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BACKGROUND OF THE INVENTION

This invention was made with government support under Contract No.
5 70NANBOH3038 awarded by NIST. The government may have certain rights to the

invention,

This disclosure relates generally to methods and apparatus for -
generating and screening coating libraries, and more particularly, to methods and
systems for the parallel deposition of layers of materials onto a substrate to form a

10 coating library.

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

15 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
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,

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

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

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

v 25 theoretical guidance in the search and optimize advanced coatings is limited, largely
because of the complexity of a typical coating system and multiplicity of quality
requirements that need to be met. Typically, industrial coating fonnulations have to

-1-




del i ver yRgtt

C 12 DELIVERY MECHANISM 2 N N (57) Abstract: Systensddach#iliods for high
t hroughput fabrication and analysis of an array of coated materials. A
system (10) of one enbodinent for nmalting an array of coated materials
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BACKGROSNEStae/compositgrEN theofial poasing fropasts thnfupetéonaliiiof Wietceatingver nnent  support

under ~Cofbuk %&auwofthémﬁﬁw%%%%s%@s&GPﬁehyabN' industridl oAy ©r NMENt  may have
certain r| %ﬁto t({]@dﬁsql\éen ion. This disclosure relates generally to

net hods S¥ fong veykssa pgesul 9t serepdinitonswiahepd®ati ng i brari es, and
nor e parekpéithenkd yrocéstesret hods and systens for the parall el dep03|t|on of

| ayers of materials onto a substrate to forma 10 coating library.
Coatings are widely used in industry to enhance the functionality and

‘add- on \BRIGE SSMMAIRY Qa{leih BNGINTIY e are generally two types of functional
coating materials: inorganic and organic coatings. Inorganic coatings have
been used in bot h Thetgfore dhdre isracged for an apfueachyhat aeseleeethd widat vari ous thin
Filmi ntvﬁﬁémﬁamﬁmrc@ath{gsll% ﬁé.’rht%@ﬁnd Adidhot v&Roub Hla&%&ﬁlgﬁg onal industry,

such as t barrier coatin or steamturbines and aircraft engine
airfoil §‘P1r’]léa§j%fﬁ| Chusoepbhadgaensy @q%q RIEseff wenfiop geayidep systems and

methods for high throughput fabrication and analysis of an array of coated materials.

According to one aspect of the present invention, there is provided a
system for high throughput fabrication and analysis of an array of coated materials
includes a plurality of coating materials, a controllably focusable delivery mechanism
for delivering each coating material of the plurality of coating materials to a detivery

| area, the delivery mechanism has a plurality of sources, each source of the plurality of
sources associated with a corresponding one coating material of the plurality of
coating materials; an adjustable substrate supporting stage; a substrate supported on the
stage; a mask that is movable in and out of a line of delivery of coating materials from
the focusable delivery mechanism to a substrate supported on the stage; a controller
having a set of instructions to control each source, substrate and mask to control
delivery of coating material to each of the delivery areas to form a coating library of
varying thickness distribution profiles across respective delivery areas; and a curing

source to cure coating materials deposited onto a substrate supported on the stage.

A system of one embodiment for making an array of coated
materials includes a plurality of organic materials and a delivery mechanism for
delivering each of the plurality of organic materials to a delivery area. The
delivery mechanism has a plurality of sources each associated with a
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many industrial protective/decorative applications, $8Marels204% aut onobi | e
top clear coatings, paints, etc. O her types of coatings include, for
exanpl e, protective and anticorrosive coatings, adhesive and rel ease
coatings, environnmental barrier coatings, 20 electric conductive/optic

transparent coatings, .scratch resistance hard_coatjings, etc. D scovery of
an adVan‘E,oé’E?SWg{q ceoh Fl?ﬁ}%'a\ra&yo‘?ﬁsoé%@n‘fﬂﬁ@né | Beehyd theplpgalitif et urer. The
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The powethickhess Sistritavioatprefies varied across tha delinergemach and optini ze advanced
coatings is limted, |largely because of the conplexity of a typical
coating system and? msthodef pes engbogiment firimajkingrascmiay efierated t hat need to be
met . TyhgteHaly inchi¥eybiovidihg & BREAIRY of SipAMb Aldt@ s diRldefvely 29 March 2005
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appl i catr on géési]dggéh Bor cg’g‘ée g, Whets aﬁlg‘bs?%lg oc% e%?i‘?’ff?ﬁ%%ﬁ’“ﬁ?ﬁ fornmty and
sur f ace prefilepiadessicroghthe Helivepestels on t he application nethod and processing
of a coating, are inportant in the quality and reproducibility of the
coating. Further, different processing conditions, including exposure to
ultra- vi ron_curing: varying tenperature/pressure, and the
sequenc f@ﬁﬁ#ﬁ'&f@%ﬁﬁﬁﬂ%%ﬁ\%@@ of multiple | ayer coatings, are

hi ghly inmportant factars in det.ermni.ng the_struycture/conposition of the
final coating. Addi¥ildnarfiymats ag%?‘ﬁéégweé?% gﬁn&ﬁmﬁgpt he fi nal

coat i ng coatpeataderidhe functionality of the coating. Thus, because of the
mul titude of variables, nost of the usable industrial coating systens

devel oped to date ¢ : el i @ -and-error
experi nment al r_ocgg%ggs Q%%Q@IS%MQ?&éﬁgﬁﬁww%?}%f ore, there is
a need fSyfeBRT Bigphioach that accelerates the rate at which functional
coatings are generated and studi ed for various nmanufacturing applications.
fThus ’ egb;)ﬂi nrenth s F\tz)g ?H@Q_sdh'é?_ﬁﬁmiaérglﬁ%ﬂhl? &We%@}zﬂfﬂ%oﬁ!&ﬁlﬁﬁ?ﬂ&?ndt get hods

or hig r,Qu .icatign .and anal ysis o n array of coate

nat er i albg{ngg%%'gﬁﬁg%ﬂﬁ‘ata%ﬁmmﬁ E‘PS‘E}Fcettﬂé‘eﬁP‘g@Sﬂ a'f“ﬁ YigHnathere is

pr ovi dedlebvery area;

Fig. 4 is a graph of a thickness profile distributed across a dimension
of a delivery area from a normal, focused set up of the delivery mechanism;

Fig. 5 is a graph of a thickness profile distributed across a dimension

of a delivery area from an angled, focused set up of the delivery mechanism source;

Fig. 6 is a graph of a thickness profile distributed across a dimension
of a delivery area from a normal, off-focus set up of the delivery mechanism source;

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;




system for high throughput fabrication and anal ysis 8% Maicta?003y of coated
materials includes a plurality of coating materials, a controllably
focusabl e delivery nechanism for delivering each coating nmaterial of the
pl urali f ating materials to a delivery area, t l Lvery mechani sm
has a p%‘%%ﬁs_y of sources, each source of the plur al%ﬁ@fmz’g{our ces

associ ated with a correspondi ng one coating material of the plurality of
coating materials; an adjustable substrate supporting stage; a substrate
supported on the stage; a mask that is novable in and out of a line of
delivery of coating materials from the focusable delivery nmechanismto a
substrate support efli08itN6, StPIEa cArtif I } . of
instructions to conltgr ols eg%ﬁ sou?ge, g%é@r%%dﬁyﬁggﬁ%{%@% it rol

delivery &f coating material to each of the delivery areas to forma
coating library of varying thickness distribution profiles across
respective delivery,a ; lglugkg i . t coating materials
deposited onto a sg .Jd?lgtﬁge p%%r@%b%eteﬁggélﬁgﬁte&ax&é&tem of one

enbodi nercombmatorieldontingaystamy ay of coated materials includes a plurality of
organic materials and a delivery mechanismfor delivering each of the
plurality of organj teti.al el.hver rea. e delivery nmechani sm
has g plurality ofF@bgﬁﬁ%gédp?éc Bfgas@%%}ga‘%bé%“f&?’?‘ﬁ‘?ﬁ"‘-‘ﬂz@f‘zﬂs‘ﬁé‘r"& 2005
corresporig.ig; one of the plurality of organic materials. Each of the
plurality of sources provides a thickness distribution profile of the
correspondi ng orgapi c.,.material at |east partiall ositioned in the

del i very area, vvheiF11 .legtlsFg@g@%&c@a%?mPﬁ@oﬁﬂ.‘g&%@gﬁ@ﬁaf%t ribution profiles
vari es agbmbinatofifl cdatiigegstymar ea. A nethod of one enbodi nent for making an
array of coated materials includes providing a plurality of organic

materi als and sel egtivel delivering,each of the plurality of organic
materials to a def?‘@eﬁ&’sgp@é'.w @r@%ﬁh?wéga@@{aiﬁl SO y of organic
mat @1 al ehabzed it HeG sfMpsipri bution profile at least partially
positioned in the delivery area, where at |east one of the thickness

distribution profjles varies across,the delivery area. BRI EF DESCRI PTI ON
OF THE DRAW NGS Filjg- 1t if 8 top vigrf pesoptingdibiy formed usingsthe mask 91848 naki ng an

array of j3¢pmbkneenTBtBEi@lMd Fig. 2 is a schematic diagramof a coating
library formed Tfromthé systemof Fig. 1;

Fig. 15 is a side view showing the cross-section of one embodiment of

a vapor deposition combinatorial coating system.
15 DETAILED DESCRIPTION OF THE INVENTION

Referring to Figs. 1 and 2, a system 10 for making an array of coating
materials that form a coating library includes a delivery mechanism 12 delivering one
or a combination of a plurality of materials 14 to a surface 16 of a substrate 18 to
form a coating 20. The substrate surface 16 has a plurality of predefined regions 22

20 that are positioned within a delivery area 24, which is preferably at a fixed location
- 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
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
25 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

4




Fig. 3 is a schematic diagram of an envel ope of a vapdMardt2P8t eri al bei ng
delivered froma delivery nechani smsource to the surface of a substrate
within a delivery area; Fig. 4 is a graph of a thickness profile

di stri bylaa oss a dinension of a delivery area fr ryal , focused
set up of tﬁ%ﬁgelivery mechanism Fig. 5 is a graph Jgﬁgﬁ?ﬂ?%gﬁess profile
distributed across a dinension of a delivery area froman angl ed, focused
set up of the delivery nechanismsource; Fig. 6 is a graph of a thickness
profile distributed across a dinension of a delivery area froma nornal

of f-focus set up of the delivery mechanismsource; Fig. 7 is a graph of a

t hi cknes 4 ' ' F - 0] AR NS4 Lvary area from
an angl eg?ﬁ%ﬁ1?4®8&5§?M%f%%g é’ﬁ?@é?@ ?}heéc)ﬂ%rﬁﬁé(rﬁ?p%%ﬁrﬁég; Fig. 8is a
si de vi ewpatihgoienelndm disingletlayef coatingoofining af the pltalicoaft materialsshdst em havi ng t wo
opposi ng _del i ver ources; .:3.29 rch 200 .02/ 28522 PCT/ US01/ 21321 Fig.
o P o L e 1 e KGR PRl AR P SR AR BN of Fig. 6 Fi g
10 is a petiageicio/d@clyiagsy i0bnewlthepNizality GEMbteAdls;and & Ed@ipls lag@nbi nat or i al
coating system 5 Fig, 11 is a.top view of a coating ljbrary formed from

t he Syst EFAHBE, Whereach @gyerps grombjnation gr We RWFHLY & RS AdHIoRAbE her

enmbodi MRl spdterR 10 GRAYRIAAL 2 tdafl 35 bnARNRYRInGh Qontr%ﬁ?ﬂz%t@ top view of a

mask having” a plurality of patterns, as nay 10 be utilized in the system
of Fig. m@mmﬂegvermf the materialp 14 foedifferentgombimptiong of ih pharality of med using t he
mask of Fi E ' : L) ' si de view

show ng F"lr?gefgl r ége -ldsﬁtsa%??og?il%%%ﬁ {(?r%ggygﬁgl%g?éné% &gﬁgf%@vTailég}’gt%%g%si tion

conbi nat omay also inchitde aguringsbwne 34 for BirhglthaihrBRSORRE AN 1 QFeithtias] NVENTI ON

Ref ﬁf r nﬁae;[r grerleglsg 'del}ve?er&% ﬁfe s‘?bsi?r}{t% tlg g‘r &n%e tch%gr han‘%l%cgg dc%rcl)si?erdro%){he()f coating

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

analytical tests on the coated substrate or coating library 28, to determine the
properties of each of the plurality of predefined coatings 30. The mask 32 may be
secured by a mounting device 35, which optionaily may movably position the mask
15 within the system 10. Similarly, the substrate 18 may be secured by a holding device
37, which optionally may movably position the substrate within the system 10, Thus,
the present invention provides a system and method for manufacturing and testing a
coating library having an array of coatings established from a plurality of materials

simultaneously focused, or focnsed in parallel, on a substrate.

