [Eﬂﬁy§q;l41%l%}é?olfr& \ighy!

nat e

polynmers and alike. Preferahly, the plurality of organi iIal's™i ncl ude
organi ¢ po‘fayﬂﬁeidd)rr?ﬁ’c“é‘lz? I‘%CBV@H’@W Qrsn camnbimetion tand dirécteditoeosd depesitdronved from

organi ¢ redubktrae. Sw ' ' I rative fupncgtionality,
especi al |y i ncl udi nlg@é{{t%@gg?ﬁﬁt?‘?ﬁ’ﬁg ag%?a?rg %l?ﬁqeﬁﬁn‘gnggoﬁt%\’%er ably,
the pl ur alPe§ngmHfif imonffieient Smomiteof ahe maetisides Welidged {ﬂjrtﬁg%bsd.ag‘g

plurality -k ials l4.preferably can be  vaporized or atom zed,
i ndi vi dua|‘fd;§h%@‘taﬁ @8%*}%?1% {9 FOIRHEURR o sabrialsomay formp esionting bavinga
223

subs1 at e phuhigty eoft 1agery,aRRerk 28614 ' ! Sl |.esces and .fornms a
conti nuous c%ﬂyti n_g?eirf_ a suffi g?&gﬁ{@ a%l?gtad %’?Itﬁhlg%ﬁr@qaircp g da%9%% Alered to
the subst O¥¢rel ndicaiad by a prédefined Amictibnadrole ofghcllay &) THe dRbAsEal S may

forma coaf,,n ' ral ity of |ayers, where the coating may be a
nul ti-f un?% og%%&%ﬁghﬁﬁ% g”’é‘hlp\{%ﬁg”&il 1aEels.00r gnsltiples dndrganic

pr edef i nedhatariats; ioo madonitihatiodl oea@hnik AKAT; ' . he .conbi ned
such t hat r&al Li &e organj ¢ mat e?l:gal_ls, Orm?% tf)pr?ée%lafr?glr%gr%g@oya SRS ol s, or
a combi nat\PBHIoB#, thyapo¥iding these Verious ccombinationb iof anatérdls) the GRBtachish

Addi fisi onahgd, ; Wl . | O ombi natons of materials, the -
i nteraction Gof?é gﬁgﬁﬁgﬁﬁ?ﬁ“ﬁpﬁﬁﬁﬁﬁ‘%ﬂwfﬂﬂgﬂ? %‘S‘F’dﬁh’ﬁa?qeﬁﬂ%w@f material s may
be determ ned. The coating 20 is a material or a conbination of naterials

deposited on tHee ceatingt2laisen Adterihese combiiatioh Sf Weﬁ?{?%fgasﬁéd DRy ate

IR 41 Sy S 1 P AN LU A
conposi t emay réuchligBfhot, AR bif BE AHRRVKE combBRe $3FH1NY 29, hotogeneous
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.




20. include a single layer or nmultiple layers. In generQ?IMa&H?bbﬁg 20 has a
| ateral neasure, 1i.e. a neasured |length across the surtfac the

subst r atWO W3¢R1greater than a thickness, i.e. a neasur BCBHUSEHEI¥oat i ng
normal to the surface of the substrate. Preferably, each layer is a thin
filmlayer. The coating 20 may vary in conposition, optionally in a

conti nuous mangér &‘thﬁm liilr}e_ pr%defi ned region 22 to another to 25 thereby
forman array achoft & gRrelify of peadefired; 1egiogs 2 ds & tfixed rqarcxdthe isulestratzoat i ngs

30 of theigLpatéidBitd Fae ' of .coati.n are,

di sti ngui shabl e f ror% g%%?\rya %tﬁ%%?f&t?glsoggh%ﬂﬁ{a%@f @WS%’HP@?#@&%H p&nglecach of
the array @fmubipla layer coafinge Fachwéshe gredefitkel rdghis B Rag Hage tahf’ @Ea:;,%nd

anal yzed ts%ﬂ?cﬁ%rﬁrﬁi ne their ﬁrfo mance rel ative to_ functional or useful
properties, and t Oénre(%%%@g zing: kheyropating slepesitsdnihsceopheiich B0
relatsve utithigwlar, 1thedr] dYBidd) 4 SIS Each, of the
plurality of pgrm(;def I ned rega?%nezg:gg‘r’y\sg@%ﬁﬁkggﬁ%ﬁggg%én%% (%gﬁgcstra]gﬁce 18 for
recei vi ng Repetied segiomB2 inivally el anrmrempinuthel ratge of aboat €[01ahim? 3¢ absuif or m a

single or i Qatin Each of, th redefined regions 22 may

havg any slt?gg"é{ E @J SEI%IWZIE\F‘%F%&@#%@@P& ﬂﬁm}iﬁﬂ aS?TQI W{a@ﬂ@ ore peeferatly

deposi t ed it tiermnge ofatoint 20 nint BUHBNBY A’ |dtﬂcﬁaarr%as%§#’# ﬁtili&id,:]&%ﬁ%’ Ccal |
e ypical ly

elliptical, ¢ i.nations thereof, etc. Each predefi regio
has an ar &% %%Pﬁ dofegiondtmay ba detemmined by et capabilityc oPdeppkieiber abl y i n

t he fmnge pP. ..and nore.preferably in the range
of about fg&?ﬁﬁfgﬁ%Eg?&%ﬁ%%tahgg?%&e%(ﬁ%@EQg the @t‘r&ﬁl{?’iﬂized, and the

area of each predefined region 22 nay be determ ned by the capability of
deposi tion 10 Tangubstrate/ 18 dah ritéd oe eemprigidhyiawrisr in;ﬁbfe_eﬂ)r%d?:ﬁjiﬁ%/ aRd the

ti | T bstrate 18..i id - d t
Ui table POPORliEAtIFah oan et B mypei ofquaietale At Thacubtrattnts piantdbasty of
mat o1 | al s odd suCEhRGSNP LS gkl G610R iRl B0 pr B, S OMARLL ALY B! Surface

16 that ipcludes the plurality of pre
subst ant i aPsysubstantially flat surfaesydoweyermayayh hves Falberie fortions it@rlglggigalﬁj‘nysi cally
' The sub

T8 noy o BpFRE G ot 08 pRuig of pledBlind e 481 yitieswbrivato db shaysbmpb. pl at e
It surface 1o of Lo subrrany iof d B ARl &g or FRBSHETRER, 2 e
24, typi c%ﬂcﬁyash’é’saéﬁp%loééoﬂ-n Thee substagtiallyf flabemtfade 16 the sabate 1812,
pref erabl dorteipéddtng e RivaY W 28 ifiearhy*hed %2 trea In the e of about I
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-




20 nore preferably in the range of about 1 cnR to abouty50Q.HM0s5 The
substrate 18 nmay be secured within the system 10 and positioned In the

del i verywé’r@é?‘”fé by the hol di ng device 37. The hol di ng d&¢TFABIEPIAy
novably position the substrate 18. For exanple, for a substrate 18 in the
formof an elongated tape, the holding device 37 may include a tape

pay-out deyl takes; up.25 device that are both rotatabl e and

t hat suppﬁgﬂfgﬁﬁgﬂﬁ%%ghg%g’gsﬁ%lpg}“&ﬁyc nﬂeﬂﬁﬁﬁ‘%rwqqﬁ 2% or¢ opbidei af thee

del i very addbiogihred 4 anDhbRor YO RDI ceitdend W bR rifavheeridl 1oy be a plate
e

on which the substrate is placed and secured, where t plrate i s connected

to a notor or ﬂ{;hfr' actuator-type device that controls the position of the
plate relative UyeTyREEe 94 isAtbares aba fixed pesition within thesystahllor T may

control thgy t i ng device .37 .tq cqontrol the predefined
regi ons Z%Jmeiv\fﬁ?gﬁ t %m%g?%%%pﬁ%ra%e aﬂ‘éﬁm}@?ﬁ@d%uf:gpt BREERPATEY,

t he. cdnt r cubsgsantially reeyrespmnds ihehape laddl Bige d6 he Sludits bf Préd@ﬁﬁeq fe;icﬁg JhBr ch
' the plurality of

