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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
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processing conditions and the coating application method. For example, the degree of '
thickness uniformity and surface roughness, which depends on the application method

and processing of a coating, are important in the quality and reproducibility of the

coating. Further, different processing conditions, including exposure to ultra-
violet(UV)/electron curing; varying temperature/pressure, and the sequence of
application of each layer of multiple layer coatings, are highly important factors in
determining the structure/composition of the final coating. Additionally, the
structure/composition of the final coating impacts the functionality of the coating,
'Thus, because of the multitude of variables, most of the usable industrial coating
systems developed to date have been a result of serendipitous trial-and-error

experimental processes.

BRIEF SUMMARY OF THE INVENTION

Therefore, there is a need for an approach that accelerates the rate at
which functional coatings are generated and studied for various manufacturing
applications. Thus, embodiments of the present invention provides systems and
methods for high throughput fabrication and analysis of an arréy 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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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;
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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
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having a set of instructions to control each source, 23Mss¢hrH08 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
respect ZWeppedhbvery areas; and a curing source to C%&ﬁw&ﬁﬁ%ﬁ?@ material s
deposited onto a substrate supported on the stage. A system of one

enbodi nent for making an array of coated materials includes a plurality of
organic materials and a delivery mechanismfor delivering each of the
plurality of organic materials to a delivery area. The delivery nmechani sm
has a plurality of sources each associated with a -2 29 March 2005
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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
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of a delivery area froman angled, off-focus set up 89 Maeh W5 very
mechani sm source; Fig. 8 is a side view of one enbodi nent of a

conbi natorial coating system having two opposing delivery sources; -3 29
March 2QRPoa6d,92/ 28522 PCT/ US01/ 21321 Fig. 9 is a toppMigi k@ coating
library formed fromthe systemof Fig. 8; Fig. 10 is a perspective view of
one enbodi nent of a ternary conbinatorial coating system 5 Fig. 11 is a
top view of a coating library formed fromthe systemof Fig. 10; Fig. 12
is a schematic di agram of another enbodi nent of a conbinatorial coating
system Fig. 13 is a top view of a mask having a plurality of patterns, as

may 10 Uk ' Ei 6. e | .4 0p view of a
coating Iq?tl#: gdrd? %%%&%Zﬁgﬁaéﬁﬁfgﬁg&% S{(l)‘g1 alﬁi%lgr.aSﬁi%allr’rjltﬁ? el’ g’f;fg%em of Fig. 12;
and Fi g. ghfs, sichas thoskeusirigdwdshibodory; infeeovwave ssradivdtequencp {“Réfie enbodi nent of
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mechani sm 12 delivering opne or a conbination of a plurality of materials

14 td a Seplscaipbers gpitaxy, plapat sostve 2adiop §eam depRsiliooat i ng 20. “ The substrate
surface 16 has a plurality of predefined regions 22 20 that are positioned

within a delivery PHefurditty oMahiehalk $4 PCRESIeRbYic Matedialsian@brgh@eati on within
the system 10, The delivery mechanism 12 and/or the E’l urality of materials

14 are [Wpdgrialsdmurious statesnsiahas selids liguidiezasepus andyapqrized/glemized paral l el , each
of the pl {.t el.L ab: : del . troller 26
P n‘txéfz]é?ials. ?éuR:Ible %Efeh ahﬁ?rgg%% ﬂcﬁns :héi&déﬁ%%liggﬁfs\,/ ceparfifd

controls e selection, quanti guence ery of each of the
pl ur al i t pxides, nitides] zad sulfidess Sohablhexamples ofaorgpusidatings iddudsf t he coating 20

may.vary between,.each. of .the.regigns 22 on th rate. face 16 to
fornfa c&% C’IOPE?[ﬁw aﬂg ?maémg%sﬁ?s’ g’é%rﬁ%%ﬁ Fﬁ&e%g‘?isﬁ"sﬁdﬁéfﬁ‘é{ pr edefi ned
regi ons - Zibnbers $hat feadtho €im2AQating, The polymeric materials include, but are not

limited to, polycarbonates, acrylics, silicones, cellulose esters, polyesters, alkyds,

~ polyurethanes, and viny! polymers and alike. Prefcfably, the plurality of organic

materials include organic polymeric materials, such as “architectural” materials

15 derived from organic materials having protective or decorative functionality,
especially including thermoplastic or thermosetting polymers. Preferably, the
plurality of inorganic materials include 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-