20 The delivery mechanism 12 is configured such that each of the
plurality of materials 14 may be simultaneously delivered, or delivered in parallel, to

the delivery area 24 from a variety of angles. As such, the delivery mechanism 12 is
positioned or focused so that at least a portion of the delivered material reaches the
delivery area 24, as is discussed in more detail below. The delivery mechanism 12

25 may be a single device, or it may be a plurality of individual devices each
corresponding to one of the plurality of materials 14. The position of each of the one
or more delivery mechanisms 12 is preferably fixed within the system 10 relative to
the delivery area 24 and relative to the other delivery mechanisms. Preferably, the
delivery mechanism 12 projects each of the plurality of materials 14 to the delivery

30 ‘area 24 in a vaporized or atomized form. Suitable examples of a delivery mechanism

-5-




materials that forma coating library includes a del 2%Mach#03ani sm 12
delivering one or a conbination of a plurality of materials 14 to a
surface 16 of a substrate 18 to forma coating 20. The substrate surface
16 has ity of predefined regions 22 20 that b t.b.oned within a
deliver3mgrggﬁg4, which is preferably at a fixed Iocgﬁﬁgﬁﬁﬁaﬁgﬁin t he
system 10. The delivery nechanism 12 and/or the plurality of materials 14
are positioned to simultaneously deliver, or deliver in parallel, each of
the plurality of materials to the delivery area 24. A controller 26
controls the selection, quantity and sequence of delivery of each of the

pluralit ' Wi?tt!r o coating 20
may var yﬁgﬁc\;ﬂ\e@%@%@h&éﬁ? ﬁ%ﬁ%gl 0 4 gg‘:hgag q?ﬁg&%&dggttrg%fngf’ g%fra%ace 16 to
form a ceabs, mghlas Hosy ysimgthydrslicioode; mieanieve br taliie felquenal (‘TRF”pf pr edef i ned
regi ons %Z.i s -4.29. March 20t05' 3_2/ 28525 PC‘tT/ U%O:L/ 2162%?coat ed wth one
of a plu ﬁlllYefX/mS‘fhaBIF@Efeaflilrl"Fela e el g*’s"agaf. “PRYE Kﬁﬂ ViR 1PSUERE pr edefi ned

coat i ngs spietifig; thigal/ectbif ke ehaposition Whtrnieal vaporaiepositiont(Q¥DY) ural ity of
materials 14; a single |ayer coatipng of a conhination of the plurality of
mat ¥ i al $Holeguisrpeammgniiaxy, plapma g AR n\‘:O?F?@P gepesition| ayer i s one of the
plurality of materials; and a multiple |layer 5 coating, where each |ayer is
a conbi nation of t1ie ikt bf in¥teAils MRInGR U@ InSrgadid HatdriRRahd Yrganik he system 10
may include a mask 32 in conmmunication with the controller 26 to permt
“del i ver y mpferialsdn wgrioup ptates; such as soligh, Hguid.easeonrnd; vaparizedfatomizedhe plurality of
predefin | QI kit Ve 3 i ings 30. The
system 1 t&ngg §a@%ﬁ%ﬁéﬁgg}éBgﬁ%rg%t%gdag%%srlgéem%zﬁ?%%’ acﬁﬁ’ ﬁégﬂ%ﬁg plurality of
mat er i al $xitlds, nidtiddsgmdaslfidé. Sniablaexemplss nfiorgeli¢ soatingd ingludehe substrate 18 or

once,t he ave been deposi on the ubstrate. Further..the system 10 may
Mneftde: 2obBYfir PFERGROBT skl wORahs B Shbl Bbfeub IRkt 2 Cont ed

S lﬁbst Ir at a?@bme@ ?iait fdaccziﬂt? ﬁfrﬁg}bo&&g. The ﬁglymemhmaeﬁﬂﬁ ingglﬁ@,rhﬂf dre ast of eagI h bof

the plurality of predefined goatj.ngs The nas may. be secured by a
mount | g LR o PABCAeREh G HUES FEIATE SHBPPBESPo A7 dehe Mok 15

W thin t hgryasehRdE Ad-vingl PRkl Ynd AR, PHABIINIALR fifai®brBRasiecured by a

hol di ng device 37, whi ch optionally may novably poSition the substrate
within t matesiplsinakidemrganiepolymerin majsrialsesyeh asiaechitperaly maplariglss a syst em and

met hod f Q.. i’ﬁﬁé ey %;ﬁ@t | ' havi ng an array of
coatl ngs(aé%‘{ggg'l%l S %ﬁlé @gt%ﬁ%g% u aﬁr%@tﬂgff&)nﬁ%rﬂi%a#gm@%m1 t aneously focused,
or f ocusespeciallpmchaling thermoplastis nbhemasatingiblyines. dédefevablyy theechani sm 12 i s

confi gur %ﬂjrzﬁllf)(r: Qf égr%;g.nice t%%griglg i:fcﬂ;ﬁe oxides. Further, the plurality of materials 14

preferably can be vaporized or atomized, individually or in combination, and directed
to or deposited on a substrate, where the vaporized/atomized material coalesces and

20 forms a continuous coating if a sufficient amount of the material is delivered to the
substrate. Additionally, the material or combination of materials may form a coating
having a plurality of layers, where the coating may be a multi-functional coating
having an overall function dictated by a predefined functional role of each layer. The
materials may be combined such that multiple organic materials, or multiple

25 _ inorganic materials, or a combination of organic and inorganic are combined into a
coating. Additionally, by providing these various combinations of materials, the
interaction and compatibility of various combinations of materials may be

determined.

The coating 20 is a material or a combination of materials deposited on
30 the substrate 18. These materials may remain as separate homogenous materials, or
-6-




plurality of materials 14 nay be sinultaneously deli¥@&Magch#05delivered in
parallel, to the delivery area 24 froma variety of angles. As such, the
delivery mechanism 12 is positioned or focused so that at |east a portion
of the ' d material reaches the delivery area i.s, di scussed in
nor e deg"g%@ég% ow. The delivery nechanism 12 25 may blgC%‘éUsg?l%iléfle devi ce, or
it may be a plurality of individual devices each corresponding to one of
the plurality of materials 14. The position of each of the one or nore
delivery mechanisnms 12 is preferably fixed within the system 10 relative to
the delivery area 24 and relative to the other delivery nmechani sns.

Preferably, the elivery.rechani sm 12. proj.ect C the plurality of
mat er i al $ieYAnRYFeRch At éﬁ%%‘ﬁ‘%{r@&“&‘ig‘fﬁﬁbﬁ‘%&gé‘gﬁ‘ thee or atomized form
Sui tabl e h%if@gme&ﬁ; hftertal Aehikties, ¥ coapshibsablerd. 26 rdntioied20608, WO 02/ 28522

PCT/ USO1/ 21321 12 i ncl ude; spr ay ?.Zél e orﬁgun 04' a%%g?jﬁe such as

ul t r asoniceatingi20 mayresiudela smgie [pyes g mglu‘ﬁ layetsc i geran 68 VA% hydraul i c
force; mighaVANRuR!:d 8StoBuldiaBHENRYost iBiduoe deltc vakiammakaNi Sms; an i nk j et

&
print head; a vapor deposition device, including sputtering,
t her fral / erasr than Altikdenesse o g arcasuref, the snating pormaLip the eSS theon (cvD), 5

ol ural |y BRe PR s BRER, St IR, L e i 0

mat er i al solnpositin, optvnailypinesontimols manss frou onk predefined greiaddde and

vapori zed/ at om zed material s, Suitabl X | Of_ ol I c coatings

! nol ude mEppeo thergby ferm &lf'eafr%"ﬁ%",agﬂ%z’?aég%@‘*ﬁ‘?%"?%‘é@,"fg%g&gﬁ?f i des. Suitable
exanpl es Qhtifs 966f the 66uling HBiGryi 23¢ Bacteofkle polywiesadtiogs ot digtngeishabland smal |

nol ecul es, where snmal |l nol ecul es are jndi vi c%u I rm?o rs thaé‘3 react to
forAPa cdiam eagh othieebased kel locshione Firthes At d@“em, Wt CHPBESIY M inmited to,

polycar bﬁﬂ@&e@s@duﬁd&? iﬂeis&rﬁcc dltiofPARInaIG RS BAG TiRShel %ﬁirfoﬁﬁiﬂﬁes'[ ers, alkyds,
a an

pol yur et fanes, vinyl polynmers and alike. Preferably, the plurality of
organi ¢  miatier b dirstiouat brusefubprgparties, 3l thencompaned withicaghotheg i a5

"ar chi te&%kjral "t elH'.aIu%.i derived fromorganic materials having

protecti eg}nnaélz:ebrrrg e 51 nctionality, especially including thernoplastic
or thernosetting polyners. Preferably, the plurality of inorganic
‘materials include Badhtdshe phurelithef predefinedtegions 22 i adxedrareer) Bes 14

preferably can he vapar. zed or at ol | NGk : \ 3 conbi nati on,
and 1ai rec%'@ﬂmtet’%fﬂmg"é‘ﬁf}gf’?eeo& agRm mzslti%gdtfrtﬂéa{bgll}rgl\ll/ﬁgﬂgl‘l%éﬂgg %/A‘é%ori zed/ at oni zed
material fpaahensRer ARtipklafe@toming Bahiof thepralefindtregionsiZ22 maydatd i ci ent armount

of the materi-al "is deljver to fhe . . .
any shape sufficient for recg\%ng and analyzing the coating deposited thereon, such

as rectangular, linear, arcuate, circular, elliptical, combinations thereof, etc. Each
predefined region 22 typically has an area in the range of about 0.01 mm? to about

20 100 cn?, preferably in the range of about 1 mm? to about 1 cm’, and more preferably
in the range of about 10 mm’ to about 50 mm?, Other areas may be utilized, and the
area of each predefined region 22 may be determined by the capability of deposition
and analytical devices and by a preferred density of the coating library.