2005 WO O 321 .PCTI.USQ1!l 19159 predeterm ned ones o
predef i neczi{nr%gﬁflg@ggf 81%? %‘gﬁ%"rt%lgé-oﬁof"ﬁ%efa the|nlwrality of peedefinediregians82ef or e do

area ot a fixod pos T pe aph i dPhe vy i BRIl Podreang: mmy be

area at a fixed position within the system

of any sh&béresieliyprearem@dt prayideak kpowh)tonsiant loesle Soetht ksystem 3036 AskaRt i al |y
correspon | nd..si.ze th I |ty .of predefined regions 22 on
t he surfa?ge@gragﬂﬁgﬁ%%gﬁﬁlgtl%%%&fépgﬁ&/md}e fybstraiedBal i ty of predefined
regions 22 nmay be nmuch |arger or nmuch smaller than the delivery area 24.
The 10 xed posi ThecomgolledR6tiNg coBbiteLENstedt Bidd i Vi a const ant
| ocal e for the sg%tem 10, to del iger_ 3%éhe pl Jrgfrﬁ{u%’ gg&ﬁ%t%@%fﬁgand t he
surface 18 PEICePRE Y IBENYAgesending, 10orimgandgoeasbing sighblsiand daaope@te, Syst em
havi ng i néhiter, &R r d ..a progessor far receiving, sending,
storing and p?%cess#tﬁgds%éﬁfgg an‘g{bggltbécg%mgp@?a?&’gam itg%PYStﬁ’@c]@Fd and

ot her wi seThenwnirolied 2% twohideola chbaporerBkiean Halinghen sylgetr%g% 3 35% rT Ff o

controller, 26 .incl a conput er system having an inter

i ntegrati H’éegﬂtfngcﬁlp%ﬁge fo’@‘gﬁéﬁt@ thstsystem anda mptiemebnérottet foonommiling! | er f or
contmsol || thg méventdnes HP¥R 2.-and substrate 18. The
controller 26 r?ay i ncl quﬁgﬁé%;%%g{%ﬂ?%ﬁg?ngﬁ? P?Wbothtsﬁtz 3G 100 ds, a

vi deo di sktvhgamio foriigpittiyg ndpta | anflocombrieads, andi(ﬁopﬂisﬁtazr f&ordisguy?ﬁgr ng
infornatiﬁ?orm Pg contraol.l er .26 na}é i.n¢l ude software, hardware, “f1Irmiare,
and ot her ST m T ar %@rﬁ@?ﬂgﬁ‘?{ ot pripting eformatjon. o 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
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operating the system 10. The controller 26 may be a singhg,dgvhee, or it
may be a 20- plurality of devices working in concert. e contro ler 26 is
pr ef er abVQ ®R*+32 ormuni cation with all of the other conpoﬁ@’ﬁ’t‘@“’é?”@he system
10, including the delivery nechani sm_ 2, the plurality of materials 14,
the substrate 18, the mask 32, the curing source 34, the testing devi ce

t he m)% gg d(gvi ce 3f5 :&d t he hol dj ng device 37, to coordinate the
oper ations and; puringof the delivespehmateriafie thedigsting ofcthe paatingritratys andie
del i very ofhetaR8lySBbEIHeaLs rdsQd,ne substrate, recording the exact combination
of materials that nmake up the coating at each predefined region. By
controlling the delivery, the controller may control one or nore of the
materi al vol uneThe ﬁ@Ské’@mglmalatemml dlﬁvmgtcmlelcal moret petepisopRopany regOuRt , t he

coating s p a t he, deI i very
nechani smpgl(ra\g(etdh assug'gl{ﬂ%%bé Ope[nh@e glﬂ“hg&wf% ‘é‘t@gp ?lftﬂé;} malerialy ihta of | er
26 costrol the sﬁb!smthr aethe bidfed BRas Blagk Elﬁcdﬁlﬁ gg;% gy 399{:

02/ 24321 PCT/ USQ1/ 19159 delivery and curing of Ivere eri‘al s, the

testing ofSHER® d A%k P By &Flyzedadeefiﬁ‘rethar&@m}‘émamﬁom o€ rhatarials @sulid s. The
mask 32 is, I hayl I erns o

bl ocked ar edgtslﬁgvﬁgrg ztgh214'{10"512}{8i m% §§|Sg r&e RV Y ﬁﬁ’qﬁ é‘l“fets)ﬁ of

mat er i al s pdrality &paruenmwlhmtareaaeqm&aaydrrhﬁ@dhb @H&leeﬁ{/ $o bjté}ﬁ;i&;

delivery. The aterg %/ ﬁg shape. The mask is util |zedto
define t hef&Fait Fipak 1&%\‘/11 %éﬁ#oaﬂbgd palowhia mgrﬁadﬂtmg The maasyt 328 In a
bi nany maskiyge A rall

patterns tha){1 ﬁ%ﬁ%é‘%ﬁhﬁ%@%ﬁg@ p?'[gﬁlgtpf Ioli)?'l e a?q %prdttgl gllllf atl ng
hal f  ar edd, insluding BQsl:tsInledtla'edtBr omwpwiflahd hecsrst leﬂhﬂﬂe Bistsautel ﬂoﬂ%’ﬂﬁ detail .

The mask s ti gned_anywher.e i n between the pl ral
mat eri al sehfff gﬁlgia %{ I?tlﬁ‘il X?rﬁﬁl%éhﬁépm ??Wﬁ@uﬂlgl!g@&tﬁyandn top of

and in cornhégibsihien 8t
mat eri al s., By |Sr_lcr eas?ﬁéﬁbﬁ?g?a?ﬁ?ﬁﬁ Bﬁ *dg&ﬁvahgh%g{r glw?ﬁfggb ubstrate

18, an ef fib&pme instanges. s dewigy, the patterdod exhieril chlivayd tetherdbsiatadsl € i n

sone 4 nst he tfer,n of erial delivered to the

substjr at eqj?@%?g(ﬂﬁ?(t)%gh% '?II? \(geﬁ%?oft% tni’léﬁpf&‘f lareqr. op thegpagingibetwern thamensk. as t he

spaci ng benmelmwsubbmamn&sws aRdiclipered ﬁérh_l_ ﬁnhqwgyt*}éacﬂgé th%é%hﬁ&da?@t tern to
he 'nask

expand ungrl reaches the substra orned of a
rigid or é‘ﬁmas KgZzomagbe formed of e nigid omgenki-rigid hateral, ohthmmalk rmrmed on the

surface o | f the ures
that the f*"hé‘ﬁﬁf“;‘f*?‘?"‘? Pl SEELELAR S, BT dfmasealion G ook i mo.
Sui t abl e 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 semi-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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20 exanpl es of mask materials include: silicon, siliconm,nidgo8h¢ gl ass for
rigid or relatively non-bendable materials; plastics, netals and all oys
for semWOB2#2%r relatively bendable materials in the POFFSW %N eet s,
films or foils; and lithographic- polyacrylate ("PMVA") and ot her chem cal
materials that formnegative and positive chem cal masks. 25 The nmask 32
may be.secured.within the system 10 and positioned relative to the
del i very af@URHNE ¢RyiGend> maybei s platam e odsr supperting stnichuye dennected3s aray
novabl y poghtd RS o3 : f msk In,the form-of an
el ongat edoég%k%i%% mat er | eEg?/ﬁcﬁ)g{ﬂgmﬁﬁtﬁ?lgﬁﬁ?$°§ﬁg%§f%? e Qmea“rgg]unti ng
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are both rotgt %gll.e CES and tag% supgért tge t ape, possibly in conbination
with rol I ePs% HliZeq Je mesk dufegenti Diedsfined, regiopy 23 nathet pubstraigablby, for a
mask 82 i nmbiendn® f 99 ' 02/ 24321
PCT/ US01/ 19159 érrqgmhiéqlggsé{g/%cgs g@é lﬁ%/?‘lboghgﬁ%l zaétg?%f %y?)t%&ro}%j %g'g)%%qg to I ng
st ruct ur e hemeustiegidevicea35 tootaptrobthe pirévefined tagitne 22 toppewtzbithemateainiscont r ol s
t he positi fy .t latformand nask relative to the delivery area 24.
This all O\Ag%%gelé)‘;aé&dgrn or a nunber of patterns to be utilized to mask
different predefined regions 22 on the substrate 18 by 5 novenent of the
mask 32. As suclhe duhiagcomice Ok lies d3Picany caipnbfiehtid Wit RYGE the &}]ura]% e
nmounti ng devi ce,%Shto control the predefined regions 22 onto I ch”t he
mat eri al s OTfALEH 10 Gpusercatlion ofi p SOkYENS eYApowtion with enectesi coenbiimation
comygi caty ] a ] f. materials. 14 to cause a
reaction (girf Q%h igfgfe\giglﬁ,[ (‘f‘g)\rlg%%ﬁg tg i @h%é\naaﬁ.nhﬁé}lag% 4 Bolymey 'HEQ'P'I ﬁmfﬁf?iﬂi‘nghe
mat er i al s redetion,ex ampll enoledide remtivbn,Om iMygdak: phade |r¥aBBbhZadd 6fher 8imilar
cross-1linki.n reaction fgrralréa |, nol.ecul e reaction, an inorganic phase

I r

react i on, "HHOBY ARRIORaY iveredraatspp{pr Suitabler ovamples ofkiousingd
ool s o ' ° . . an v
ovi ce i nopucs o Bel@leld MER LGS @Vict, B bR BAE Syl ol AT 08T |

comuni caf#dation devicehdn demnumicatiomavith ithd deliverécheateds iof alie ddSosigeri al s,
a m cr owa | ce.. a plasma device and, conbi natjons thereof. The testing
Gevi 5050 MY, S BriafBt 3ied. S A e icRaRd chiRbinonsrhgtRh of t he
plurality of predefined coatings 30 on the substrate 18. The testing device