WO 02/ 28522 PCT/ US01/ 21321 coated with one of a pl ur &P Mapch3005r edef i ned
coatings 30. The plurality of predefined coatings 30 include: a single
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coati ng, \A%Zzﬁgeigeach | ayer is one of the plurality of ‘;Sr%f(‘zsu”@r”%l; and a
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plurality of materials. Additionally, the system 10 nay include a mask 32
i n communi cation with the controller 26 to permt delivery of the
materials 14 to different conbinations of the plurality of predefined

regions 22 formthe plurality of predefined. tel Ngs . The system 10 may
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testing destinge0Imytinchyioas layer, gy Pilplelayerss (0 egiTel faBE 2P BE & st rat e or
coating hibhatyaR@, id @ nfi8lRldTerdeh 4cRs tHRSRIPRE bf 18 sWistra@atuchlf the plurality
of predefined coatings 30. The mask 32 may be _  secured by _a nounting device

'35, $ihi clereer tonalthigknessy i.erevasssuge ofdhs taating nosmakig dhe sugacgif then ¢ he system 10.
Simlarly h u rat ; | aﬂﬁi}ii ce 37, which
opti onal ﬁ‘}bﬁ&ﬁ%- %6??%%‘?1?’ f%%hg]%%a efﬁlgﬁ set?' ?g]t%gco%uﬁ%oﬁdl%e system 10. Thus,
the pr esepmpbditenbptivnaly iovicdsinueussysnenframdneptedefined sagioveddd® act uri ng and

testing a coating. library having,.an.arr f oy i shed froma

pl ur al i t yPoptherg thergby frm '%YP%??%B’E%F_ tfi%gléeopﬁ&gfrdyggﬁr&g%g?n paral l el, on

ah su bS][ r aaolgﬁngg 8o %ﬁb@c gedtiny lﬁbfﬁ C %mbwﬂld&ﬂysjf cmﬁh'ge?m ?dlhguishabgd1 at each of

the plurality of materials 14 may_be si t.aneous | vered, or

del il0er edfranheash odter kased ertherf logatign) Fyh o4 cgatg%arfay 8%%%9%35113&%93 of angl es.

As such, ﬁ&féss@&hﬁa}é‘?’fbﬁ SHRE QiR A ahSlyzeA9s BdtéirRRetndf pireuard so that at
ortton of the dell

| east a vered material reaches the delivery area 24, as
i s di scussletivé i farstienaliet wseful prepasties, anddhepcgompaied Wik eplAUERIO 2 25 may be a
singl e deyice r.it a plurality of individual devices each

correspo ‘W“thegﬁglag‘?é,‘f@gpl urality of materials 14. The position of each
of the one or nore delivery mechanisnms 12 is preferably fixed within the
'system 10 rel at i veEach oftteeplutality vEprdefinediregions?iiis adixed a0t et he ot her

del i very chanjsns. Preferably. the. Y . Ls proj ects each
of tlAe plﬁgﬁ{altet{ﬁfg?mﬁﬂwgg P28 %afﬁm{:’%&f%go%g%elpﬁ/%lrﬂg%gg] a#lggl 4;_14%1’ in a vaporized
or atom zggy i Qmple obtutipY eyt seatipg eBachfof the peddefnendyegimmsi?dmiayhaves 29 Mar ch
2005 WO 02/ 28522 PCT/USOL/ 21321 12 j ncl H_J::ije: a ?ear ay CﬂBZZ' e.0f 9un of any
type, suchyabangseifigipiforreceying andanplygne thycpg posited tnercon, su

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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guns, such as those using hydraulic force; m crowaveZdMaddi®5f requency
("RF") delivery nmechanisns; an ink jet print head; a vapor deposition
device, including sputtering, thermal/el ectron/laser evaporation, chem cal
vapor dgpositi.on (CVvD), 5 nol ecul ar beam epitaxy, pl ; and ion
beam deﬁ@s@?.&g&% The plurality of materials 14 incl UW%‘%‘. c materials
~and organic nmaterials in various states, such as solid, |iquid, gaseous
and vapori zed/ at om zed material s. Suitabl e exanples of inorganic coatings
include netals, alloys, ceramics, oxides, nitrides, and sulfides. Suitable
exanpl es of organic coatings include 10 polyneric, oligoneric and snall