The substrate 18 is a rigid or semi-rigid material suitable for receiving

25 and supporting at least one of the plurality of materials 14. The substrate 18 has at

least one substantially flat surface 16 that includes the plurality of predefined regions

22. This substantially flat surface, however, may have raised portions to physically

separate each of the plurality of predefined regions 22. The substrate 18 may be of

any size and shape, but preferably is in a disk shape, plate shape, or elongated shapq,
30 such as in a tape or roll. The substantially flat surface 16 of the substrate 18,
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substrate. Additionally, the material or conbination2dMapdr¥05al s may form
a coating having a plurality of layers, where the coating nay be a

mul ti-functional coating having an overall function dictated by a
predef i tional role of each layer. The nateri e conbi ned
such thgﬁdor%‘[zl ?pl e organic materials, or nmultiple 25 P?éﬂﬁ%sg%? materi al s,
or a conbination of organic and inorganic are conbined into a coating.
Addi tionally, by providing these various conbinations of materials, the

i nteraction and conpatibility of various conbinations of materials may be
determ ned. The coating 20 is a material or a conbination of materials
deposite i &1 ih MeTanRYf iARL N as separate
hom)geno%&%@@%{@@%&ﬁ&g%@2%73%3%41! %g%mv% 02/ SaT> PGI/ US01/ 21321 t hey
may r eactmmtoubowd im?, pefefablyen theirsnge of Srontilmmetobali’at cbo 28y m a new

honbgeneous mat.er,.al ,. a m xt ) | e a blend. As nentioned
above, t HEO™® R etr?%mfge%%cqf%é%égmamg%ﬁgﬂggg!cgl)ier or nultiple layers. In

general, coating 20 has a |ateral neasure, i.e. a neasured |ength across
the surface of theThedubstratet I8 mapheisedire withinfhesyrem 0 endnogifend | e a

measure of the coatin 0 |,.to .th r f Preferably,
each’| aydp thegdelivaryfrga g‘f F’f#‘?ﬁ dipg d‘“r’ﬁge %%é{h?%gl% d&@g" %/7;#1 1fngﬁeﬁjgforrposi tion,
opt i onal | ysiin heGaAYirkBUBYBoTBRAASIE, fof 4 ubbtenel findkebmnefpureloigaind 22 t o

anot her t'o thereby form an ar,ra&\é of coathrilga thatdggg' n&e_we plurality of
pr edef i netape, Shedwldingslevige 3f mepcldes (aRgPIN P Ao ABP ISP e array of
coatings &Qﬁﬁ%gfﬁt& BoHrShaRk %Matfsﬁﬁf&ﬁﬁéiﬁpé?Egﬁ{bl)bi@?ceﬂbinﬂidtmth’ | ocat i on.

Further, €acC the array of coatings may _pr‘%&ﬁ:syd urgder t he sane
condi t i onsllasdn theakliveerarew24d dn enathes sxamile, iheolding ¢exiee e’ MAE P52 ve t o
functional, or usef ul Ay B iVednBec®@ab a0t her to

det &P nePlEHOR Cbﬁéetﬁ%\ﬁ?%%%tl%#IIE@.aﬂﬂaghﬁg’P”}t%ﬁi@gPurzil i tye of predefined

regi ons 2mofoboreothidr ¥etatarigpe devict Hat cabfols dhestositipr ofithe plote relalé&iQi ng one or a

conmbi nation of the plurality,of erd al | e or multiple
| ayer coalip AgIveRALss 4 ﬁsﬁgc%fhﬁﬁgqr%ilgﬁiﬁf%%f %Dﬁusrg%é ‘?r‘%‘@g g@%ﬂﬂéany shape
suffici enﬁo@jﬁg d6AGEIT\ BéhtrdNdle prRadiitei Regidnk 82 omtawihivh thteptediadett arker eon, such
as rectangul ar, |1 '

| i near, arcuate, circular, elljptical onbi,nat i ons
t her eof , eliveretiabor expmpleidhs goatiolles 46 513y Jve @ﬁihe@ﬁﬁ#%}?&@ﬁ??rgg?@g in the range
- of all%OUt gfe&’ejferﬂiriﬁ%dtoﬁesa&%tplurality of predefined regions 22 are outside of the
delivery area 24 and therefore do not receive one or more of the materials 14.

The delivery area 24 is an area at a fixed position within the system 10.
The delivery area 24 may be of any shape or size and typically, but not necessarily,
substantially corresponds in shape and size to the plurality of predefined regions 22
20 on the surface 16 of the substrate 18. However, the plurality of predefined regions 22
may be much larger or much smaller than the delivery area 24. The fixed positioning
of the delivery area 24 provides a known, constant locale for the system 10 to deliver

the plurality of materials 14 and the surface 16 of the substrate 18.

The controller 26 is a computer system having inputs, outputs, a
25 memory and a processor for receiving, sending, storing and processing signals and
data to operate, monitor, record and otherwise functionally control the operation of
the system 10, The coniroller 26 includes a computer system having an interface
board for integrating all of the components of the system and a motion controller for

controlling the movements of the mask 32 and substrate 18. The controller 26 may
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20 100 cnR, preferably in the range of about 1 m2 t&° ¥s&2005cn2, and nore
preferably in the range of about 10 nm2 to about 50 mmR. O her areas nay
be utilized, and the area of each predefined region 22 may be deternined
by the gana % ity of deposition and analytical dew&eﬁus%/gl a preferred
density of the coating library. The substrate 18 is a’rfgid or sem-rigid
material suitable for receiving 25 and supporting at |east one of the
plurality of materials 14. The substrate 18 has at |east one substantially
flat surface 16 that includes the plurality of predefined regions 22. This
substantially flat surface, however, may have raised portions to physically
separate £a f th substrate 18
may be ofif ‘éf{‘]? }(l%)gr%afﬁ élﬂnlbé(}/at%z{u{i% ?ﬁdsr%ﬂdéoqgép 312%% R ape. plate
shape, orm@hmgﬂ,taad a@hﬁplefor fintiag dlforamtiom ﬁetcatptmlbﬂfrmw incl@ige substantially

flat surfage 1 substr 7 29 02/ 28522

PCT/ USOL/59 ?E’q@ ﬁ%‘ﬁ?rﬁgfﬂﬁlB%FWémﬁaelc?W%WMg?lg&;m%g‘%tf% cally has an area
in the rapgaig thahrith 1, THEEodtwllatiButaybeakinglerdeties, abliynaybethe range of
about 50 "m® to about 750 cn®, and_ nore S’Zeﬁfder ag%%i)rlln t he range of about 1

cm fo anﬁmhtseédqyweswormé%mgﬂ akhs CQHTOHEr 268 PELERRE Wi thin the system 10
and posi tl,oiadic gu,dnwhhm di‘%le'o\ﬂf‘e& YorRfoRgnt 4 thysykiom 1I0011ndluﬂlﬁg device 37. The

hol di ng devi ce may novab position the substr e 18. gﬁr exanpl e, for
a subst ratehverﬂmﬁchamhm lfldhmléfahﬁfrpf@latﬂﬁ@]étlédhc fubpieate § @CI‘R?PIS g device 37 may

ncl ude 3,{ apGe BANGOH! il VL1018 hARGIRKSviR 35 dRY e Bollgt are both

rot at abl €% support € tape€, possibfy in conbination with rollers,
in the deleviceBy, tacoadizde the npeativhhefithesysipl &or expmplecthelrangroli®vi ce 37 may be a

10 plate o ch the bst r.at I WhgifEchhe plate is
conﬁ@ct eOCOPE‘\;Yg\{h Hﬁ‘f"&W% ed’f‘ﬁ??a?s t8?1§a§f1§s%g%y poq%’ﬁglﬁ%gg%ﬁ%t coﬁitltrlol spt he

posi tion gfmdidialsthabkd xqitﬁéboaﬁngaeadﬂ‘;eedéﬁhad\reglw aBycongdilingthesuch, the
controller 26 nmay control the verrent ‘g_f hol .di ng deV| ce 37 to control
t he prededolinas th%‘é’i“ﬁ?i?‘?@yﬁ?ﬁt’i? O € HOFH tl?‘Pa‘P%f‘ri'aél %lmfﬁ e delivered. For
exanpl e, éo?rﬁagfaﬁ&ﬁ 6f%altﬁ'fa152&e echP/foviet She@histipngecdemt p@;eBﬁv@ uch that 15

predet erm ned ones of £ allty of predefl ngd regi o 22 are outside of
the dehmgleythasmamghetwnw ¢ deliverymeechryissand thesubsistey HB‘F re of the

|alsl Ads afd fdcx@gmgosi tion within
t he yst et 4%“% Wg%@%ﬁé%%ﬁogﬁ(gé%dﬁﬁ&eéaﬁﬁbl asny shape or size and
t ypi cal | ydeliety andduring obthe dehvlelged materials, the testing of the coating library, and

the analysis of the test results.

The mask 32 is a material having one or more patterns of open areas
and blocked areas, where the open areas allow delivery of the plurality of materials 14
20 1o the substrate 18 and the blocked areas block the delivery. The pattern may be in

any shape. The mask 32 is utilized to define the spatial variation of materials in the

coating library 28. In a binary masking system, for example, the mask includes a
plurality of pattems that are sequentially arranged to allow delivery to alternating half
areas on the substrate 18, as will be described below in more detail. The mask 32

25 may be positioned anywhere in between the plurality of materials 14 and the substrate
18, including positioned directly on top of and in contact with the substrate, atong the
line of delivery of the materials. By increasing the spacing between the mask 32 and
the substrate 18, an effect called “shadowing” is produced which may be undesirable
in some instances. In shadowing, the pattern of material delivered to the substrate is

30 proportional to the pattern of the mask, but larger, as the spacing between the mas!c
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substantially corresponds in shape and size to the p?%%ﬂr?h%poéf predefined
regions 22 20 on the surface 16 of the substrate 18. However, the plurality
of predefined regions 22 may be much | arger or nuch smaller than the

del i ver Yyy$:83s,44- The fixed positioning of the deliy ﬁuﬁﬁffﬁz 4 provides a
known, constant |ocale for the system 10 to deliver e plurality of
materials 14 and the surface 16 of the substrate 18. The controller 26 is a
conput er system having inputs, outputs, a 25 nenory and a processor for
receiving, sending, storing and processing signals and data to operate,
nonitor, record and otherw se functionally control the operation of the
system 1Q r JePGlHASS %Hmiﬁ' | an interface
board forang%i{égarg?%er?ghgﬁheggl‘tcﬁkgpconpgof%ﬁ S OP?%B%&%?%@@E}@S?% ga not i on

cont r ol | €fhefnmask 3Zmay befdrinadjof dvigidronsemirigil nufteriahor theshasBmaghela subst rat e 18.

The controll er, 26 -8 2 h_ 200 2/.2 321 include a

keyboar d 891@%@«{5?%&%%032%&&%38&5%%\Sﬁ%igraély&g%%agg%{og@ %ar%ﬁdi spl ayi ng

i nf or mat i ipdresatdd thd nitisk M a8 flaf Brpogsiblairdresistabending tidior foltlre. Soitdblol | er 26 may

i nclude software, hardware, fjr re,.and other simlar.conmponents and

ci rcdi t ryexpgples @MﬁﬁWaFH@lWémﬂﬂ%uw’m?%ﬁﬂ glﬁﬁslrp%rrn%orrmy be a single

devi ce, P . | hE DB VIR kdhdridioconcert. The
Felalhely Boh p@g@g%ﬁ&ﬂaé} pldstiosOthetHI8 WhE Aoy YRSt gidlo

controller )y in” comrunication"with all”of the other
conponentslativelyt brodahle materialo in thefirm @f sheetsHims gefoilgangd lithegmalitsm 12, the
plurality_ of o s r - d podi curing
source 34£°?¥aﬁré%%e§§%l?ﬂﬁ%\é§?/ﬁl éljeﬂgrfg, le%ﬁﬁg&&eﬁ/%gtzve 5 g(r)] t he hol di ng
devi ce 3Tchehmitalanmksli nate t he operations of the system For exanple, the
controller 10 controls the delivery of the materials to the substrate,

recqrdi ng the exact, combiaatiqn . of | [ﬁap’f un st he coating at
eacﬂropredefi ned re %IHQSJ%Q?; %ﬁ}ers%ﬁ%fcld%{hﬁﬂgggﬁteﬁ\%ry, ?Hg%gontroller may
fﬁnt rol qe?tiwto my@ﬁ@ér{mezmay ehic ingthun iy dm'?[aﬁ 38.1Ehe mmni_ﬁhgldd:vii@rBlSof {Tﬁt erials,
e projective power, the co spee e ecLi e ngl e, e spacing
bet ween tfﬁﬁf@%Wag]x)’é}%m%gﬁé‘?ﬁs‘g&\#'ggﬂﬁe@ﬁ"f‘@ﬂ%ﬁﬁs"tr}l%{‘gé“}‘ﬁ?g\f(?fﬁ’sq%iaﬁg, 15 etc.
Further, d&@.c@Mmitidi®hatfaldRihs 8 bRralibysrpatiand, IRmouneapdevas 3and records the
delivery and curing of the delivered materials, the testing of the coating

library, madncludes @peapaysius deiceranéa iape take-up device thatigee BRRIPEEDIG s o materi al
havi 139 ONfhaWat HR)BSH ﬁ%ttﬁp%f ﬂ:ﬁsiﬁlfy if? BSthbiftti6f With rollers, relative to the delivery

area 24. In another example, for a mask 32 in the form of a rigid material, the

" mounting device 35 may be a platform or other supporting structure connected o a
motor or other actuator-type device that controls the position of the platform and
mask relative to the delivery area 24. This allows one pattern or a number of patterns

20 to be utilized to mask different predefined regions 22 on the substrate 18 by
movement of the mask 32. As such, the controller 26 may control the movement of
the mounting device 35 to control the predefined regions 22 onto which the materials

14 are delivered.