36 subjects tMacastihg Geviends RG dysREAloY ardflydify IHRDeFBIRakR NP EhdOftiRd N OF der

to determ’PethereIative ) ]
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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performance of each one of the predefined coatings 30. Ef}&?&ﬁ%bﬁg devi ce
36 is in 20 comunication with the controller 26 in orc%er 0 conpile and
anal yze WRM224¥1 data. Suitable exanples of a testing dB¢TUSIBEIFhcl ude a
t hi ckness profiler, a surface analyzer, an ultra violet ("LTV') absorbance
tester, a scratch resistance tester, a perneability tester, and other
simlar deﬂ(#&%rtng-gi %est architectural, protective, decorative and other
functional "Teatures brEvgE O8Rg FRyerags oparrthe entirg delivery grea4. Foscuample3s of

t he del i vethy eatelofed RS ohBI Shch . del g : hani,sm,12 delj.vers one
of "the pl u((r}ital ity lﬁc;lerr;atgroihgll s°1’Z‘9i£§ﬁtag’%%%’§‘l’ri?ﬂzigﬂéié@%‘ieﬁ%ii‘éh&n&%‘é% t hin
an envel op@! the Piedglermined segitns\22afdonpisises 18 hre mhe kd Mesoatal 87 a Rdski 33 OF der

t bt ai ' .t h ti del i . Th 12 i
the poi nt S re o R Aelely of e Metetieh ovarsp reioRanTBmenraopecanpl o

the 36 sowkmaydendlyamyecotieniZ Mabe OMcludi : . desired in
some cases, -10 22 I\/a?gh, 20%15 V\Daggl 22@%&‘%@{6’:@%@3&?‘?’13&%@%%r§§sv%§ﬁ°9fot to

have coat i WG @8vevndyelkntical erd restangplar;desimivoonipalawith Rdiouferosexsadiiohg, the
envel ope, 4@ c rtion of the delivery area 24 when a
portion of ta@p@gj etagg'mggg?ai)ggﬁf@ﬁesenf EE’B? 40 H’éays%@ﬁ?aﬁq‘%bﬂ@eéh@erﬁft to be

coat ed andhe delieicy 3%ea 24 thetshiye ol the Sefab® 15" EURE subilate’ 85 Yinef e‘ii@&ymﬂt eri al
be of any conveni eént shape;

to those regions. .The envel ope 5 40 may

i ncl udi ng:lg%gﬁl?lggllzmﬁﬁ&%‘ﬂ %@o&m@ggf sachrafshesplugalighofpredefined coatiigspt i cal
and ngct arseuihrshapeSfd-ri@dy i A rosss Sections; . and a_thin line
shape. The shaSeaof t he eﬁggf?\gﬁ%i[&n@b&@e@%%@ﬁe%@Plﬁfﬁé)féﬂ%rﬁ%s #  the
del i very dheaumber aftmatstialsd4oieinghdeliverddaioethd Gubitirateh B8, AR kel B t hE

delivery ' 12, the dgsireq conposition of each of the plurality of
pr edef | ne&ﬁ]EECSlﬂ né@hfoé%ropﬁh Ry Oﬁ%’eﬁﬂh@shantreofpa adzzle oni thed

regi ons 22eliveng medhiBém ab, 5PEA GRShARA asg[olaﬁt Eheo&el{%ﬁ@e@h ! Eiséﬁ ogﬁieng

delivered to the substrate 18, and simlar tactors.
envel ope &1 Ofhsy shispeishining straetutpy or Heviedsapmcitedawiip el deliverythasishi Ver y
mechani sm 12, by an air shroud associated with the delivery mechanism or

mechon sm 15 ReREi ROFIE Ll 98 ool hbied SROHA, tho saimenistbes p 41,
0 P SEILE S et Lot o et e T e 5
center | i ngelit@ryatip®d RAVinRh L¥nbBhP 98 ?L&sﬂéaln%uﬁ Begpggdicszu b B%e (S)I];rfécg%f 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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delivery area 24 at the center point 44. Referring to ByGu.4hL2
cross-sectional 20. thickness profile 48 al ong one of '?f%gwatl%rmEQ?ons 50

(such asWOHB2#3leral dinension of Fig. 3) of the delivePGTASRUING of 2
coating delivered fromthe set-up of Fig. 3, with the delivery angle a
substantially perpendicular to the plane 49 of the delivery area,

typically has 2-di mensi onal substantially Gaussian or nornal
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mrror-image tails 54 on each side of the centerline. Further, the source
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24, however, the sodrce is positioned suc f the
mat eri al icgnter peiniciéd. i Tbe horizmital spading disrncabDM a QisHRBE BE eHlsh E 90

degr ges hye t he pl apne 49 of the delivery area. Further, because of
t he %gl eé&hﬁ% bgfp&e[cpsei:&) a}gq %@? ?8 Qe dslivery asep pad |spased eavayt framhibei zont al
spaci ng dinsinandeciBad 5&tam fdifionC o4 : rd,zont.al, spacing

di stance 53 is a di sta?geﬂi nlophgﬂgﬁgﬁggﬂg?fﬁ%n%@q%%%?ég’ §%‘%lﬁaalr88$‘l’lﬂg to the
pl ane 49 6t 6epid delivay eaghnd mpailctatemytidal§Mntdlata0 bi® imdyopysed set

up positign.. .The horizontal. spacing.di stance 53, vertical spacirng distance
60, and dg |e\‘/ie§byp8ﬂ ?%%ﬁe 31?’ ¥ PrfilR efPatvietn the delivery arest 8 alndthimy be

vari ed t oepbsdiinet) the hiékieSKPR%%e BE Ohi Lidbrdd AL Ng: dgl lvery area 24. In
this _enbodjment, the thickness pro |$éed21%’ %Hsﬁé{l%ﬂ%'[ @?&@8{@&%@% N )
d: st¥i Pu&:ng fﬁ fel Sqlossr ﬁwt?q: saveee Iad ﬁﬁelmigﬁ&dr‘tail end mtﬁigxﬁgw?ﬁ%oﬁ?d an
el ongat edy n : i [iin om sour ce. I'n the elongate
tail 58 is taé;(/)plcgél i‘yiéiia"t 'Eh%g‘ﬂ%?ﬁq‘\?ﬁ?é\% {% Ricalbn asgiop where dhe thigdmesse s
subst ant i profile 48 varies lsubstirtially MaedRNwih gl 10 gﬁﬂ& . ghus, in
this case, the thickness profile %g?i s _di S?%F:ag%g\j*\nh | né“?’rqm’g%gr r;gr"r]ilg’i on 50 of
“the 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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delivery area 24, the thickness being | argest toward tﬁéhﬁ%@hgbﬁ he
di mensi on having 20 the inclined tail 56 and reducing in_thickness fromthe
apex 52 ‘FQ\%’Fﬁ”ghe edge of the dinension correspondi ng PeTAURYBIYngat ed
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 of fset H 59 1in e ane of the delivery area 24 along the

di mensi on ‘@8@%@%&{‘%}1‘8&%@@&3&@#}%‘& Pogiion, of theapex; 32 andogradugblerreducing in

cent er | i nall4firctSomtfrem @8 deyiRElneay! € a substantial ly perpendicular to the
pl ane 49 of the delivery area 24, the offset distance 59 is substantially

equi valent to tRh hori zontal spacing of the source 38 fromthe nornal
f ocused set up eg‘??@ﬂgit@)ﬁlg-ﬂ,gl.l_an)anglﬁdsaff-fmtseeﬂl;aﬁl,tﬂﬁ soaidat30hasf meus for a

delivery npghapi V. .nosi tioned wi.thin the delivery area or outside
of the de aw?? focHs ﬁ"??gwﬁ% g & %Téﬂé,lﬁét?smﬁ’geg At therpiiet gistenpe 8948 i s

of fset wi tlong theelimemsiors 50 thé cbiter 6ini 48! WhereOBe 24 02/ 24321
22 March 2005 PCT/ US41/ 19159 t hi cknesg@ﬁt;ei ng | arggegt gttehpﬁezl%%sf ésﬁg?

posi tion OFUYRE angle O begwesiabguh 8 iskteps pedislion §0idegreat kelativeatotthoplné r om t he
centerlin . ' i,0. 7, Ln an apgl ed off-focus set 61, the
source |38ﬁ?1 ég ﬁfe%hg%%: arlln% %f ﬁ)tgﬁ £a565 E’F?ﬁus?j‘é’inﬁ% delivegy engle uﬁgﬁnérqfﬁgo%m

posi t i onegloiat of foeunds, 3ks hetizhan §Iﬁllc_§% 53 ééﬁ iy 9%#%385'%@{%{% r gmgéj] d’{)%u%ga the

center point 44, where the center|ine 4 Ive bet ween
about 0 d8YfIVeBsPeRtisEseRter than thepfsetsdistencet 3vef the poine op Fue to 8 cehtet he

del ijgery géigeys n: this cause of the delivery angle a and

of f-f ocusﬁf;lgg? h?TI(I#S’ *nét@tsscaggﬁet tﬁgs?cﬂ%qs ipf%fﬁf’ é% IS peen; mereshstoped wikhisdhe ce 38
fromthe dlumsibnﬁﬁoﬁﬂmoﬁelidaiyiav&r%tﬂ@ﬁﬂfesbﬁllﬂc!iﬁf}g_es“, than the offset distance
59 of the point of focus to the center 10.point 44. Thus, in this case, the

t hi ckness profi'?l e 43#‘&?1 even nore distorted within the dinmension 50 of the
delivery area 4530 fseups phligs. fi7q thesflatnesseefciie dhickhess geofilept8 of Fi gs.
4-7, the #liRhARSSelRent 482 b5 | i thin.the delivery area 24
will vary depending o i > Welr?ﬁgeﬁés‘%gﬂé@g@ﬁ%&@vﬁé’éﬂ%ﬁ@%‘@ﬁ? 38,
wher e t hesonragt b swhete| the i fiatuesa seillvint feasen ot ainebasedagablhe, PG e Ne 15