| | H § M t hat tt
o eCul e5, MAGH i ] gAiOLcih 98 Al el i ish eTa@REut hat react to

forma co Ic materials incluge, but _are,notf limted to,
pol ycar bamatteabount my) preferablyiit fheaangs of ehont i) mmetoabpw, /s GIBGI‘W‘Lst ers, alkyds,

pol yur et hfﬁ%?%ﬁ%ﬁ%gy ﬁ@{%ﬁgg@&ggﬁ AP Aot cReeferably, the plurality of

organi c organi ¢ polyneric materials, such as
"architectural” materials 15 derived fromorganic naterials having
protective or decoTh substratelifandycheaskdursd within thesysiem |0 and1ogPHY t her nopl asti ¢

or thernosett] ol S r.ef er.abl t ral:i j ni c

Tt o5 al Snftrdeltis) diet (Ee by ERE Sy G paflaeBipd 37 iy b7

pr ef er abl y,faA HRQubiAPIRNBZ Bét cREmplt,dof Z@strainLH it fatnh 9f arelangatiednbi nat i on,
and directed to or deposited on a subst L{%gé .wher.e thﬁakg_%gori zed/ at om zed
materi al tepsafhedicldingdswicod’ may inglude ¢ BAT PAYIRL S A RGPS it £ i ci ent anpunt

of " the MUGI s 1S piRhiuEriEdhd Gailsfborbebe, pbiblyidoinbanadd wih the mat er i al
or conbi nation of materirals may forma coating. havj ng a gburallty of

| ayers, woHers, it tie deliecty argp %an@otbprﬁmmnlcﬁhﬁh?&dmﬁw VICE SAFERGE Bhavi ng an
overall function.dicta I i LRfRad cdnfécteddb acach | ayer.
The 1%mat eﬁ%i?tﬁlogwrt?ﬁ:gﬂbeesu %@%@ce@gﬁ&{ch&&%ﬁ%ﬁ?ﬁ) e or(g:gani c materials, or

mul ti pl e Rbtot H1O0tiER BEtCatomtyps dexics thabeongrols detrionition efthe platgrgjativedo and i nor gani ¢

are conbined jnto a . .coating, Additi | | el se various
conbi nat | BageliverAEa: ArsSuch g co %lgfﬁﬁ@?%%ongﬁi&ﬁ %@%ﬁ@gﬁtﬁf of various

conbi nat | m&gﬁeﬁ@tﬁ% BdrfrolY pRaefinde tepfo D2 dnto WhirhdlmaniteriploBt 4r8 a mat eri al
or a conmbinatfon of materjals ‘depgsited on 0, the s.ub§,} [u%ﬁgua 8. These

mat eri al sdatigred.cFerienaragle.dharontiolir 6 may aiee the paldme dspige 3% 9 March 2005
V0 02 28552 BTN AR iR ofadimiablegiohat PLdbksidebf heise, m x or
c0

ot herw se | ﬁe to forma ne onogeneous material,, zil m xture, a
conposi t eddivery abdadrdnd therefizendo vt aebeiyb 6v@0r mgse 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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coating 20 may include a single layer or nultiple |agdMarchH0general,
coating 20 has a lateral neasure, i.e. a nmeasured |length across the
surface of the substrate, nmuch 5 greater than a thickness, i.e. a neasure
of the geab) normal to the surface of the substr rably, each
| ayer is a }tz%gzn filmlayer. The coating 20 may varyal}éra\rmggé)l?rlﬁ'gls tion,
optionally in a continuous manner, from one predefined region 22 to

anot her to thereby form an array of coatings that define the plurality of
predefined coatings 30 of the coating library 28. Each of the array of
coati ngs are di stingui shable 10 from each other based on their |ocation.