The curing source 34 is a device in communication with each of the
25 plurality of materials 14 to cause a reaction or a solvent evaporation with one or a
- combination of the materials. For example, the reaction may be a polymerization, a
cross-linking reaction, a small molecule reaction, an inorganic phase reaction, and
other similar reactions appropriate for the delivered material(s). Suitable examples of

a curing source 34 include a heating device in communication with the substrate 18, a
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and bl ocked areas, where the open areas allow del i vefMrch¥WSpi urality of
materials 14 20 to the substrate 18 and the bl ocked areas bl ock the
delivery. The pattern may be in any shape. The mask 32 is utilized to
define Ghgepeabi al variation of materials in the coafl | ry 28. In a
bi nary nas%?ﬁgasystenl for exanple, the mask include?kg%ﬁﬁpﬁgg ity of
patterns that are sequentially arranged to allow delivery to alternating
hal f areas on the substrate 18, as will be described below in nore detail.
The mask 32 25 may be positioned anywhere in between the plurality of
materials 14 and the substrate 18, including positioned directly on top of
and in.contact with the substratg,  al.ong the line of. delivery of the
nateria|smd@vmﬂkwweatwwgﬂwﬁ%ﬁgbaﬁbﬁﬁdﬂ@&%@éﬁ“ﬁﬁ;‘HQEQEQ?“ nd the substrate
18, an ef f ech,icalliod washaaRe iRt OscoRbaIaS tiewotbe undesirable in
sone instancés.” I'n shadow ng, the pattern of material delivered to the
substrate is 30 proportional_ to the pattern of t@gg | arger, as the

) . sk, hu
spaci ng between th mﬂmg—@WZQ:’%ra@ﬁSt%ﬁEW%% %%WF@_ 01/ 21321 and
the substraf ﬁtg'la h@%\cﬁit%‘gf‘pr yk‘lﬁég%@ﬁ%g% 5918 shitres N8NTheeiting devics eaches the

substrate: ma d of arigid or sem-rigid material, or
the mask Beyubjeetsthe antirendoetinlg fboarndlitoghe same codifiensdn epdentp determas r at e.

Pref erabl y, e material qf ' : t elgﬁ&é(is as flat as
possi bl e é‘ﬁ&etlgggip WB%%%&%%&%@P%F@%%&& té)bng%é exanpl es of nask
malt erial fdémlsugﬁhgaﬁﬂmwons&itﬁ th@ebn:m]ilazl_% amokder ta sempilerand pgalyreo ][
relatively non-bendabl e nmateri - sti ys for

sem -ri gi @ewtdﬁ%lﬁﬁtﬁ%FV@W&gﬁﬁéﬂ%&c? g‘?g‘cﬁlﬁé ?h‘gc@gbgﬁfdﬁfl&h eets, filmns
or foils; sﬂ'ﬁge Ar%ag)gaga@mh Giold PTUMEY hbsbibhice (s atchnesisdnbe fesieh e cal

mat eri al s that rm negative and posjitive 10 The mask 32

; . chem cal  masks.
may We seeperawehilityfiesierand othprgimpardevigssdhal st ’{*"FIHWE‘HmhrpéqS{?fiiv?fe to the
delivery area.24 ' Vi Ghtige- The nounting device 35 may
novabl y pgc'l0 Pg?la'woetﬂérilms %fe?:%lr'eggxarrplgié for a mask 32 in the formof an
el ongated sem -rigid material having a El urality of Igattﬁrﬁs, t he nmounti ng
device 35 may i nclRederiag todiie 3pasourse 8 able deliventofdhs BYendSE@m 1, devi ce t hat
are both rotatabl e 15 anda,t ; teROSH iRl Wapdrize®bi nati on
with roll Wﬁﬁ‘?"'@f’gf? Blswgztdgtg&eg#@g@%phgaﬁg%ggﬁ? ° n anlotah_gﬁr’ exanple, for a
mask 32 i gy ith@QizbOstare &fithin i egidopral0dinat pleferabieencompassesiky debiverrare85 nmay be a

pl at ];50 rm % inoérgéarrto ggtgﬁ%ggt}ng%o%re{g% LS e%?u%n(%ﬁ%eerg atel. Phe source 12 is

the point of exit of the material from the delivery mechanism. For example, the

source 12 may be the nozzle on a spray gun. It may be desired in somie cases,
however, not to have coating coverage over the entire delivery area 24. For example,
the envelope 40 may only encompass a portion of the delivery area 24 when a portion

20 of the predetermined regions 22 of the substrate 18 are not to be coated and a mask 32
is not beiné used to prevent delivery of the material to those regions. The envelope
40 may be of any convenient shape, including: conical with various cross-sections
such as round, elliptical and rectangular; semi-conical with various cross-sections;

: and a thin line shape. The shape of the envelope 40 may be dictated by the shape of

25 the delivery area 24, the shape of the surface 16 of the substrate 18, the delivery
mechanism 12, the desired composition of each of the plurality of predefined coatings
30, the shape and number of the predetermined regions 22, the number of sources 38,
the number of materials 14 being delivered to the substrate 18, and similar factors.
The shape of the envelope 40 may be controlled by the shape of a nozzle onthe
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nmotor or other actuator-type device that controls the Nesgh3®& of the
platformand nask relative to the delivery area 24. This allows one
pattern or a nunber of patterns 20 to be utilized to mask different
predefi r.eqgions 22 on the substrate 18 by novenent,of the mask 32. As
such, tﬂ‘g%cz'ggg?ol |l er 26 may control the novenent of PthZUSﬂifﬂﬁfli ng device 35
to control the predefined regions 22 onto which the materials 14 are
delivered. The curing source 34 is a device in conmunication with each of
the 25 plurality of materials 14 to cause a reaction or a sol vent
evaporation wth one or a conbination of the materials. For exanple, the
react i on jaRNE DG e dhaR@I RS a?n%!sﬁf&u%@sso&ét@éﬁith \tﬂéiﬂbﬁ'&gf RBhahioh; o2 Smal |

mol ecul e reaction, an ihorgani c phase reaction, an other simlar

r eact i ondy afier dpps-defmifgstructines omleviges assbofatadayitheihg dolivegunachtisn.exanpl es of
a curing source 34 include a heating device in conmunication with the
substrate 18, a -1 / Jomdck 3gadi ati on
devi ce i n conmuni C}gefflgxgiﬁg/\?mor]ﬁgs.?%@%W?gﬁgﬁ%&eggéﬁgﬂ#@t he 3§posi ted

mat er i al $has apotitefdway 42 fbedeliveringthp naenal deeincilingvdthcorebienpaificids t her eof .

The festi evice 36.]S.a Syst for.an | ng, t he rf,Q ce of each of
t he %I ur QE&’F%%W%?"%&' ?%&0 B%ﬁ?ﬁB%S‘%RS“’@W%WQQ‘E%‘E?’?@I a&)g;.ggThe testing
device HeB@rpaiatvhghltentalihd 465ubaaitalig prpfiidiviler R8hé surfabeofthere condi ti ons
in order to determne the relative perforpance of each, one of the
pr edef i ndglieantphdbatdes cemsepainidt ﬁﬁgﬁﬂ’é\ﬁ’ Eig- 4dhg %mslsﬁeﬂﬁ?ﬁauni cation with the
control | gicigfisd glof £dg Eﬁﬁgomelﬁn@tﬁﬂm@ﬂ@tsﬁaﬁs i GtetaBimef@bRor SUi tabl e

g de

exanmpl es of a testin I ce 36 Include a thickness gr_ofl ler, a surface
anal yzer Fign) of the deliverylaeta 26 of pegating dadivorsa fiom the setup obFigch #ikh resi st ance

tester, .ner bility f L ' t hat test
arch?t ectjﬂgﬁrcgelh, e%ggﬁ%%ts?bﬁé?ﬁ‘ﬁ%ég%% Ive?%ﬂ%‘bg@ %gar B?&%getqﬁégﬁg?eaf eatures of a
coati ng. tyaéaaly hadw2-dimenbignal Sybstantiatly Gressid oo hiomiabdigeibutianr Thef the material s
from the .deliver hani sm 12 delivers.pne af .the pl.ural ity of materials
14 in a VEpGEFSRE leggﬁ'ﬂeg?ﬁg]@c?n@%%qmcﬁﬁ?g%ﬁ‘%ﬁﬁe t‘%ib e‘%l(?bf)%%t preferably
enconpas §esechRLpslfl 44y RItY tvaf @@allBirdA-imfpeaaithed4 dn@actside df tioat i ng cover age

over the entire delivery area., The__sogrce 12 is t hgqj’%i)i.nt of exit of the
mat er i al cERtewkine. neurgher, thespyrondfoin apnitdoned plgy vegicghspreing AGIHER 12 may be

- the 0ozzl ., 009 3r $iRUaWeE e J4L(FIFRY). BBe VE5ibA1 Sphctd 6OANBCIE RS Bstal
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
profile 48 is centered within the dimension 50 of the delivery area 24, the thickness

being largest at the apex 52 and gradually reducing in all directions from the
- 20 centerline 46.

Referring to Fig. 5, in an angled focused set up 55, the source 38 has
the point of focus 42 for delivering the material 14 coinciding with the center point 44
of the delivery area 24, however, the source is positioned such that the centerline 46
of the material is at a delivery angle o between about 0 degrees andA about 90 degrees

25 relative to the plane 49 of the delivery area. Further, because of the angled but

focused delivery, the source 38 is located at a horizontal spacing distance 53 from the
center point 44. The horizontal spacing distance 53 is a distance in the plane of the
source 38 parallel to the plane 49 of the delivery area and spaced away from the
normal focused set up position. The horizontal spacing distance 53, vertical spacing

30 distance 60, and delivery angle a are all mathematically interrelated and may be
-12-




however, not to have coating coverage over the entir@9dareh2007 area 24. For
exanpl e, the envelope 40 may only enconpass a portion of the delivery area
24 when a portion 20 of the predeterm ned regions 22 of the substrate 18

are not oated and a nmask 32 is not being use [ nt delivery
s I,

of the ertral to those regions. The envel ope 40 ma y conveni ent
shape, including: conical with various cross-sections such as round,
elliptical and rectangul ar; sem -conical wth various cross-sections; and
a thin line shape. The shape of the envel ope 40 may be dictated by the
shape of 25 the delivery area 24, the shape of the surface 16 of the

substrate 18, the deliyer mechan sm.12, the desi anposi tion of each
of the plvﬁﬂ%ﬂ'i‘)ti’?m'é‘?n%?M?*Bw%ﬁ%@(‘iv%’éaleﬁﬁ?"%‘éreas#gg’g%ﬂﬁd nunber of the
pr edet er g pedindeROihe AScldidss Prétie B8RRI dishirtcd GauGRM dftbutibherithunber  of

materials 14 bein elivered to the substrate 18, ang.simlar factors. The

d ] .
shape of itlct}uf@e@tﬂilégébéﬁ@thﬁrﬁ?}ﬁ#égc?@ﬁ@?SIIOP%?EFdH?l ?Wésst & BeY °Mozzl e on the
(1129 Mapel @005 Metisnna BRES BRIy & kidiolonabhy wiRaBani sm 12, by an
air shroud associated wth the delivery nechani sm or bg ot her
shapg- defprofilads sdries sitbatastiallyinchslyi withsthe ngth plong thevhimensionolddhysyer y
mechani sm _Ref er