CepeR Mt LByBERFES pRTCH Sl v Sy v 3 g+
Spaci g and-orf oerelr S, BBl spdcify S9hT ot il o, Wheredhe srals .
ref er ri ngh¢ gogleandagreater thehhotizvmed spacing laad 43F:6BMiskBce 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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substantially flat in the dinmension 50 of the delivery a@nga..g4oM th the
proper 20 conbination of delivery angle, horizontal spacing and of fset

di st anceWOM2{2k32¢| oser spaci ng, however, the thickness pPET/USR/UESY n t he
di rension 50 of the delivery area 24 may gradually change from a'l argest
t hi ckness at the apex 52 to a snallest thickness at the edges of the

di nmensi Ona‘ﬁ' the delivery area. Preferably, a coating library having a
subst ant i HARYeYER Eteaeth delivees siechandwsi Thereswe.t thatprésest inventioneg®wyar i abl e

can 25 be il nal visd S.-of ,the plurality of predefined coatings
30 associ ot edﬁl\(/a\nn@ﬁ&mcegac#]g? g‘g@r i%ergn?sedﬁag’ﬁlng Iriyallyy d@ﬁmf‘g Ya5@tiens Ha st udy
on the. efdoagositibng, Neyas aint n@jickaerEo sf cbam tepralORGtha] | i

substanti al | CO&'IS'[ ant $€| ckness coati n% I igblri_lgry I's ggt%glﬂv of

cal i brati PEdEERR GegioRse %égﬁéhb%nﬁesl& vt ¥eaying the rvetticat kpacinpes@, theofil e

is distrikydf Y I When nmul tiple del jyery nmechani sns
are 30 ut Héilg%%,%ﬁ I?Z’fs%rgg?gﬁ{r‘ﬁéﬁ%%lﬁ@g’g@{ F%‘% SQHICE 8 Otfﬁﬁ‘gkﬂfle‘éﬁ’ dit¥le is
posi t i onediwatdriais ¥4e - 13 22 March 2005 WO 02/ 24321 PCT/ US01/ 19159 delivery

area for each delivery nmechanism Therefore, the present invention allows

t he manuf act ur 9f .CO tgn%nl ibraries having virtually infinite variations
in conpositi onSBE e &g 114 Bk esresmbedimsat ohig ¢ombinitatial cdatihgn t he

pl ural ity s@dh gg:egl&jﬂﬁg ' Of 1 by, var yi t he
verti cal g%é‘aeqz?n 60, tt hgu%fg%‘??%e%%“%ﬁ?@aéﬁaﬁ%{rﬁ%aeﬁ&?e%bﬁag%’ Ja““{: 59, for
each sour & stgubigneeus depositichef pt lmﬂlth)(Amﬁmlﬁhé?[ﬁalhﬂnoflﬁﬁft@{aﬁ M to
Figs;; 8 a ' e gnbodi.ment, of a conbi natprial coating system 62, a
cont I ’nuous y %"ar%ﬁ?ﬁ’%’ c@'ftﬁe%@‘v? EEHF%W @ﬁ?ognwrtr@doﬂﬁ@cbwétwmﬁm ef 18 by
the si mul predefousl cdeRasi 30 B8y R : t I lity of
mat eri al sp14 10 fraom sourcgjé‘ 3;3@&%?!#2%?2#5@\1}%&%%?@9%%% ‘éhﬁggsggtr?rﬁq tion of
each of t Hickgess profils 43 (seepFigsiet-Thed cednof fpsmatrinhyAi ndi Bi du@by yror bot h

cont i nuou r ult,.of the thickness profile 48 (see Figs.
47) of onuNekRIY (B8 ol 33, il koo Yasaon i echivese osgon-tineenc
subst r at edé@ndifibich CaiblaaURdB E el ' -] ipear, -

u &Rndifpi ¥ ahé Qfehﬁ?z "H¥1DE, *Herﬁg‘,@fe{:ﬁ{ée %?‘%F%Sfﬁ%?e power

dependi ng ?n variabl es such as the delivery angle
of tiAe . 1%°ler meshanivacRatot shorm) essotiatsdovitt) eash somica B8 theicbAingapbeds our ce

38, the c ' . OF: ar t of .materjal, deposited per unit tinme, the
feed rate an%&%gﬁggﬁ 8 figcgoqg%&]wfeummi’%rtb%feeﬁﬁgﬁt?nidrﬂoécﬁq?@ﬂ@l%I0fﬂ@ry
mechani smmatetial iguttintodhe davehnee@Rniskh teQlhial s i source
38 rel at ig/e ft% the center ,point 44, the hori zogfgiaﬁl%?gggﬁenog&g@%t%%gach

9 of the source 33 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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source 38 to the center point 44, the shape of the envel, Q\Hﬁcﬂ%@mt shown) ,
the 20 atnmosphere and power per area and pressure and speclies 0 as in

vapor deWOMR24Bh and other sinilar factors. Each of thBSEWHI%AT es may
be vari ed |nd|V|duaIIy or in conbination to produce a predefined coating
In each predefined region 30. Furt her, although not shown, a mask 32 may

be positio en ea of the sources 38 t he substrate 18,
preferably 3%%88% ¢ %Q:ﬁ?’n&"oﬁ’l@r ‘?}'Bl'sdﬁ’réq% apgutak emdlp abﬁu‘:f-?d)r‘Fﬁlng 25

the coati ngnd mbgtqfraferaﬁwgd ﬁbhpﬁ&h{ Yo chﬁfoeéﬂohf' g0 {cth, FTHc cgzbtmtghcﬁlcﬂﬁé angl e

a may have a value in range of about to about nor e pre rably
f r om about vars frosm ab@utl n@nor@m@r tomsbout g)rmmgnaﬂot ynblreqme&mhhy fidth booutout 60.

or ot or ool y2craReah it Ak, of bl BOTHAER an) L PPolB AR Fam B B om

about 510 Cmdrmsab@blrbutaﬁotﬁﬁbroﬁ&le hori zontal spacing 53 may vary -14 WO
02/ 24321 22 NMarch 2005 PCT/ USO1/ 19159 from about 0 cmto about 60 cm nore

preferably fro out ¢cmto about 30 c and nmopst preferably from about
10 cmto about t?ﬁég Ooih§ %qu%éngge pRaAjing Jilrary ﬁﬂm@b@iﬁb

nanonet er AR !W - f onet er
(or m cronéso%lto aba(%ljﬁ)m%ﬂ ém crg%](ﬁg %{%@?@{)@ %ﬁ%gﬁg#&g%&f@%a

m crons t cnddduangiog condmmnsly fReh eboutr@0totoFalput 9,% ofima&lmbﬂj amhiromf the
coatl ng |i coating system 62 (Fig

i ncl udeaZ’r %{?s'io %O&Eiﬁﬁ‘gncﬁm% ﬁla]%é?ng‘égg 9%‘21!3 K POss ﬁ%@ﬁ’%’@gd&ﬁﬂi’nuousl y
f r omigboutfrdd e &ige &b{ﬁ@&m%f%@é sOéEsS Bf e AT ?@Peﬁﬁﬂgbn% % pqut 100%

of material B noving 1ateral across the coatin romthe si de
adj acent tdisouprsd sbave svilgregardrin thei dﬂhvmy Dﬁﬂimdlatﬁglamta the substratt) the

di scussed a of t he, als to t

substrat e, C%?%%geh W%‘gﬂ’g\mﬁ %tﬁ‘“ﬁagiy Y?sqagﬁttﬁ ?ﬁséﬁtﬁ’éﬁ %ﬁt or a
vari abl e tsabstieres Preferabhs tﬁém)ur@ddttﬁflhﬁﬁeﬁals@‘i%ﬁrﬁtﬂa% r&égﬁciﬁfé%& cg
materials A and B have respective points of focus 42 vin pr edef i ned

of fset di §P‘§Hc‘é’- daving ghiradefineshefyet slistance45p Gom Iee maltctepmmteﬂgr cfrtha so t hat

Subst1at o RUY e 5,0 R dicktl of 8 cPRE AR FuRRRREY oni °° 1"

materi al s acmssathé sthyat@oHunﬂ&lr,l byngldwigg eaufficidnt eviadfor AiffRibn 6F SRRt eri al
tu dlffu5|on/mX| ng or by the reaction of A and

may beforrredB t he
B. Al ternat ﬁ)y cpﬁgog@gst{;q, micohigyaporation, a new material may be formed by 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 the substrate to obtain a continuously varying coating
30 having gradients of the at leﬁst two materials.