Furt her, f th oabi, er the sane
condi t i orf& ‘é\c{‘]? &z@ ﬁﬁn%c%agara%ﬁne rg%Yanerofcg 2{% clztﬁ&’ ative to
~functi onghfofhatias efnuhppmpfer pmr&mg irforthatiore rﬁ“hwngmlledzﬁmmda@m other to
determ ne fheir Iatrve ut i Each of th f predefined
‘regi ons Zoltyaehay vgaéeﬁﬁamgge&ﬁdpﬁlgr rg%g?nlgﬁtsgn#‘é%uu&*rrgcef)vr ng one or a
combi nat i pBrafihg thé §sRIII0AITHE Yordiollfoeidyded sihgletdewﬁﬂlomtmasbﬂgl e or multiple
| ayer coating. Each of the predefined regqio have any shape
suf f Bci emIUTﬁwof@d@PWWP@nﬁﬁ@C%ﬁ‘aT yr%eﬁantfqgi@r%aﬁc%‘ﬁosr ted thereon, such
as rect a’l:%hﬂ:hﬁ bV all ARRURE corilohGil Sfthe Shibinnl0) akding BRDI nat i ons

t her eof predefi ned region 22% aIIy h%? gi‘earnthe range
of about dmz@arymnﬂlanmégﬁdhwiwhmwaséf* I‘F@SIF ge of about 1
m2 to ahput 1 Rangeme holgeut 10 NMm to
about SOl}ﬁq‘&nm&g%ume%Pfﬂgs %&nggmg 3\&1&%&%(339@ ar eaoof geach predefined
regi on 22dermy3‘heo ctetdinatd ﬁhedpdngtlonhef theagyatoin) rFDISﬁX@mPEefb@SQMfPBW and anal yti cal

devi ces and tef erred substrate 18
is dlri gr‘EPmS? E’ér‘r&"rﬂfyg‘?f&heﬁﬁ tP esu?sgé glgg%{%:i?\&db%%ggnd supporti ng
at | east @i&?atéhfalsttﬂihemakwﬂw toau@g atreadhqmc’aﬁsedjregmﬂrﬁy ermtrelﬂmgtbe 18 has at

| east one substantially flat t]:z)ajrface 16 hat (f ﬁﬂ{% t@e plurality of

pr edef i nedplivesytheontroller may, contro, g o FOFSg ﬂ&’F‘P"I‘tgHa M EE however, may have
raised p gp}rlrlkﬁ ﬁ&fﬂﬂé{ﬁlscabgbbjecﬁ%w @heRRakbgaheddnte phojectivd ty of predef i ned
regions 2 e substrate 13 may any srz and shape, but preferably
i s |n a dingle, thi symeing petween the dgliveryanec ‘@ﬂ% as in a tape

or r I bﬁaemeaame 18, -7 29
Mar ¢ 200% 3@%@3‘59‘3%@@5‘?%@1‘7%@ gléz%s?g&s%éndr ng to the delivery area
24, typi cdlivety aadcusing af the déliveteti atesinlgshotesting ofithe toatingdibasy, abbut 1 ne,

pr ef er abl |n1theth§n g oftsabout 50 nmm2 to about 750 cn2, and nore
pr ef er abl P© PR Q ﬁ% reffSabout 1 cn® to about 500 crg.

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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The substrate 18 may be secured within the systen1102%H@Mﬂb%ﬁpioned 5in
the delivery area 24 by the hol ding device 37. The hol di ng device 37 may
novably position the substrate 18. For exanple, for a substrate 18 in the
f or m of gated tape, the holding device 37 may,/ t ape

pay- out vﬁg(\’/zlﬁgggand a tape take-up device that are bo?%ﬁﬁgr%?%t | e and t hat
support the tape, possibly in conbination with rollers, in the delivery
area 24. In another exanple, the holding device 37 nay be a 10 plate on
whi ch the substrate is placed and secured, where the plate is connected to
a notor or other actuator-type device that controls the position of the

plate rel &kh\é%uﬁs?ratctaﬂgygﬁnh iggl?\f]c}éﬁdg)%ﬁégn ﬁ)‘e%\fpégi lgﬂgpft? reab}S t:Q0bduale! €r 26 may

control the Novenent ) o control the predefined
regi ons ZCheausio32umiay he fdnmedrof aonigidbrssemitrigidenateiial, oy theanhsk Bey bexanpl e, t he