[ to Figs. ,3: My : set up 41, the
source 38" ﬂﬂ%&aseaﬁﬁg%ﬁ]fmfﬁpr 686@ Isffﬁ&?rgefd \Jggﬁu?t\l/lgglﬁﬁr%&to gﬁﬁttﬁéelri al 14
coi nci di riglivéry hre@24; et Rickypes teingldrgbst odwardithe emd ofites dimension I@#ingThe source 38
is positioned . tqg direct the materjal 14 al on delivery apgle having a
centerli r’f@e’418111?9%k%@ﬂﬁ@?n%&%@m%%?rﬁ?hetaggi %etogﬁ?dftg%%&égfoi:@ﬁe del i very
area 24 %Eﬂg&@ﬂ&g&&@te%eﬂebng&iewﬂ@sng to Fig. 4, the cross-sectional
t hi ckness profile 48 along one of the dinmensions 50 (such as the |ateral

di mension of Fig._3) of the delivery ar 24 of oatin | ivered from
thel8et-up of Fi g.Rg),eerRELt‘hFIE il F‘\P@gﬁc tw %” @’tﬁlﬁg‘frﬁ%% Bly

per pendi int i hhgridield pesifivnedaih offdeydibteddelsy has a

2-di mnsﬁgéngqmtsogg@ﬁﬁ?fogp i}égG%éJ%gi annor r?or IT&I|1 di stribution. The thickness

profile 48 therpmebbthe delivsryareadfeatorpthedmension Hfrom the cemer ROy | i ne 46 above
the center point 44, with two ugl . Jarr i iil,s 54 on each side of
t he cenﬁ@rﬂﬁ? Hichl vé?’fettﬁn%?e,meflﬂ@@g%% Je @Ws%éowtg{l@gyat a vertical spacing
60 rel at i pagheh@ciiiiGo e iMndae of e atliveRcareledd; theoffsadisanddsqisi g. 3). The

i 60 affects the total, width 51

vertical s am_ng . g)ég thghthi cklness profile 48
and i6her eﬁlﬁgstmﬁlé X eAuévairasts ﬂéﬁ‘h"Pﬁ@f‘t@éﬁaﬁn}@f © SQe from PEHE al ong the
thi cknes s, ;0] iet fip flisitoh iyl 4)0 hisoT 1S thaf e bélhtof Gane foralielively ckness

mechanism may be positioned within the delivery area or outside of the delivery area.

‘Thus, in this case, the thickness profile 48 is offset within the dimension 50 of the

delivery area 24, the thickness being largest at the offset position of the apex 52 and

20 gradually reducing in all directions from the centerline 46.

Referring to Fig. 7, in an angled off-focus set up 61, the source 38 has

the point of focus 42 for delivering the material 14 positioned at the offset distance 59
along the dimension 50 from the center point 44, where the centerline 46 isata
delivery angle o between about 0 degrees and about 90 degrees relative to the plane

25 49 of the delivery area 24, In this case, because of the delivery angle o and off-focus
point of focus 42, the horizontal spacing 53 of the source 38 from the normal focused
delivery point is greater than the offset distance 59 of the point of focus to the center
point 44. Thus, in this case, the thickness profile 48 is even more distorted within the
dimension 50 of the delivery area 24 than the set up of Fig. 5.
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profile 48 is centered within the dimension 50 of th&° Mar¢h05 area 24, the
t hi ckness being |argest at the apex 52 and gradually reducing in al
directions fromthe 20 centerline 46. Referring to Fig. 5, in an angled

f ocusedyzfh 55, the source 38 has the point of f for delivering
t he naterlaF&?ﬁ coinciding wth the center point 44 q%#ﬁFﬁéma§1ivery area
24, however, the source is positioned such that the centerline 46 of the
material is at a delivery angle a between about 0 degrees and about 90
degrees 25 relative to the plane 49 of the delivery area. Further, because
of the angled but - focused delivery, the source 38 is |located at a

horizontal. spaci ng dbsdRe@s ms of FREA I %he E@éftﬂ%ﬁﬂme‘séélgroﬁﬁe hori zont al

spacing distance 53 is a distance I'n t.He pl ane of ource 38 parall el
to the pl4&ndthirghedeliviey agesl 2dwall yarydepending os fhecedicalepyeifig @hbetkeen nor nal

f ocused f Ll ' .S 1.0 .St anc verti cal
spaci ng S&#‘E? ggf(?é&et%,ﬂe g%tg%ag@; f\llléér%gstegﬁté]l lgggasggsé)g‘élﬁé' ﬁﬂ&lﬁgﬁﬁet ically

| nt er r el dlatrdssafitherthigkdees profild 48 %vilMbare vitRinQhe IMBVER /47832 AeftadingloR 1/ 21321

igd t i tion the thi file 48 within the deli 24. |
{55 enienan Suih e oot e ngo o dfoced e el s, an

di stri butficgleiahd grdhter thoBbrizdfE! dpadihg £ dFQMtarkOwilBeBRE RS 38 and an
el ongated tail end 58 trailing away from the source. Wthin the el ongated

tail 58 iflatnessyFerexample, refayrins{ofie fhe Hickpess profided® mayheof i | e 48 varies

subst ant izald¥ yr}ﬁ@ ] : tj%kg& | L.on 50. Thus, in
this casemf’i’d 1%%{“ hi chntgzlsM%P%H]@eé |62V%§%g?%g@h%t P%%t he di nensi on 50 of
the del icombipationed deliveryt duglet hvirizkmialspacireg and offsat distanca. dMih closene end of t he

di sio [ i.ngline ajd . nd_redyci | n thickpess fromthe
aper'Tg(51 52 ? %g&%ﬁdﬁ%gérgglﬁéhl%eﬁsﬁgomﬁ%&% e%sé?nrd%sogg%a‘#eﬁ&eq 8“’?2 el ongat ed
tail 58. nik§ ghadhalyrdhmgpetfonta Brgefi thitknesynt theraped 5206 fa-sinallessthikhestp 57, the
source 38

as, th i nt .of cus. 42 for_delivering,the material 14
posi t i onébttﬂﬁfdgﬁﬁf’fgp‘?g@’c"“ﬂ?%?{}ﬁ%‘ge?@gy ares F‘f‘?ger?h\{%ﬁé*"%f“gﬂﬁgrﬂel ivery area 24
al ong thﬁaﬁh%?@;%bt@zﬁﬁaﬁ? chis@it thitndz€R1d8SireR 9 that thd thicknbsstvilisble@ne, where the
centerline 46 is-at a delivery angle a substantially perpendicular to the

pl ane 49 bpfuledpat grthe gralysisof e phuality plepredefiged cogtingss3f @ssosigteql sviths
bs4 ant i.akl ' : [ I j ource 38 from
fﬁeff_;norrrg?éh@legguseé‘ %?ﬁzu%%ﬁ%egﬁ$§%|%®oﬂ)wegg?fqé\eo‘?gﬁ% a? t he point of

f ocus f oromapasitioiy by gperation, a substantially constant thickness coating library is

7]

achieved by calibrating each delivery mechanism such that a linear thickness profile
is distributed across the delivery area. When multiple delivery mechanisms are
utilized, preferably the same portion of the thickness profile is positioned within the
20 delivery area for each delivery mechanism. Therefore, the present invention aliows
the manufacture of coating libraries having virtually infinite variations in
compositions, layers and thicknesses of coating materials within the plurality of
predefined regions 30 of the substrate 18 by varying the vertical spacing 60, the
delivery angle a and the offset distance 59, for each source 38 of each of the plurality
25 of materials 14.

Referring to Figs. 8 and 9, in one embodiment of a combinatorial
coating system 62, a continuonsly varying coating library 64 is formed on the
substrate 18 by the simultaneous deposition of at least two (A and B) of the plurality
of materials 14 from sources 38. The relative thickness and composition of each of

30 the plurality of predefined coatings 30 may individually or both continuously vary as
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mechani sm nmay be positioned within the delivery area?dMasth2i0e of the
delivery area. Thus, in this case, the thickness profile 48 is offset

wi thin the dinension 50 of the delivery area 24, the thickness being

| ar gest of fset position of the apex 52 and 20 I reducing in
al | dlrggilgg%zfron1the centerline 46. Referring to ﬂﬁﬁ%&yﬁiﬁ%‘an angl ed
of f-focus set up 61, the source 38 has the point of focus 42 for
delivering the material 14 positioned at the offset distance 59 along the
di mrension 50 fromthe center point 44, where the centerline 46 is at a
delivery angle a between about O degrees and about 90 degrees relative to

the pl ane, 25 49 he deli ar a 24. In this case, because of the

del i very tﬁ‘ﬁ’@j’ﬁ‘g ‘?ﬁ%ﬁﬁil g8 P@ﬁf?s‘g'%( iFigs- &) 9fsachotibe mytgalyd pnd Bt al spaci ng
53 of t heysyareiedPertd farthéﬁesteermah"hfs%ﬂt%ﬁeus %bﬁdiﬁhyy ik drS greater than
the of fset distance 59 of the point of focus to the center point 44. Thus,

inthis mémewd;ep@mdlmwe‘%alﬂes(ﬁwh@thfedeihgere\aegie prdhepmjesumnomr within the

di mensi o Qg!”lﬁ V:1s t | -13 29

Mar ch 200%%8&%&? %%26%‘% ﬁ@égi&{ﬁn eac e%glstoﬁge ggét‘ﬁu"%% Figs. 4-7,

t he Bl at repssl aphmbie of iatekialalspospiedyfer bt tin8, the febd ratet dnd colekentvatioy area 24 wil |
vary dependi ng .on.the v I ci ng _6Q bet 38, where the

15 nest Qi bt ey BR S oy e R leRoital®, BBREST, '3 noce of

t he thi ckilsse P9 of the Souddd 38irtlhtiveas thewttérlpamwe tekeorivextl spdcam 534 dependi ng on

5 the deI|ver angle a, horizantal spaci and offset djstance 59,

wher e t hé® §?F§ISP'§P3 3§ todhegegtenpaipid4 gihe shags otgtheewsl@%%fnar shepBhlity and of f set
di stance a%béphéreﬁﬁce%%e faé}%reafah@%ﬁ?sﬁl% anE@;fecﬁ? Bf’%llsﬁlv Bélﬂitﬂl to Fig. 4, the
m stant1 al

t hi ckness profil |nenS|on 50 of the
del ilQery and eﬂaelzsamﬁmfhct@meE@vh@ﬁ these w@unhiﬁﬂsrmm hervaged méividadelhyoram gle, horizontal

o of i 19 FaoRbib RBhA Eoonhtd ol 8 Shok e BHRG! on 10 WKBE, 0l )

change f raithowhhet shewh, etrhaskmmg bapomﬁmeabawe&katmoﬁihsmtcbmﬁaﬁdhl ckness at
t he edge of th n el Lver ea. Pr ef |y, a coating
[ brary. ey HEEER sdord oSt Ye RbRRi e Petiiming s6 "t hat 't he

t hi cknes&he/@mu@é]ﬂﬁ an be rul ed out of the analysis of t he pI urallty of
"predefined coatings 30 associated with 15 each predefi ned reg| on 22 |n

order to focus the e effect coatin conposi tion.

opeﬁglt ion, a s ubst%&é‘?‘%{ﬁl% r@%‘ﬁ@ﬁé%%&%@l&? E‘?ﬁgﬁ[ ¢ H‘gy h‘?"lﬁlaé’ﬁ‘ €is ac h| eved

by cal i brigitenshg8afAbotl€beity Mot 90BGRGE hRBraul ot RBéut a5 to BEGH 75Didkness profile
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 ¢m, and
most preferably from about 10 ¢m to about 20 cm. The horizontal spacing 53 may
20 vary from about 0 cm to about 60 cm, more preferably from about 3 cm to about 30
cm, and most preferably from about 10 cm to about 20 cm, The ceating thickness
may vary from about 1 nanometer to about 1 millimeter, more preferably from about
1 micrometer (or microns) to about 500 micron, and most preferably from about 5

microns to about 100 microns.