-15-




of Fig. 8 may be novable, such as rotationally, |ongitudijalfY¥ognd

| aterally, to obtain 20 nultiple variations in the conposition of each of
t he pred¥Pitd@#2¢oati ngs 30. Further, the sources 38 mayPOFUSHAIEHt | al |y
fed with new and different materials, which in conbination with a

| aterally noving el ongated substrate, results in a continuously varying
coating al ong a.f{l %n i tudinal l|ength of the substrate. Additionally, each
source 38 pref et Fg“g@ 85101 1dn Byangthes embadisesnt vinilar po that obBigs. 89, a s
subst ant i ajekpavZe - 9| . ertij.cal distance.60.from the
pl ane 49 of the ggﬁ%@r@ cgzr‘tglf. %&ﬁ@%ﬁ%&ffe&‘rﬁn@% TS ‘EfPWrﬁof‘t%ué‘@&, t he

vertical sPacAhlyasthret matarialsy(dy Beand3D ofeyplutatitesrendendls Y4 KZ’IZIgYI_Rtlﬁa%é)Vi de a

di fferent t.hickness profile. 4 i thin the delivery area hus, the
‘'system 62 %‘&hg?lb‘???'lglé’sorfs(?ﬂuetnﬂéﬁ%W%YGF%%BWSSWCF w8r yTher sonrces @8sare eagh of a
plurabity sdsitioneein alsebspntial | 0 CANL] pUOUS]

varyi ng co%t{ |l ng 30 ﬁavi ng glgif' %Pgﬁ%??hggaﬁﬁ%ﬁggb%egdi?ﬁ@v%%'cﬁh%se qsgﬁéedy_ 15 22
Mar ch 20052b@Fr-0Zhe saraesBE pre o irdldy Squallyispacddroiin s 74 Bvidda cémeranot her

mbodi ment-sj.m hat of Figs.. 8-9 t -ombi nat | ti
oo es 1Nl il 7h o8 kelibRainbad PRl e SETE 74 Bt & ermsisrat ¢ P ce
materi al s lager Buaartle GanferaofithelBalivery afd, rﬁﬁ%&hﬁh& e g@i@% é}efﬁ%ﬁépe a8
. es

si mul t anequsl y_or sequentially delivered from solirtes sour
are each 3283digmelreet 2bput3Q gimswhile theldelivenyened Iuasla diagked infie rhigeust set up

61 hg. 7 I.f o] T urc 8 ar referably equall
s pa((: g((b:l ° abo%)? lft:ﬁ)cg?? gb%dlr?a%?n \gﬁg °8%ﬁ{g2¥%fa‘?§?°of?r¥lﬁ% %ggﬁwela SsmgB bg@ c e%t er
poi nt 44. cenéfwnalyl yaryirpe cabinhory 4f hash Sofd HATEEES mdt@ie A t Balnd

di anet er of. t.he delive‘r:}?/ area, For exanple, the circle 74 pref eralrotﬁy has a
di anet er §#H a4ermany pliase diagran.d dibe\samg varigbles affectingi therdoraration dfhe r ange

of 10 abouke ¢6ati : ] . ' ibrary 7 or.med by system
68 may be _ae C(;'n?i %ﬁgﬁg?ﬁ@,‘ﬁy?n %%%lffe@j{ﬂ%o&%, (L)1 1’§§1¥hap8 Y Echéhet ﬁ?aé%‘g
mat er i ?I s hh,r?‘B T8ref thphsym}em 6%i Fgr ﬂxafrﬂﬂile,ﬁthﬁ phtise cdiin@gd‘lﬁéﬁ off El&%( SR )
vari es eching the. formatiqgn o the coating |library 64 (Figs. 8-9),
des cir?l)bed I%La& gb a gﬂ%’ PRI I8 & Setion 6T thecharizgntah @acmgbikloﬁéﬁ(ﬂisiﬂmteh@, system
68. For exaMIR | A |1 e coati 5 library 70 at
any poi nt ey REUE S, B! s HROShGh 8 b IR 58S SRt Btesily hce 5o,
the del i vepipt ghfious 42 dffeacls bayves, afc. t Rertleny bk qpefedod SpactdpCandPrd¥esOre €aCh
etc. Further, the

mat eri al , 4th Qi of , focu 2 of each, source,
preferred ﬂéepga@?%as %?fea%?r@%e%a‘f ve t‘ﬂéh efpienge; to Figse 8%sdni eredwabidee wi t h
r ef er enceetample, ObreeSrifrush oAl Svefo Eilfﬂd?lgneously 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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exanpl e, three airbrush guns were sinultaneously focusggh&%cggbﬂ)yer a fine
spray of 20 three different materials to the substrate utilizing an angl ed,
of f focu¥ORR24 61 (Fig. 7). Al of the guns were posi FCHNSM/PAN,
delivery plane parallel to and vertically spaced about 15 cm fromthe
delivery area. Further, each gun was positioned to have a delivery angle a

of about 45 andga.horizont al ci.ng 53 of abqut 18 cm The  substrate 18

was a substant i %P’Fy“‘,g %%E:ﬁ%ﬁ lél"o@k 1g fangther @Hﬁ’oalé? : W@F%toﬂﬂé\ﬂoﬁ@ﬂ& 25.

di amet er ObystOUR fheRides BApRrahy tdFeedbodtidal &Y si‘frfufitgﬁ&gﬁéf' ﬁ%ﬂserdegélg}éér wer €
ef1 ne o} gs. Inh

sized to forma coating | 1 brar’y having 66 pred atin coating

materi al i Merhaaisams Bheash fixedivynosisioned teasimpltancouglpEkidquentiallyodglivepeino!
| vent ni it b ' ' t,. . Af d i tiop.t
ernary. "off e iie b OBRALE 1 4R RE Megrale IR Rt de. Hach ks

coati g | i plusaliyy bAdEINGrH MethSlidnct2 p@aﬁ@@idm%%f%&iﬂﬂlﬁaghts itRinPa30 few
an

m nutes. The coatjng . was about 2 mcrons in thickness, e coatling

t hi ckness SIWEPE 40 (Figat) thalyntessactiowith dhe surfadents of e anbsoae J832Ead2 Mar ch

2005 PCT/ {aed/ : Ing: i-gs, -14, i not her e i t, a

conbi nat ori al cggﬁ?%&gﬁgieﬂrﬁﬁﬁ?&;éﬁu@e;ﬁa@%% B{r:fgf)ﬁfsys fUR o2 gﬂ’ﬁs & or

si mul t aneokrsfoyatiiycaaske delitery vrechanisre d Dds equably spacdaboli Xaedly 70sbinganed to

si mul taneous_%,lggws guenti al | é del i ver on the plurality of naterials
t

f
14 to the & etﬁiéa”c’ﬁ%’ég? a3 oFpk Papt gﬁagﬁﬂ%ffn gach dslipenymaeqharisef
dol | ; Do ot e U1 withi
Cnvel opy 4o PRIGENY, tes DhEAHGRA Habd sG] IHAGARORUE b 10T L
18. Each digfanesdessghansthp distancafiby the sérterquuint 4dnio de clgg bethe defiverl @gdas 3 et up
61 (Fig. 7). ly,. ea del,Lvery.nechani is equall ace
abOl(Jt | g ci2r4(':l %@ffi&%&?ﬁéb@? Oﬁg‘%?f‘%ﬁb%%‘)%ﬁ’ilow Og'ﬁ’g}d{éﬁ?’g mg‘%ubﬂmé%nfﬁﬁ poi nt
44. Furt hebeuseds BulkelritMBy ¥quiesIBa R diStadd: 55 %ﬁrﬁ?}g)ﬂa ﬁn%sceﬁte:hgéi%? tal

a I'S

spacing 53 (Fig. 7) radially fromthe center tance S§s tHan the
di stance fthe/aPX Resitiening the)same partionoof the thitimessiprofile 4R:(Figefy far ewh 24.

Pr ef g¢ abl 18 NG f 2 {not shown). of, each livery chani sm 12
i s %cuséﬁat%lq@u g&‘%ﬁ?@%ﬁ ;!/Pe é(?l#vgﬁgﬁ}’erbﬁ}eﬁmo‘?fﬁﬁﬁﬁ% ?ﬂﬁ‘;gi.eﬁ%rw rom t he
cent er poiméchddism Imfﬁabyraﬁﬁm'ﬂit@rﬁdﬁgﬁgéteﬁ-&ﬁnﬁ Rhtek HirRf ickness
profile 48 %F' each 15 paterial in thg del i 3@%‘3 ﬁ E’g t%z!#agﬁomever,

ig. 7). for
t he- poi nt & 1VF%EU§%fﬂ?Z 418?11“@&@3- dBn faghr sachdebivenyi meachsRisis 1Aanay bevs ned to be
of fset fr ' . Or i val.ent offset djstances 53.
Th fact " Sdue fofif B fouf 5 Mhotidin b Tud) Wil ilthe CBniine 46 B o5 baing

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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uni que point of focus 42, including one that results imst rline 46
(Fig. 3) bein normal or angled relative to the surfagghgém§2?¢% t he
deIiverfwﬁéBH%ﬁan1is inline 20 with or radially spacedPSHY¥P&H t he
center point 44, as long as the envelope 40 (Fig. 3) of the delivered
material 14 coincides with at |east a portion of the delivery area 24, and
hence the&?urgf E 16 .of the subigfate 18. Further, the delivery mechanisns
12 need not’®b 3 & FYSISR G BBY Prodice arcoping lbtarndy hawingrsixiegn petefinede

posi tion tdxatingy J0QWend RGr parm! | : Y of .a plurality
of materials 1% 25 tgto a%e?’ea’sdt:%léd%2)Pﬁhgwl%?&?%g%bag%m\]ﬁef{/}g]a‘f"oé%l”%%‘.onThe mask
32 pr ef er abithythe digfoergmtterns|80rodithe maskf 320@ig. ¢Bps 80 (Fig. 13), which may be
noved in and out of the Iine of delivery of the materials 14 in order to

trol th ti Lof diff def | hed I, 22 (Fig. 2 ith
Tt erent mat o ¥8paRE sehbE' Ghbe NS 1 coach @gligamy qneckspissild froagh
depi cs ed ispralyeignozkle @t bedriies RAGRSY ?iﬁe%?fspﬁgiawrﬁ JETTATARACT TN %}ﬁ%% RLgf erably
a in

t he mask ib_irFa physi cal contact nask at i s touching or e proximty
to the subdertatbindiyidualliionan eomhwation with offer nexaesfineterinlsfiorthd substrate- 17 VO