control ler 26 ve, t he. holdji n eyi [ et erm ned
ones of t%&m’ﬁﬁﬁ%’?qﬁ%ﬁﬁ S“ﬁﬁﬁ‘éeaﬁ%mrégsq?geg%g ralélg,%g?%l%%ﬁ%lsq%gxg%éﬁgt he delivery
area 24 apgrdshier teank thais flat asiposstly ndaesistobenting andsbr follingmduatlal s 14. The
delivery area 24 is _an area at_a fixed position within.the system 10. The
del i Very @peplepof magh mpderighs mgydestiligoa. Sglu“%gi"?éle ﬁ?ﬁﬁvv?%;g?réﬁl‘r?ﬂ but not
necessar i L. S ' Fa[als onelslsafd SePradki-gdider to the plurality
of predef%%gﬁlf%%?%%?ﬂéﬁ%?%ﬁ p’Eaﬁg&’surfgce 1%901‘_ rt he .sgulbst rate 18. However,
t he pl ur atltivelpfendetdelmpicrials in thefoom of steets. s pefofs@and liflog@phisy nuch smal | er

than the deliv ” s ' b5 .00 : dfehdwery area 24
provi des Pa??ﬁéﬁ’é{%?g( g@%@%iépd g@%a({hgﬁ?%rn?a?ﬁgﬂs@@tf@% tieggtt“%)e e?‘?é\l/%‘)ré t he

pl ural i t ychehicalah®aks.al s 14 and the surface 16 of the substrate 18. The
controller 26 is a conputer system having inputs, outputs, a 25 nenory and

a pr.qcessor for reggivin di_n -0f i signal s and
dat &Bt 0 operate, ‘?‘E‘%ﬁk%??zasg’re 5%635%%%@\%@%% %@@ﬁ%ﬁg_ )(/1 control the
oper at i orrel@five th i€ de)iedre Aled 04 by the nwantinpadelviee 326Thembuntieg davieddput er syst em

having an interface  board for_integrati al | .t he .components of the
system aﬁHade%Pﬁfd??s@%ﬁ‘F&FﬁS]é?’z-f%’r‘ega&?ﬁ??%laﬂlﬁﬁg{zﬂb&%ﬁﬁ?s of the mask
32 and s hidd Serdidigid RBteRAMHabiak b Bluraliy Sfptterss, 2 Mty &6 390 02/ 28522
PCT/ USOL/ 21321 i ncl ude a keyboard for inputti neﬂbdata and (':‘%gmmnds, a video

di spl ay froay igélugs asppappy-quh deiceand atepe ikerun dpviceihalarg koth 1ofatable ng

i nfor.mat i rol.l : -“g@aﬁﬂ'- : LAvREeR: firmare,
andqgt hera%githnalr%hgjp&gg}r% r?éﬁd';ssélggn C|¢1cuﬁb#rq€th{§%}é¥)%%@g€ﬁg theﬁhsystem 10.
The cont ravéd 2 h2 Gnotlsey exenpde, Sormaghask 32 v the formrof & rigidepateral,dhes pl ural ity of

devi ces Mo king ol Roe 33155 ' plitorS SPS shifordhll shricrfe TofitedhllYo 4
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

-10-




communi cation with all of the other components of thé?¥Maehe?f0f0, incl uding
the delivery nechanism 12, the plurality of materials 14, the substrate
18, the mask 32, the curing source 34, the testing device 36, the nounting
devi ce 3§)@ﬁg$ﬁhe hol ding device 37, to coordinate t ﬂﬁﬁﬁigg'ons of the
system For exanple, the controller 10 controls the delivery of th
materials to the substrate, recording the exact conbination of materials
that make up the coating at each predefined region. By controlling the
delivery, the controller may control one or nore of the material volune,
the conbination of materials, the projective power, the coating speed, the

projective angle, the spacing bet .the deliver chani sm and t he

subst r at evadiptinn dpaieR hepmIEUGaHEn W%%ﬁ&?‘@”ﬁﬁ’_ﬁ%?ée{%wsgga control s,

synchr Onhagtﬁ?alg,gmbﬁ%v@mic@,emasﬁﬁ deiBe ardQoibibyom ey | ng of t he
materi al's,

delivere e the testing of the coating library, and the analysis
of the test results. The nask 32, is a material, havi ng one oL nore patterns

of open areas and The trstiagfesice 3&is aghuen foraRalyzing, s per AmAReRt, del i very of

the plurali f ' bien M Rsstrat 98.1Bhetpding ldevikd ocked ar eas
bl ock thecaﬁéﬁ@%P@H%gﬁ%ﬁ%ﬁdﬁ&ﬁg@s be in aqr;;éQ shape.. The mask 32 is