25 Referring to Fig, 9, one embodiment of the coating library 64 produced
by the combinatorial coating system 62 (Fig, 8) includes opposing gradients of
materials A and B, ranging continuously from about 100% to about 0% of material A
and from about 0% to about 100% of material B moving laterally across the coating
library from the side adjacent to the source 38 of material A. Depending on the

30 - variables discussed above with regard to the delivery of the materials to the subsirate,
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o Iibrarles%

is distributed across the delivery area. Wien nul ti pP&Maggh 285y nmechani sns
are utilized, preferably the sane portion of the thickness profile is
positioned within the 20 delivery area for each delivery mechani sm
Therefo present invention allows the manufact ating
'hﬁ)zggﬁﬁg virtually infinite variations in c&#%@gﬁﬁ%éﬁg, | ayers and
thi cknesses of coating naterials within the plurality of predefined
regions 30 of the substrate 18 by varying the vertical spacing 60, the
delivery angle a and the offset distance 59, for each source 38 of each of
the plurality 25 of materials 14. Referring to Figs. 8 and 9, in one

enbodi menhe @htisy 1246 168 329 haw a subAaitiallg csikBhiPaGdriable BRRAsHMAGE Y varyi ng
coating ljbrary 64 1s formed on the substrate 18 by the sinultaneous

deposi t i dke Ybstepfe. |Faeferablyyige ponrcen af mytenls fad Bihayetestiegtivegeinigtler i al s 14 from
sources 38eus A2 Rayifl AproddtinbdbeOEREnR1d RO Sdrker BhinPl4 GG OF 30 the

plurality of predefined coatings 30 may individually or both continuously
vary as -delivezpammscthatzoobicimsoofthegpiinpibraydsoubstagrily constanbsul t of the

t hi ckness- | ($§$ | = : he . ' A and B as
theygar e%gg)ﬁﬁotb%%@a@% eelghggl%oﬁv ;l?%a ‘T@I.im%ﬁi%g] egérn ﬂﬁsﬁéc@sf%\{/ag% gst I on may be

| i near orA amidhby coneralling depsodf evgpantionas heb hnaterislundy rtotnted bgfehd very angl e a,

the projectiv ower . .of . the deli.very, mechanism 12 (pot .sho associ at ed
&b eae HE-SN EB R i o5 SEA BE By ALFOUIE OIS TREREAF deposi ¢ ed
per unit gfFEes ndald8e fRe4bl4, Blch aafdﬂgtibﬁﬁlﬁ?wn@_ﬁﬁdizﬁﬂgaﬁﬁlaithQlfymtoﬁfahﬁ! I nput 1 nto
the delivery nechanism_ the vertical spacing 60, the offset: distance 59 of

the sour deulfyde yasjatippsya thegompesition pf E?Chﬁ’é thetpresletinedicaatingp B oFprleT. spaci ng 53
of ggch %lﬁe”é'o&%e@ﬁs ﬁlﬁ[ Eéﬁaﬁgﬂi}?fecpﬁitﬂhe\ﬁlﬂnd &iﬂ@rgﬁtbﬁd?&ia&‘: whidg é\‘? nvel ope 40 (not
t he ere and p

shown), _atnmosp ower per area and pressure and species of gas
i n vapor cdwpinatiani with a laBradly choyingstongated substrates aesolissin agewtmuolsit hese vari abl es

may be varj i nei Vi l Ly oF | O ' t C predefined
coating %{laéyggccﬁg@rgea@g%i%%%ﬁ&elﬁ%@eﬁ g@'odﬁlll“—e&? H]n%{% A%gﬁ {oﬁ%ig’g%cﬁot shown, a mask
32 maybe spirse 38 grafechblydt pestivnediwithinh delveerpplanectdth’ & sabglantialte substrate 18,

pr ef er abl j,acent tao or fouchin e subsira sist in formhg the
Coat | ng. PHBASH BukspeseddrertshLspoe 64 g, iagieng Fetghe EHVeardel i very angl e a
nay 1have Ray Aledite dniboditeent, A0@SeR iheXRiithi $Hadify 6P ERcIDurcdBE tapr ef erably from
about 15 to about 75, and_ _ nost preferably from about 30 to about 60. The

vertical dspendaglysannigpravide diffesent thickness profile 48 within the delivery area
24. Thus, the system 62 of provides for the simultaneous delivery of at least two of a

[

- plurality of materials onto the substrate to obtain a continuously varying coating

having gradients of the at least two materials.

20 Referring to Figs. 10-11, in another embodiment similar to that of Figs.
8-9, a ternary combinatorial coating system 68 provides a continuous ternary coating
library 70. At least three materials (A, B and C} of a plurality of materials 14 (Fig. 1)
may be simultaneously or sequentially delivered from sources 38. The sources 38 are
each positioned in a substantially identical angled off focus setup 61 (Fig. 7), as

25 described above. The sources 38 are preferably equally spaced about a circle 74
having a center 76 on the same axis 78 as center point 44, Preferably, the circle 74
has a diameter larger than the diameter of the delivery area. For example, the circle
74 preferably has a diameter of about 30 cm while the delivery area has a diameter in
the range of about 10 cm to about 15 cm. The coating library 70 formed by system 68

30 may be a continuously varying combination of each of the three materials A, B and C,
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about 0 cmto about 90 cm nore preferably from abou?9 Blasth305about 30 cm
and nost preferably fromabout 10 cmto about 20 cm The hori zont al ‘
spacing 53 may 20 vary fromabout O cmto about 60 cm nore preferably from

about 3 bout 30 cm and nost preferably froma cmto about
20 cm The z:zg% i ng thickness may vary from about 1 fanom If”lelgzlto about 1
mllimeter, nore preferably fromabout 1 mcronmeter (or mcrons) to about

500 m'cron, and nost preferably fromabout 5 mcrons to about 100 m crons.
25 Referring to Fig. 9, one enbodinment of the coating library 64 produced
by the conbinatorial coating system62 (Fig. 8) includes opposing gradients
of materials A and B, ranging continuously fromabout 100%to about 0% of
mat er i al mAmicking aftéroary phase diafmt. Thelban¢ vaHabies szcctimgﬁc fermaibmefvi ng | ateral |y

across the coatin rom si de ace ource 38 of
mat er i al thg COBES, W%%@"‘&rhgst gg é? 35’81’%§mﬁ]idag E?tg%%oqg ith regard to
the deliy, E{&Vy SR @RI EbSexhp Iethﬁdldfﬂﬁb bm@smonbsthaaomEch 2005 WO
02/ 28522 PCT/ USOl/ 2}.(

321 the coatln | ibr ry 64 haye a bstantially
const ant librana70,a8 prapais is ;fvektieacof t tSlP?émgégﬂ ‘%/ffs&'f‘ésm}gép’er ably, the

sourges G élﬁie%@f'tﬁé% o9 iohbch HateraReies 42 having a
pr edef i necfdgﬁ %I?édé ta%ggpeggm?ero%t center 98| nt 44 of the delivery
area so pbmtoﬁthwsﬂﬁloﬁmhswcﬁ, etphEmﬁ@attﬁqmefﬁmﬁWan andsageles st i al |y const ant
5 across the su

time for
di f f usi off'§ c??mﬁﬁsttgpﬁegjltegcnb r?& gi%?%%r(%)]ﬁctcr%@ S[ﬂemﬁ g{!toe &t evaporation, a
new mat elkah lﬂ%&eéﬁzﬁrbfr@hrgaﬂh Wate ‘slhmltanenusiy fouusdd to‘d&hwam/ﬁneﬁpmg obr by the
reaction of A and B. AIternat{J the sub gf% r 8 may be
rmvabl e, ﬂg@rcthf%ntﬂ%%tgﬁlﬂﬁéhq F?ﬁﬁ'lhpﬂgl F“h@ﬂ gocluﬁ%l"gp gﬂgt o obtain
p' € 7Y,k ?fﬂh@ %@ns'vfbré 5&1&9&@@%‘ deiivdty plhnemaedllebto ahﬂleerﬁcﬁ@ef i ned coatings

urt her’, e sources 38 nmay be sequentially f new and

d| f f er entspaed ghoihl xcm ﬁ;nmdhp qdalivery 3FeBi ﬁ'éﬁd}e()ﬁa‘?biguﬁ"ﬁis Paﬁlﬂé‘?nﬁw Bvi ng
el ongat ed bst r s 458 | LISy, ting along a
ﬂ'&ﬁ%d %ff' %P S%cf'% %8195.1 S43Vof a Yf&ﬁ Y5 B8 ¢98

Iongltudl di ¢ onal each source 38
prefer ab'sﬁ(bstr&teﬂ@WaL‘hﬂft@ﬁnﬁultyft&rﬁularcﬁﬁdof\smmn\mmmateﬁalﬁmmgas substantial ly

parallel to, but spaced a di s t he ane 49 of the
del i ver y diamsier of ghophS R 5?‘%‘#%@“@%8 &)Wg{%%?re FR vert i cal spaci ng
60 9f eaghs atfhyink BF BRAGHRA LAY The boutR exitetal incklidd er ent

thlg ness pr% ﬂﬁg}%ﬁ v1ln% tﬁe del i verlillgar eg 24g nghs t he system 62 of

provi des %/opolydﬂeflmtthﬂl a@@ﬂfﬁé@)ﬁ’ﬁl\@@ in jesriyorgnol splvent xed wih gy organic
pigment. After deposition through a ternary or triangle mask (not shown) and thermal

._.

m

curing, a ternary coating library having 66 distinct compositions was generated ina
few minutes. The coating was about 2 microns in thickness, and the coating thickness

20 scales linearly with the coating time.

Referring to Figs. 12-14, in another embodiment, a combinatorial
coating system 72 includes a plurality of co-focused or simultaneously focused
delivery mechanisms 12 each fixedly positioned to simultaneously or sequentially
deliver one of the plurality of materials 14 to the substrate 18 through a mask 32.

25 Each of the plurality of delivery mechanisms 12 produces a mist of atomized material
within an envelope 40 (Fig. 3) that intersects with the surface 16 of the substrate 18.
Each source 38 is preferably positioned in an angled, off-focus set up 61 (Fig. 7).
Preferably, each delivery mechanism 12 is equally spaced about a circle 74 having a
center 76 on the same axis 78 as center point 44. Further, each delivery mechanism

30 12 preferably has a horizontal spacing 53 (Fig. 7) radially from the center 76 a

-17-




plurality of materials onto the substrate to obtain 4 MsshiZéusly varying
coating having gradients of the at least two nmaterials. 20 Referring to
Figs. 10-11, in another enbodinment simlar to that of Figs. 8-9, a ternary
conbi na | oating system 68 provides a continuou coating
Iibraryhggiﬁh EIeast three materials (A, B and C of%nhghgﬁé¥lty of
materials 14 (Fig. 1) may be sinultaneously or sequentially delivered from
sources 38. The sources 38 are each positioned in a substantially

i dentical angled off focus setup 61 (Fig. 7), as 25 described above. The
sources 38 are preferably equal |y spaced about a circle 74 having a center
76 on the le 74 has a
di anet er 133%9@2} ? ﬁ%&ﬁ?e:ﬁn%ﬁ&eea#t&h?f%#F’t\ﬁée?)gg té?*eﬁg dElF_l% Aeréegnpl e, the
circle 74. }Praféreblg,hhg/pdmf&ods éh@beshowh) c&‘le&nhtdeB@erymewltamism lahsa delivery area.