02/ 24321 Mala% 119159 Fig., 14 he system 72 ma roduce a

coati ng Iiaﬁrtary gigﬁ‘ﬁ%g#% g’t% g%’ﬁég?‘g%}&fg}lﬁ%eﬂ@cﬁi?% aQO‘EgE@P’H@ “%laéfgr (A B,

C and D) afaytteeapplied & itteyliquid mateginl & genddhtd fhe FRERNRALT @8 Ligld Ralhey Ti 7 st

f our patts\{ns 380 ..of tg mask 32,(Fig._131). In a working e>?arrpeo t he

syst em 727> B%UAS Sorary ﬁ?aWQSW&‘HlB!ﬁ]CPQUR% ayers mayheaieseloped by sequentingt omi zes

aligud r ' 14 ¢ ' and, direct.s it .
P 13 of RS feleals 14 e Cplubdily SPORYTE2 [ oo wigh

i ndividually or i'n conmbination w noz

substrat e2 Seguensenek enaskingapattgns apdr curfienpleps (& naddssarf) RETHBAUEd, St eam

or an ult ?eﬁ?ln. C. V\@VE maty be %Eg l.ed to.the |liquid material to generate

the fine h\ Sregpmed, Lopting 3Oy @ biedefiped region A2 (Fig. ) BF sheysubstratayiTigs nul ti pl e
ti I e ' j : | i f t

coating | auge dekyabke FHEMSIARE i s%ﬁ@hiﬁg?gﬁ‘%&a%yh%xg,gnégﬁ inQioml'®

materials 14 fromthe plurality of spray ' N°Cco
sequence BIOPRRISK Whgrerach enmer aeambinationpfehepmting layesqeesidey it [tat BieVi de a

Subsrr at oo Tt ZRRLLHA, Bopbtied D Wi pilitareamslon i bl ot ot
o the coating Layer s proy o die i S0t MR FFD "o e G ap BT " 0"
propert | eLdivi aﬂm%’n}saﬁ%d SRV IR ador exampleciighleulighid ajoathey nmesisls ued as
1M NG, inBhD ook RAIRE pbiyBathBnfOl Vil pofymct) sflfobnds nd” sifics 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-




i ndividually controlled spray guns. For exanple, suitabhg lifypgs coating
materials include polyacrylides, polycarbonates, vinyl polyner, silicones,
and sil iW2%@#321 Further, for exanple, suitable spray guE@Ti AEVEE t hose
manuf act ured by SonoTech. 20 If the materials require curing, then suitable
exanples of a curing source 34 (Fig. 1) include a hot plate and a LTV | anp

capabl e of .curing the_nmaterials, at tenperatures of about 80 to about 200,
and nore p?@?k?%%]@yamﬂfed’l(fgr tsgglmaeuslisor seguentially delivesidg oref ofibout 10

mn to aboplhirakif BOWIRE M3 f . hour ab 4 haurs.
Thus, a cggl.t i_ng{ i braEr_I;f/1 ha\?%ﬁgg%ﬁﬁgg [ t%l%PQpr%%gf?%%g?%%ﬁ%isﬁg&%

coat i ngs i Witkide depositiom hpmsink| 4. fHs hivithstare tiee highy tep@yyEpAtiiensf diapber ent
maski ng p : L,th different . liquid precursor materials, or by a
nmaskl ess ?%egﬁ{lﬁﬁ%\ﬁ% B‘ﬂ’ﬁ&@ ®s BBRILCH, Sf?lbi)ec E‘ég feirRsatEres material reychdasant age
of the varmsgresinm 6xideas iifdhanth Miahkke | irgyi CH R erial
bei ng deli vzgrﬂed fromeach sprayer nozzl g’%‘%@brﬁﬂgﬁgpocs?ﬁa(ﬁ %ﬁ&lgl%fl ry. 30
Ref er ri ng se#lakledo famn ajvgcuymchambersosithiprits, intericapafactep ds ithis eake, the

nmbi nat orgj ' t 0. incl ud |tiple deli hani 12
cach co f genvery SAEkANEAY ARy Baraiesdicoulst Semmisamisesored
si mul t anecdysRY poversgreferdlly nedtcheltfon ptinhiv @itpét(?(?I‘I'EGE‘"S{':@@‘:;L ?2 s@g*éﬂ@{ﬂeng one
po

of a plur it\ézf)g, solid materials 14 to the substrate l'oned on a
movabl e stHEWAEL!S iR oRvpasitisns vhers therstagsimey Sljust Terticalipaviationdllyeorhi gh

t enpeg at unept " kA0 s s rate conpri.ses tabl ¢ high

t enper at ur e?maxt ggrle g{m%%?ﬁéjg%gs &eravgtrtllggitﬁ%ggli‘f%é B | Wﬁ%%eﬁiﬁﬂ te

(LaAl CB) . delieerpleppolsirtisros 1 Dandsihe gulShraies] 8 is @ahaR138 HainkQhBray bRANIREhaMDer
96 within iés i%e | or sgrfaces. IQ this case, the delivefy nechanisnms 12
are vapor PAEEBEPY JHC RAFK 32l Pesfierably subsientiodly i gantagiowish 8 substraws 1R over |

pr ef er abl viufing cRagst R WY tihe K upperts the, substrate
18 in a known pogﬁt_i (é)}?]o,s \{vh’ererP. 5eﬁﬂs%tgaﬂg}ee ﬁg@d%a ST \9@“?@3@ fks%tlﬁtional |y
or 10 |i n&xveblytesitioned withint yeasinsthantber 98 bhk mdskdodshi 160.Y TBE Sk

Posi {d . t.h del . ' 12 d.th b 18 i

e T g T 2 B e s o | °
f bl yhesdtbsiphatd ' ] i

o e ehoaets of ki ispuaiboll i St s UGAD 200,

deposition, to mninize the "shadow ng e
posi t i onedelidenn gear bpxcld2mandmaintosreteard 04 fommneink ahd usdamgrink) €espddtiecipsk 15

houst ng 1644 hositibf of AHETHAMHAHEAR st'olidh 1bd13crT8 e RUSID Y04 11 & manner to

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.
-19-




t he at nosphere of both vacuum chanbers 96 and 98. Furt@rMaItcﬂgogysk housi ng
100 includes a gear box 102 and m croneter 104 for noving and neasuri ng,
respect i VOI0324324he position of the mask patterns 80 V\/ithl’g@@ﬁ%’f91$9o t he
substrate 18. Further, the system 90 may optionally may include a shutter
106 having one or 20 nore apertures 108 to select one or nore materials
for sinmultaneous or sequential delivery and prevent interm xing of

mat eri al s. Fanhexample: te pumprsiatiobl bl 4cmay @odvdde a tvacwunt @f abodi 1™ taat

tat th t 8 t | t th | terial 14 t
Vapor | ze. AP dhe FEDGHOIAREE bR 18%ek DR A ertim AL U, EhoguRDAOL | on
vacuum f edDh &itd DI@ire il Bemetuaithiidny with thlepRalk @BmBEr 8'ir edr%a@é §a1§'fe§1 IS

as

noni t or ed m’th a 25 thickness nonitoring device 112, suc quartz
~crystal os §.1 ator. By vapor deposition of different solid precursors
through different patterns of nmasks, a substrate with nore than 100

di ffegent coati I 4,10, ructures can:he .fabricated -in a day
Wi thout need to reaE lvéafctlil}iusm ﬂgﬂ%%rr%& %’%F%éée ﬁ%#@gilgﬁr@qeﬁn 1BV CehHE
patterns. ®etalliveandionsemvbnhmpiramaterialshivitht i2fa¢a GuusRreRARRE hcBfy2Bs 98 are
mai nt ai nedtg%g back-%gnmi on 114 connected to a turbo-nolecul ar punp
116. -19 S RCASBIGAE 1 o313 o Besides; thgseputiendesices desasibadpbave, other

back- punp sableciblivéty ARYhaRst! ﬁ?ir@lu\&@q%é@aﬁfati?ﬁi%%%ﬂo&)%a&xﬁ%%apg%l e the

t ur bo- nol ecul ar punp "116may provide a vacuum o & 114
and 116 ar€VPneworthaininenbr asedivith thdmaslang aysterh aolperierfte indromie Roatimgat e

val v 118, 5.For ~ex le, this system 9Q. nma enerate coating libraries of
any ggr amﬁgj,rgn%‘et ;ﬁ %@%ﬁﬁ%l By o8 c%g]%ﬁ&m%fage?q'&%?m&jmﬁuﬁgr JoalEqe
roughness tﬁétﬁla&@%{i(ﬁﬁﬂorpgppaﬁﬁscﬁi‘@&% WREUh, 'f._gﬂ's%fbﬁ? %&erfesset ﬁgs'ﬂﬁs the

e “del1very C

sputter devices described above, other suita mechani sms 12
i ncl ude | S88¥ syBieBx May beattiized tonfabricate emalb oncledudmibrafivDsuchtas. for tiéain may be

used with fhe. i ﬁﬁéf' ‘ enerate inorganic coating 10 libraries. To
fabricate a%ﬁggg%ﬁr%égﬁco 4’%}@%%? VI&5co- f ocusi ng nmultiple source

t hermal evaporation apparatus coupled with a masking system may be set up.

The same system may be utilized to fabricate snall nolecule |ibraries such

as fos use in Ipisgppeent ihghtherihiat bé ﬁv&@&ﬂﬁ&gﬁéﬁc@ﬁﬁh%ﬁim@ﬁtiéﬁ a S

appar ent thatb,the[a? has been provided in accordance wth this invéntion, 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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combi natorial coating systemand nethod. Wile the invepkign, hggs been
particularly shown and described in conjunction with pr(%erred enbodi nent s
thereof, it will be appreciated that variations and nodifications can be
effected by a person of ordinary skill in the art wthout departing from
the scope of the invention. Further, it is to be 20 understood that the
principles of the positioning of the delivery nechanisns and the delivery
of the ﬁgi' S[s to formthe coating thickness profiles described herein
apply i MPni | ar manner, where applicable, to all enbodi ments. 22 March
2005 CLAIMS : 1. A systemfor nmaking an array of coated materials,
conprising: a substrate having a surface with a plurality of predefined
regi ons; a pl-o¥ sysfonyfosmakinesan aray of gpated matesigls; pRIMEIRS r at e: a del i very
mechani sm assogj ki I j § ' herein the
.delivery rrecﬂ%ir??ttsrfcngP?lggg%%%%gﬂfﬁblgﬁ%ﬁ(t)a e%%ﬂsnl%?ﬁ%gé(\lﬁ?\’/er each of the
plurality of aphutadity ef materials fartveating the sebstritet he substrate; and a control |l er
that controls i Nj e | del jv of the
pllaral ity of anGerare Bt BraRRlsch o e wERHYBL frfefalsy SheBRE el o

r egi ons - ddlivedyemechabisin 8tshinaed te soddfaherdlycddivien gachwfethe iphurbliy efontrol | er
controls nmovenent of a_. ho inn device, for noving the substrate during

oper at i o‘ﬁatﬁlflgt“ﬂﬁtostggflgfﬁcea © %3¢ he controller records the plurality

of materials ¢ &trollBkBattdntbR ROV Abcifakth toRkRIBVd Y aeliveeghdiof 2. The
systemof claim1, the delivery nechanismfurther conprising a_  plurality
n

h
of sour cibe plusalith admaterials sushcbat qash ofdhq plaralifgobmedefinediregigpaiphithier y of
mat er| a's%gst\%?{hﬁ% d 1{? k n@l cBQ[‘fh%l ih e %nt%ﬁ%;& Cc%ﬁtr&é%n@v\zﬁdefnf geent fixed

positione system e systemof clarm1, erein the
pr edef i Neddiog dtving fagsmdngthedsubsttate doring epsaticonef the systanpindrathéreip of

regions conprises a thin film,coating havi | tipl | avers. 4. The
systemo e@g{rﬁlﬁe{,refﬁaﬁ Eléerp %]rﬁ?[i girﬂ © Fratg% vl Hg tge 6?%%% Pt ?/ac(})lf
pat t er nspreddfhetesionposi ti oned adj acent to the surface of the substrate,

wherein each of the plurality of patterns is positjonable over the
substrate, and Thee PO Rfo Flatf b Hbe fiﬂtlwréﬂ preghaggsny nETRIYRE Gue to

perm t dald.her bf gf)?fcl%ﬁdé%h%ﬂ fleS sdRcedi ered&%ﬁngmﬁgi @Eﬂeeomrﬂftyt&e

plurality of "predefined regions of the substrate. 5. system of claim 1,
wher ei n watetialsf whereinpeagh ifi thy pbiralifetadr souross desrprdifferent 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.

-21-




a material selected fromthe group consisting of netal sy p\gll 5 Ceramics,
oxides, nitrides and sulfides. 6. The system of clalnl% mhereln each of

t he pIurallty of materials conprises a material selected -fromthe group
consisting of polyneric materials, oligonmeric materials, small nolecul es,

t hernopl astic polyners and thernosetting polymers. -21 22 March 2005 7. The
systemof claiml1l, wherein the deIivery mechani sm further conprises a

vapor deposit)] devi ce. he m rein the delivery
rechant s T ur LHQe SUHBArStm s SRR BF VST AT SOFPRUSIA | ons
cor r espovpongegositiondbvied. the plurality of materials, V\,her ein the
controller controls the position of the shutter to selectlvely expose at

| east one of Y-HeesyyisEIof clpmf, whewh e delivsry mechanism, Bithst campaisesipst r at e, 9.
The system of, ﬂ‘hﬁt‘efma?wng’@ghﬁhlﬁytol?goﬂﬁbﬁsv(%ﬂésmﬂﬁ%%ﬁ of %He%ﬂm%ﬁgpr i ses:

plurality of sprayer devices corrésponding to the pluralit erials,

wher ei n efzohtenils,t weerpinthe contyollst cwa:r<é$ thel msn@nﬁﬁb‘? Btk &0 bglethely
corres poél&»u?etg 1905t Qe ofttlti'e %mia*ﬁ f&f&l%’feﬁgls %cpﬁ%%&[f?c%%\f'ﬂfq?ﬁlbst%aq The system of

claim1l her conp maskl ng patterns;
and a novabl €5. mbmmystetg otﬂekalmé wherennﬂmdelmty maclmntslm ﬂmecmm;nrfslei; er and

having a nount,f h d|n mask, wherein, t roll.er trols
novenent of tahé’luﬂﬁﬁﬁn‘ﬁj \freé’g’efé"‘)%@?"lnfi](’j‘ﬁ @nﬂw B éyﬂfl}?%ﬁ:? ¥ of
nmaski ng whértiardash oF te Iﬂmhgtth&hataﬁﬁs id VapoArdbiBY kiR coekporidite 6} dfvery of at
| east one of the plurality of materials to the substrate. 11. The system

of cl ai niheplurglity ?P@(S‘ﬁﬁ?ﬁ’@‘?sng a novabl e hol di ng device in communi cation
with the contf(plrh@F s?éh‘l‘of'él%ﬂnﬁ‘? ﬁ“ﬁb%wﬁéfn supporting the substrate,

wherein the contro er contro e speed of novenent of the supporting
device to posineskdmvarg 4 gastiteofpoaskingpagtermshandsubstrate in a delivery area

for receivi nga t he eI i Vet.ﬁngf at | east .one of. t{]}e I ur of mat eri al s.
eVl

12. The system 8?' c a cerléllcr?n}%um%agloal“ﬁ 3%01 srarl%vagllng at

subst antd alduyit €anisdldinl thatrRask] vhefeis e emltfrﬁllerrﬂi)htrﬂl} movaneayofdfhecoat ed

AR NC AR ERE T C N E TS AT

regi ons, int d@judkfidR6Ath 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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of the substrate positionable within the delivery areax,,3.8l.4bghd ty of
materials for coating the substrate; a delivery nechanisSm assocCliated with
the plurality of materials, wherein the delivery nechanismis positioned
to simultaneously deliver each of the plurality of nmnaterials onto the
surface of the substrate; and -22 22 March 2005 a controller that controls
the delivery mechanismto selectively deliver each of the plurality of

‘materials such tha ch o lLlural ity of predefined,reqiqn f the
Subst rate had rphaRtenalfs fNelibbdeRteh e SRS AP RS <

mov enmentthe hhalith olf didigiatiesichethitagackino? thrgpltufatitys obpietdefireddegiongodiber at i on of

t he systeg] ang Wnerec'i éhe controll er recor(ﬂé t he gll urali t}/1 OE materi al s

that nakEbHER Hes 8 Pi¢ e%ge {Coptien Whsrerdhg feRirqlieyicoRirols novement 0k e m of

clai m 13,51 0hehedite thendVifs ald fpdrtoatiinPoRsanal o 86 syéh, #d wheaat one of

the plurality of regions conprises a thin filmcoating having nmultiple

| ayers. the commellesyeeasds dre plusality vd materialp dhatcmaly pBithe caatings® eashi ng a
plurality. of rns, the nmask positioned adjacent to the delivery area
betweenl%f e pr}(ﬁ?éfﬁol%fy of materials and the surface of the substrate,
wher ei n each ldf Théieyspdmofiblaing 18f whartinghe preidsfingulomiating assbtietedivtith at t he

delivery area erein.each of the plurali of .patterns i uni que to

permt dSPF 9B f?gﬁe \é\ﬂ'éalﬁﬁtogrrF%Pgs P%m@'lqﬁeg ey ﬁi% Olaﬂggi ghas 6’?‘11?1%18 plurality

of predejdrfied regi ons of the substrate. 16. The system of claim 13,

wherein each of the plurality of materials . conprises.a materjal selected
ﬁ%",mg 6>HE