T hrary Joeelonleayily efbiHR g i oo tFe AR e PR g conbi nati on
of each Gherb o&i'ﬁbﬁﬁ fRiahé ?drﬁon%ftﬁ’e BiRRndss dproﬁﬁ @QF@%BT)Q&&QI% WO 02/ 28522

PCT/ USO / 213 mm c ing a ternary phase di agram The sane vari abl es
af f et | ngnqtﬁel indherdaliveny asma 24 H@W&ﬁé{thwlmtwﬁ%ﬂy%@r eqohgslivegy 9) | descri bed

above, Siflchafidnl 1 RRVrehrdifiF bE AR fiohn tlicDi oirk 44 8F ltife Syst em 68. - For

exarrpl e e re ative conposition o e coat’l ng rary 70 at any point
is a funmwdeﬂfof&ﬁ@sltmmszﬁanﬁrafactsmh deltyeanechadfignad 2 giayhavese 59, 5 the

del i ver a h h each

macer ol SRR PoRtat PR Por R he ST R 8 B uBhial B GRE Yl TTC
preferreioﬁﬂﬂ@tm@l@irﬁlaﬁvubmsaﬁ&e IEh\énISMeﬁﬁryimedﬁnﬂmasnﬂHmed ﬁbove Wit h
reference to Fi I I n ree.airhrush guns were
0 D ancutiyadllspessd ab Ry RoR ceeriin T e e e M eBF el o ent

mat eri al stigos)tdmeSiéﬁﬁéré@qh@teﬁﬂuh bihé18esathan Bafd, poﬁfohnffaféuémey up 61 (Fig.
10 7). Al the guns were positioned in a delivery plane parallel to and

verti cal |ajea %p%@é’@ﬂ@mft“fﬁ@@ ftheoubsinie 1§e Frghartheddiyeryrur t her, each gun
was posit f a hor| zont al
spaci ng gg&ﬂﬁg“%sgl&pﬁ %@n%%eﬂ%}ﬁdﬁ@(ﬁsﬁ%og??gf%@?ﬁ’cm 4h alé}grgtﬁgﬂ? ially circul ar
di sk of qnoblnorothat/@lbws theataalleladr sivaltanegqusdelivéryiote elmraélty eftmenteriays Idm Each of

the pluralit re were sized to 15 forma coating library
havi ﬁ trlé'ﬁg?m?fé %‘h‘f %‘é’gry%ﬁeggﬁcoatl ng material included 2%
pol yet hyI nmet hyl acrylate (PEMA) in iso-propanol solvent mxed with an

organic 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
conirol 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

20 apart from substrate 18, preferably the mask is a physical contact mask that is
teuching or in close proximity to the substrate to eliminate shadowing. For example,
referring to Fig. 14, the system 72 may produce a coating library 82 having sixteen
predefined coatings 30 using four (A, B, C and D) of the plurality of materials 14 in
combination with the first four patterns 80 of the mask 32 (Fig. 13).

25 In a working example of the system 72, each delivery mechanism 12 is
a sprayer nozzle that atomizes a liguid precursor material 14 into a fine spray and
directs it individually or in combination with other nozzles/materials to the substrate

| 18 to make a coating layer. Compressed air, superheated steam, or an ultrasonic wave
may be applied to the liquid material to generate the fine mist of the liquid material.

30 A coating library 82 having multiple coating layers may be developed by sequencing
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pi gnent. After deposition through a ternary or triand?Maiesi00not shown)
and thermal curing, a ternary coating library having 66 distinct
conposi tions was generated in a few mnutes. The coating was about 2

i crons gid.hlickness, and the coating thickness 20 s&aljn%gg%lﬁﬂearly with

t he coatlng tlne Referring to Figs. 12-14, in another nent, a
conbi natorial coating system 72 includes a plurality of co-focused or

si mul t aneously focused delivery mechani sns 12 each fixedly positioned to
simul taneously or sequentially deliver one of the plurality of materials
14 to the substrate 18 t hrough a mask 32. 25 Each of the plurality of

del i very nechani s of. atom W thin an

envel ope%dﬁpﬁ%o@? E?lsth‘juﬁ Stgcgrpgrawtoﬁsqr%@rss mﬁﬂnﬁg%ﬁlo&}fmphe substrate
é8.( Eaclaseqwdnde@f?ﬁslhﬁgputtenfnemﬁbduyiln@ﬁspst(if@@@@saw) teprofidgked, o” f ocus Zet up
1 (Fig. 7 Prefera eac lver nism1l2 is yally space

about a 8?%%?’@“%%3%&% 18 2 PEg ﬁffq"k? 550561}953 FftréteY%ﬂ% center point
44. Furt BRY be @asedble gt M&ﬁﬂbe,%h@éﬁr&ﬁﬂ r éé’oaﬁﬁgﬁ@@hmlmmandnor i zont al
spacing 53 (Fig. 7) radially fromthe center 76 a -17 29 March 2005 WD

02/ 28522 prpsitiesphore eah pneiprst ombinatiensef thecoptinglayess providesat feagone he cent er
poi nt 44 I(fﬁefﬁﬂl% ?rg%mésh fﬁ?eqaﬁﬁmér %ﬁlchﬁiogﬁﬂo@ﬂ% , the point of
own

focus 42°(hot Sh each IVery ma ani sm ocused a
subst ant bcaistryedsiqllimi‘a?ngamghtaﬁﬂfa“attllquldtmgs (B‘QHQ ﬁleg'edta)elght om the center point

44, theg Sitlo the s or L cknes profile 48 (Fig.
7) for eg@@f@?ﬁ%{;%og?cpﬁ;ﬁayt%gs ?El%%é%e’a‘f‘@ ei‘ﬂ q ? e poi nt of focus
42 for eawrluddpblyaeylides, rperybaimnam kﬂiyll poim?rf siBepnks, eﬁh ﬁlncatgel of fset f fromt heh
cen 44 or t av ui val e set |sta In fact, eac
del fQ/erng&%gﬂFWE 9‘5?1%%’ Flﬁ‘il °fﬁ3‘P?ﬂu C@H@nagﬂcm ncl udi ng one
that res !ﬁtﬁémht@nél@f‘eq&%‘étﬁhk'tﬁ@x sftablid éxgmpféé o@félﬁﬂg s&ﬁ‘ée@ﬂ (FRY O)an9| ed relative
to the surface 16 whi delivery mechanismisS in line 10 with or

radi al | yl@b@@@botaﬂﬁsyaﬁdra%/ﬂm@eahl@qafoyrmgwthemter% af smyeratiresioé envel ope 40
(Fig. 3) a&%té@%aﬂ%tggﬁrﬁgﬁﬁéﬁé ﬁ[:]lxlaémﬁ‘i @&'a‘ﬂ?@ 1§p,t#taﬂ tegi%ﬁé a portion of

the deliver area e sur ace trate 18.
Furt her of&beuﬁ@lmmem gboutrEiars, &nkndrﬁpmablylmoubbhmabmutémemsabout acircle,

but n_an I at.i ve Si t he .par.al |
2 dbitss " elie g ae spiFaty Slprighredniife ShubE Thedt Teast a
pOF ti 0 n bf a pafetleDabHivE eithed bg Somiining different masking patterns with different
liquid precursor materials, or by a maskless “continuous phase spreading” 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 coating
20 library.

Referring to Fig. 15, in another embodiment, a vapor deposition
 combinatorial coating system 90 includes multiple delivery mechanisms 12 each co-
focused, or simultaneously focused, for simultaneously or sequentially delivering one
of a plurality of solid materials 14 to the substrate 18 positioned on a movable stage
25 92 within a deposition housing 94, To withstand the high temperature of vapor
deposition, the substrate comprises a stable high temperature material such as
magnesium oxide or lanthanuni aluminate (LaAlQ;). The deposition housing 94 is
sealable to form a vacuum chamber 96 within its interior surfaces, In this case, the
delivery mechanisms 12 are vapor deposition devices, such as sputter guns powered

30 by RF power, preferably matched for optimum output. The stage 92 supports the
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The mask 32 preferably conprises a plurality of patt@?Mardp2Q0§i g. 13),

whi ch may be noved in and out of the line of delivery of the materials 14
in order to control the coating of different predefined regi ons 22 (Fig.
2) withydiflgient materials to forma coatinglibrarl;f% . 13).

Al t hough dep| ct ed in Fig. 12 as being spaced 20 apart rom su strate 18,
preferably the mask is a physical contact mask that is touching or in
close proximty to the substrate to elim nate shadow ng. For exanpl e,
referring to Fig. 14, the system 72 may produce a coating |library 82 having
si xteen predefined coati ngs 30 using four (AL B, Cand D) of the plurality

of materia conbln the first four atte 80 of the mask
5 (Fi g Sefmits il g kS RGRtin, el bF shgrmis s, ertob 3ot Gomily 88 | ver y
nmechani sriinkaly 19 poﬁu@rpmamﬂfstrét@mhm the Wlivérl af¥h Z Psitfonkd %@bn&ﬁ@cur sor materi al
14|ntoaI|nespra ang directs it _individually or in conbination wth

ot her noZEHEdy mgchenisms d2 pyl thegn @Pé%ig’étaénaskézh@fWY@ﬁélfﬁﬁgt | ayer .

Conpr ess be applied to
Cher |t quituet 0. SR 98 Btk SRY bulan@illyih bRRP Ui dlEbumlRlg 02 0P 1 56
coat Png Idubﬁav%pOBQBphang) munmizmhs“simdowmg effayér’ﬁlenm,skﬂélsdevel oped by

sequenci I S01/ 2 e delivery of

t he mat e;}?‘gﬁagl}%ﬂéﬁ?%v@ el-?a 3&‘? %{b% %aﬂaé O‘isﬂ"glzli?ﬁ i F‘ ion with a
squence hoﬁsmgaﬂ]@nmgananmmrcaﬁomthl?amai@osilﬂymmlafmﬂzﬁéﬁs&&&g@mgo Er ovide a
predetermn a 0 in a,prede ion 22 (Fig. .2) of the
substr at %‘H’g’% ngﬂgvﬁ%@?’r"g §d)@d%ﬁs?gmt§%ﬁﬁkl§’8%%mong for a
coating hatidiga paskbbx imalnﬁaainetér W4OBEhbHES at REBurRRCRs BV, 2

conmbi nati on of the coatin agtgqnagers provi des at |east one of the functional

pr op®r t i §ke posifion pf te gl p 0 with respeet toghe ebstsatoll. d not be construed as
limting, eight different liquid coatings (A-H) are fed to eight -

i ndi vi dual 'y cont rairned ieRyAMm 99 By oﬁﬂfnawﬁwhaudéy&m&l el 1 qui d coati ng
materials include polyacrylldes pol ycar'bonat es, vinyl polymer, silicones,
and si | i daviggpne oranoreaeraves 1985p selactopt or, meraimatesials fensirayitageavs of ncl ude t hose
manuf act T r en suitable
exanpl eslég ‘é&gﬁ?ﬁ?ﬁ‘g’ 4 reg%x{tg%éﬂ |¥E%Ata{1azsclﬁlg%&%ﬁ QHIS P%{v le‘Zmd a W lam
capabl e (ubnmmeﬂtwg;tmtmlhmﬂletrrbatest}:atshmtmrrm&f@bnmﬂos)fosehblﬂh&so&iﬂ t o about 200,

d f er abl y about t b t d f about 10
mnTo oS B SRR e s Pech P ptanst i eoh bR 1885t 4 hours. 15
Thus a @it RgbubintFecdrdirongh/ | TH qar¥ysfdepbstticdiof BleafiRériated sgul ti -1 ayer

coatings is gl
monitored with a 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
20 fabricated in a day without need to break vacuum to change solid materials and/or

mask patterns.

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.
For example, the back-pump station 114 may provide a vacuum of about 10 torr,
25 while the turbo-molecular pump 116may provide a vacuum of 10 torr. The pumps
114 and 116 are in communication with the vacuum chamber 96 through a gate valve
- 118. '

For example, this system 90 may generate coating libraries of any

ceramic, metallic and/or semiconductor materials, with surface roughness and
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in a parallel fashion, either by conbining different 2d¥asMYPWBat terns with
different liquid precursor materials, or by a maskless "continuous phase
spreadi ng" of the materials, taking advantage of the variation in spacing
and vol he liquid precursor material being deli rom each
sprayerwﬁggﬁ%%ﬁto formthe coating 20 library. Refer?%%@&#ggegb. 15, in
anot her enbodi nent, a vapor deposition conbinatorial coating system 90

i ncludes nultiple delivery nechanisns 12 each co- focused, or

si mul t aneously focused, for sinultaneously or sequentially delivering one
of a plurality of solid materials 14 to the substrate 18 positioned on a

novabl e stage 25.92 wthin a, .depositio Ski A. . T Lt hst and the high
enper at aParey o et SRR BntT 4 B Rebtesdeln) ¢ i oh

t enper at wheveyathersuhiblsdutivegsnechainedC iwohaisilaer ablationdldtatubeagl um nat e
(LaAl®3). The deggibtion housin% 94 jis. segl.able to forma vacuum chanber
96 wi t hi rFYFROZMIOR: QY Pofic-thatmay e Usqd with fhe masking sytam fo gehefalfor y nechani sms 12
are vaporm&gﬁﬁbswaﬁ%mﬂ%sp@s fabﬁﬂé%@a@&gﬁﬁé'&daﬁﬁgw&g’ PRI Ahg30 by RF powver,
preferably matched Tor optinum output. The stage 2 supports the -19 29
Mar ch 2008 1iule sorgegbormaiyrpusion/apnass eoupled with @ magking systersanbeosi ti on,

where th a | Ikt cal : I -1 ly to
position%? '?EB%?%Esgkﬁ?% ﬁ%n%kggéé%?€é$§§%¥§g&£ d%@%?g%gﬂﬁbgtmeen t he

del i very fomeshandrgagc ght emidtingdode(SiED’3tdevid®. i s a nmask 32 having an array of
different patterns 80. The mask 32 is preferably substantially in contact
with the substrate,18 o ibl: .NiMm.ze the "shadow ng
effect."” The mask %% alpgargﬁr#otﬂ\l/aggﬂekéq%gé?egﬁgoﬁzdghvl\f%?n aé@\y‘glg%é] chanber 98 of a
mask houdhvegtidi)@ conbiaatoms koating ygstangaridifiethesl. i Wihiteohwrinvetioh basbesn t h t he nain
housing 94 ] nner .to intain the atnosphere, of. both vacuum chanbers
06 Ihd-oButetply Brovand orredhedie gl PREFSQ BSOS ER DBERE 102 and

i cr onet g willld apprecitiBy ihaOyaAintondeasMbdifiatiohSR®R ff@td/by a petsohlde posi tion of
the mask patterns 80 with respect to the substrate 18. Further, the system

90 may oprdieaiy phil} itk ast wathent departing frame the senpe oREs invguee Ferthetgt e apertures
108 J - Sk i al
to sgf 1%3)% ulEst08d IRt SHRHcipIds OF hgsr “&f‘fgﬂé‘t"&%ﬁgvﬁﬁ HechapRAHENT I A

delivery and prevent | nterm xrng o@e €er|_ utter 106 is novably
connect eand theaehwrpof thd Matetials torfotna the soating thickmesseroftleslesqribed ure 108 to

sel ﬁgg dt i ege@ﬁ%hﬂ“ﬁ?ﬁﬁrl}alfaﬁéig&{er,%ﬁle%eoapﬁﬁl&%i %51 Miblifhch@@® Mask pattern 80 is

cha
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nmoti on vacuum f eed-through. The quantity of depositi8%L@Fd%ﬂ35naterials 14
is nonitored with a thickness nonitoring device 112, such as a quartz
crystal oscillator. By vapor deposition of different solid precursors
through different patterns of nasks, a substrate with nore than 100

di fferent coating conmposition/layer structures can be 20 fabricated in a
day w thout need to break vacuumto change solid materials and/or mask
-patternsC%KB@Syacuun1atnDsphere wi t hin the vacuum chanbers 96 and 98 are
mai nt ai ned by a back-punp station 114 connected to a turbo-nol ecul ar punp
116. For exanple, the back-punp station 114 nmay provi de a vacuum of about
10" torr, 25 whilk A fstehrufobhightirewphparfalpivation dfdraaylygis ofdnckerag vacuum of 10
torr. The, punps llé and 116 are in comuni cation with the vacuum chanber
96 throdﬁﬁoggggPEme {PEPTHYE  For exanple, this system 90 may generate
coating libraries of any ceramc, netallic and/or sem conductor materials,
with surface roughngasiiang codfig2SudBich 2005 WO 02/ 28522 PCT/ US01/ 21321
accuracy of thickness méasured in nanoneters. Besides the sputter devices
descri bed above, other suitable delivery nmechanisns 12 include |aser

abl ati on, el ect r ors ¢tsatrpilabdy/ fppenableideliveryOvbrhastsm, for ddliaeringmoachhbe used with t he

maski ng systemto erate. iporganic coating . libraries. To fabricate an
or gani c %%g?% hae ?lg’r%g“reﬁ“fg‘“%8?‘f°6@ﬂ%i"ﬁ8“%S?&‘i‘ ?erl’ﬁ’fe@’ @%ﬁ’féle]t“ﬁy mal

evapor atmeshasiadbvht s phedlity 8ouictd) eathtBSKE BEhS YRk-ARY SBYuRes set up. The
sane systemmay be utilized to fabricate small nol ecule libraries such as

for use 4spPcHt fea ¢qregpondingrons pepting outeripl offtiny plurpliviofesatingt i s appar ent
that th o been provided in accordance with this invention, a

conbi natorral "coati ng system and nethod. Wiile the invention has been 10
particularly shown and described in conjunction with preferred enbodi nents
thereof, it wll Jnedappbleciated sifpattingatdgat i ons and nodifications can be
effected by a person of ordinary skill in the art wthout departing from
the scope of the invention. Further, it 1is to be understood that the
princi pl es of the 3YBTHatOHPPRItCEON s8] i very nmechani sms  and the delivery
of the materials to formthe coating thickness profiles described 15 herein

apply in a simlar, fRRRRE is WARHR iR R &t 8P4 Bne 6f‘heﬁlréry‘3f’é%%ﬂ££‘3“t S

materials from the focusable delivery mechanism to a substrate supported on the

stage;

a controller having a set of instructions to control each source,
substrate and mask to control delivery of coating material to each of the delivery
areas to form a coating library of varying thickness distribution profiles across

respective delivery areas; and

a curing source to cure coating materials deposited onto a substrate

supported on the stage.

2. The system of claim 1, wherein the plurality of coating materials

comprise functional coating materials.

3. The system of claim 1, wherein the plurality of coating materials

comprise protective coating materials,
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29 March 2005 CLAIMS: 1. A system for high throughputdMaseh 25 on and
analysis of an array of coated materials, conprising: a plurality of
coating materials; a controllably focusable delivery mechani smfor
delivering each coating nmaterial of the plurality of coating nmaterials to
a delivery area, the delivery mechanismhaving a plurality of sources,
each source of the plurality of sources associated with a correspondi ng

one coating nmateri I e I|t of ¢ n ter ; an adj ust abl e
‘substrate supportlﬁg s%yas{gegwfgisu ’str mthe Rmibt(gﬁo gfnﬁe %lfag a mask t hat

i S novabtoenprise ddoratvticogtfngandtdriaR. of del | very of coating materi al's fromthe
focusabl e delivery nmechanismto a substrate supported on the stage; a
controller having a z‘gt of i nstructl ons to control each source, substrate

and mask to cont r ol TaesYsiesR of %?l%b&theﬁ@%P@ﬂlwoﬁ@a@&fﬁat@w% he delivery

- areas t oyf Harer21sGo [ %ﬁf tion profiles
across resf)lect |S\(;se§é E{??/%P%’%B%p%mgﬂ df%g{ﬂ&scgp urc Infb})lg%gllrée coating

mat er i al sxdéepbsioleedesont 0 a substrate supported on the stage. 2. The system

of claim1, wherein the plurality of coating materials conprise functional

coating materials The SY em of _cl ai rein the plurality of
coating materials %ﬁ%’fnelef”h\?@“b QP“f?\jg\‘h tceﬁﬁléﬂrgaeﬂalzd& 29 March 2005

4. The syshfamrigk sabeecrrfr&n NeEG) d&nsl%gnk%gtarwna% fRaLivigs, material s

conprise decorative coating materials he system™of claim 1, wherein
t he pl ursalidongs, oflludasa titihays, palyestheas, alkyds, ecnylitsepolgirsthsmds @od eidylf r om t he group
conS|st|n%%$f pol yners, oligoners, nononers and small nolecules. 6. The
system 4F'm 1, wherein the plurality of coating materials

7. The system of claim 1, wherein the varying thickness distribution

profiles varies linearly across the delivery area.

8. The system of claim 1, wherein each of the thickness distribution
profiles vary across the delivery area such that a coating library having a continuously
varying composition of each of the plurality of materials is formable within the

delivery area.

9. The system of claim 1, wherein the delivery area is associated
with a surface of the substrate having a plurality of predefined regions, and wherein
one of a plurality of predefined coatings is formed within each predefined region to

form a continuously varying coating library.

10. The system of claim 1, wherein each of the plurality of coating
materials is delivered from a set-up position selected from the group consisting of a
normal focused set up, a normal angled set up, a normal off-focus set up, and an

angled off-focus set up.

11. The system of claim 1, further comprising a mounting device for
holding the mask, wherein the mounting device is movable relative to the delivery

arca.
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are materials selected fromthe group consisting of ngyﬁﬁhggﬁhtes,

pol yacrylics, silicones, cellul ose esthers, polyesthers, alkyds, acrylics,
pol yur et hanes and vinyl polyners. 7. The systemof claim1l, wherein the
varying thickness distribution profiles varies linearly across the
delivery area. 8. The systemof claim1, wherein each of the thickness
distribution profiles vary across the delivery area such that a coating

library having a centinBuQush ¥rci¥af vl ﬁ@gﬁ' [ the plurality
of materials is formable mﬁtﬁ{%lﬁﬁéﬂﬂggfgv ythggkﬁ@%&gﬁ%fQ;stenlof cl aim
1, wher ebupptitiog d eluiface of theselstrats vadhohe déledry aved, wharegithé Aeldingf t he substrate
havi ng aﬂ$LutaIit redﬂgéﬁgd regi ons, and wherein one of a plurality

of
of predefT'éds 8% l‘?ﬁgaaﬁtof R ¥ n each predefined region to forma
continuously varying coating library. 10. The systemof claim1l, wherein

each of the plural iﬂ*h@éys@%tfbﬁgn1,%&&fé£ﬁpﬁsﬁ1§ﬂg%ﬁs&%ﬁ%ﬁﬁm a set-up

position selected fromthe group consisting o normal focused set up, a
nor nal asigfaeeipasitionalde withindheddlivefyfardapwhercindhe supfacednd aghuralipgf ed of f - f ocus
set up. 11 i

..he system of.clajim further.conprisjing.a nounting device for
ol di ng PRATREE R EF e Eaedb BN A RN P s PR [ ve 1o ¢ he
del i ver ylibrafy@aving 4 luddit)VBf SohtiR@R8ly VaryingRedYint EathesCl @i m 1, further
conprising a holding device for Supporting a surface of the substrate
within the delivery area, wherein the holding device is novable relative
to the delivery area. 13. The systemof claim1, further conprising the
substrate having a surface positionable within the delivery area, wherein
the surface has a plurality of predefined regions for receiving the
plurality of organic materials formng a coating library having a
plurality of continuously varying predefined coatings.
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