from the group- dBASYLE R iyt fpdher qoppyising demash Waldy ofi tri des
and sul Tl.dgss, thé -mégﬂepc)%ifﬁ)h@%naejfacéﬂt% %&%11%&%%%&11%& ipl’!ﬁ'ﬁﬁ’t]yrﬁc hani sm

further © conprises a vapor deposition device. : e systemof claim 17,
wher ei n materide hind; theysurfacheinthe wulbsitaten stheretoegehi of dbe phirality of pattaarg/isng a

pluralit f Sithons Ccof. di of, i {
mat er i aI%’,SR%%?%Wﬁﬁ%%GC%%%%?%? a@%ﬁ%r&gﬁg&{&ﬁeﬁﬁfé&;ﬁuﬁ%ﬁ& §¥ b%%éﬁ Sg]ﬁ'ut ter to
sel ect i ugligue teypmsiedeivelyabdthe amteridlls tohdffirentr aimbiyativhs wétherphahlktytad t he

delivery area. 19, The sysiem of claim 13, wherein each of the plurality of
mat er i a|];gecie$5tﬁcbfqg§g1§o§tlmpg§traé?. sel ected fromthe group consisting of

pol yneric matgy i'BleSsystem 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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oligonmeric materials, small nol ecul es, thernoplastic p

thernosetting polyners. 20. The system of claim 19, \,\%gg\g?%ﬁ?ﬁg@da ivery
mechani sm further conprises: -23 22 March 2005 a plurality of sprayer
devi ces corresponding to the plurality of materials, wherein each of the
plurality of materials is vaporizable by the correspondi ng one of the
plurality of sprayer devices. 21. The systemof claim 13, further
conprising a noyahl e unting, device in comunjcation, w t.h the controller
and having a ‘%Bﬁ’ﬁ? ‘tVo‘?rP%?erE"’icﬁ% REEIPonging, o he ?IH@%%r‘?&r‘B?tF%‘?ls’cont rols

oV enentwidreih RACKBEHel plera G Vo TG Ratéial P BSvdpb AR By ee ddtRspdildiipdddetof Of
patterns over the delivery area in conjunction with the delivery of at

| east dherlwralitnef sorayesdetigesof materials to the delivery area. 22. The
: t ool n _ Ler ery area. o
systemor ¢ ailml"g% sy téfﬁ%?@fanﬁQP};lﬁlhg%ﬂ;&@%h?y%E Hioﬂgtlﬁjgféfé\ﬁ@e inn

conmuni cation Wt e control ) ure for supporting the
subst r atemmudientionwitthtae contrellsr hed hadng a ot for hopskugithefmaskyehesein of t he

supporti device to osi tion. at as . pOnti. of f.he subs te within
the del itggrcy‘?ng?l 4 ?Oﬁltrgg;nf’ﬁﬁ%r{l?%noﬂ/\}ht%hmgflﬂle %g%\hgée]rt?/ pg%lﬁagl? q%gaési{ ﬁ1(‘)3ne of the
pl ur al i tpluafityneftyeittemls SvEotht delivke) hreariy catjeactiodwvitil the dejis¢rgofaf leastai m 22,

wherei n the hol di ng device.is vaghle at a substantially constant rate.
24. A nét"l‘?é’éﬁ? qu Féi?fd“ﬁ?ﬂ%lﬂogfgeg?hv 0at'&® materials, conprising: providing

a substrate haviThg s9steMrdfadfmve L, Fudhd! ddhidising PhoPaté abldnfdddved ians; and
selectively delivering at |east one of a gl urality of materials to the
X

sur f ace eommymtieationitl trecconollesrand dhapingcrefikweaifos SHPPATEND FecHbHIAE. t he
purat !t @lin RREUSHLARE coh 81k A seq [t n SRRt B The WRBLAIBARNIA ol N
ma ne or o e

plurality o errals i's positi st nmul t ane ivery to the
subst r atymsitidb .at East spdrhiodobihe shiztmateddithinttes délivesedret in sopfynctied thr i ng at

| east o f..the Lurality of materials further .c rises delivering each
of the prenaiery o easCerickinde pIFRR o aiterdlh I e dRGER B3ET L on. 26, " The
met hod of cl @i3m13k, sysead of kldife2nr ehabinngd ksldingndevicensrinsedlaatin  film

coating. 27. The nethod of claim 24, wherein the predefined coating
conpri s Sybsfantiplly 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.
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filmcoating having nultiple |ayers. 28. The nethod oleNahg%gﬁgsfurther
~conprising positioning a mask between the surface of thé substrate and the
at |least one delivered material. 22 March 2005 29. The nethod of claim 28,
where positioning the mask further conprises selectively positioning one
of a plurality of mask patterns between the surface of the substrate and
the at | east one delivered material. 30. The nmethod of claim 24, where each

of the pluraljty,of terial s omprises.a material .selected fromthe group
consi sting ofig SIIE&R%‘f Pt%m@é% e&%?"“@?&%%?}" Riedk sﬂﬁ’sﬂ&ﬂ‘a‘?’é‘ﬁ‘?“"fi des. 31.
The et herchbels pasitibrdg ob6f & phagity off niiR palterhabetwteo themirfacs af the conpri ses
a material selected fromthe group consisting of polyneric materials,

ol i gormersubstrae @ the at leastans delyesrd matetiali her nopl asti ¢ pol yners and

t hernmoset ti ngyo PAleY WRkfod B-cldifte 20BtREE Qhclt | Re2flurdderdt Biictialsi vely
delivering at least one of the plurality of materials Turther conprises

vapor i zioemprises amateriabiseleged fipmetheegrien corfsistingiohmetalsiflows eesgmaies, vel y
deliveri t . the plurality of materials further conprises
posi ti on&%%e%a%ﬁrg(%gﬁdﬁgﬁ?éﬁ' a shutter between the selected material and the
substrate. 341. The methvddobfclamaizdy Ivherd wattherf thenpluiradity gpfmmateniglst he

bstrate duri the deli f the at | : f the plurality of
Tat or | al SRBSENA TSGR, SRESCBroTT e TR OB B PR REHET o 1 si ng

posi ti onjlipanRAe MhteAalp) sthall ihidlecidés, RBéRIPSLO fpodyrids kandethestssetting sel ect ed
material and the substrate. 36. A nethod for nmaking an array of coated

mat er i aI@,lyT@%fﬁr-pri sing: positioning a substrate having a surface with a

plural ity of 3 alehdifich 6LGLANT4, WHER ElafivdQeiidCR 10kt bilopitst rate i s

within a delivery area, ere the delivery area Is fixedly positioned; and
sel ect i yatplityedfimatenialgyfusthet eraprisonwapotizmgghemateriel of materials, each from

a different fj xed i{i . tg,the deljver rea. i fined
coating of atﬁl' ﬁgﬁ&%%dteo o‘rf]altnlllg‘l’p}”u?rglsieteg 6 yﬁg et Iafé(i"{é)argl1 g%egﬁfo t he

pl ur al i tptumfitypofesietetiale durtiagi conprieés pdsttiomdnghsi apdritre 8va shiteerbetiad of clai m
36, wherein the predefined coating conprises a thin filmcoating. 38. The
met hod eéffl%ﬁt?ﬂI%Bt,e“WPé’Hébens R&2%r edef i ned coating conprises a thin

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-




filmcoating having nultiple |ayers. 39. The nethod of s further
conprising positioning a nmask between the surface of t e su strate and the
at |l east one delivered material. -25 22 March 2005 40. The nethod of claim
39, where positioning the mask further conprises selectively positioning
one of a plurality of mask patterns between the surface of the substrate
and the at Ieast one deIivered material. 41. The nethod of claim 36, where

each of the p eri .SEeS ri sel ected f romthe

o oup const st Higfhsr e L4 5 dvnGEPRNEERs g Pk T cofRLRG,

sul fi de;sSd&Eveﬂ?hﬁsﬂﬂIBmhgdmefof @h:::’!mﬁh@ﬁof mdidbk][;%tteﬂﬁ ﬁeﬁﬁeehhﬂe flreicalolf the Of f

material s conprijse mat eri a cte romthe group consisting o

pol yner i %lbﬁﬁtéﬂléj’@ féﬁ?ﬁ"&ﬁﬁ@l‘“é“ﬁ‘ﬁ‘?@ﬂﬂal s, small ol ecul es, thernoplastic

pol ymers and 4NeTRDS&dthddSf Q%Y B Swheds- eazﬁ'eoffrﬁﬁeh ﬂlrﬂft¥c$fah{ﬁéﬁls wher e

sel ectively delivering at |east oné of the uraltly materials further
8

conpr i seeompipet pmaterial seleptad drdnafthe grgup Fh@lﬁ’@gmfdn@fﬁ chliyh ggamither e
sel ectivegl.y deliverb A9 alied €ast one of the plurality of materials further
conpri ses positioning an aperture in a shutter between the selected
material and 421eT1$wlm$etthcai of daim Bbe whetrdcaclofofcthei pluddity fefr tiweariatsonpri si ng

novi ng the substrat ri.n t | i ver of .the | .east. one of. the
o1 ur b (PR ceprre cSth Himfr S susihiE FeprSEREF BRE R4S
further ¢lamaierisi MeteHls] kmaNi Mmgleiles, Othe@ndplastial pdlymerdf andatiethogttale @ mask

bet ween the sel ected material and the substrate.
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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