utiliszed 3@subljebistie dnlie wpttg libkary 33 fodhe ssmespndiens i ender tp ASPIEC coat i ng

library 28. |n.a binar Ki . , sk i ncludes a
plural i tyg‘ﬁfelgla‘{?tpﬁlif?f?ﬂg eg‘%%%érher&gg%%%ﬁ@%%ggc%gﬁg%g%g@gl ow delivery to
al t er nat i pgideakhis inabRatnRAtidnthsthbamtraller 26 8 order taicompileand e8adyzebed bel ow i n
nmore detail. The mask 32 25 _nm e.positigpned ] i tyween the
pl ur al i t ytheteshdata riuiplle example #ﬁ%@%ﬁ%ﬁ’ﬁc?ﬂ?@m&@?xﬁﬁgﬁkﬁgﬁ é[ag’oéévieti oned
directly nga%ﬁﬁla erdRtuitrd vioRA tRNL”) ¥hsbibatde@estan esdetardheesigdnongstehe | i ne of

e

delivery o raterials. By increasing the spaci ng b«%t en the mask 32
and 1a he spérsiestility taster, and othef smilardgyiresdhat &by etieRy™LPL ?#\‘gﬁuced whi ch may

be undesi rabl | [tpﬁ“‘ PRESRs of Dccafigglow ng, the pattern of materi al
del i ver edd?°8ratﬁﬁ%él{s?lu S rac{eﬁ?s pPop%rtiﬁ%nal to the pattern of the mask,

but larger, as the spacing between the nmask -9 29 March, k2005 WO 02/ 28522
PCT/ US01/ 21321 and Refferisgiodtig. di esouroe d%of tha delinery Udhesaatyd’s B t o expand
until it reaches the substrat. 1BE o RN { 0% &Hze@ rigid or
seni-ri gi @eﬁa{f‘@ﬁ%&a&m&s‘?ﬁ%&%@gﬁ%@ﬁ% I%gﬁem cal for med on the surface
of the sulpipaized sthle &fithiredn enyelopeeiOniat prefeadblyofncompassesdhe deliveshipesd t hat t he

xanbl o5 8 s tnabE R A ErE 8rer s i penerty A PO I2E ass or
f iogi ge(r)n_r ] I;lfegilogﬁ ggédi%fwm abiehd @liedr aleshanshadior ewmpleethal s and al | oys
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 being 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 cqntrplled by the shape of a nozzle on the '
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rel atively bendable materials in the formof sheets,29Mah 05 oils; and
| i t hographic- polyacrylate ("PMVA") and other chemical materials that form
negative and positive chem cal masks. 10 The nask 32 may be secured within

t he sys nd positioned relative to the deliver [ 24 by the
nmount i ng ezélgscﬁe1 35. The nmounting device 35 may rmvat}'ly(‘ﬁtbgggpﬁlon t he mask

32. For exanple, for a mask 32 in the formof an elongated sem -rigid
material having a plurality of patterns, the nounting device 35 may
i nclude a tape pay-out device and a tape take-up device that are both
rotatable 15 and that support the tape, possibly in conbination with

rollers, demeal Jnxglag@?qitlggoaﬂﬁ'ah\éﬁfoﬁ? aQb@Red hith b2 RARENRBEENAPLS, for a mask

32 in the formo mat erial, _mounting device 35 nmay be a
pl at f or mbgwothet shepe-defimig structyres orrdevices assasintadavithstie dedivery mashayistdr ot her
actuator-type device that controls the position of the platformand mask

retative 1o the derlgehy Rigds2ts Whiodld RYGA98 BALIE Dulle 38 NuMber of

patterns 20 to be u o0 "mask different predefined regions 22 on the
subst r at ¢adBpdiyt of flerue A fur ddivetiipthermsterigl4 camncalinghyitht deenteopeinicldl er 26 nay

control t venent t he nmoynting,.deyjce 35, t0 contro e predefined
regi dns ?%’8%%"%?"%8{' h@eﬁﬁlfrger#ga}? o %e%lfoe&&gﬁstpﬁllgﬁ&ﬂa l%ﬁ%m%g ring source 34
i's a deviggBverPanpRi i ibe GabitedindMd fibeatiallp berpéirdicubtontheinadatd of thé material s 14
to cause a reaction or a solvent evaporation wth one or .a conbination of

t he mat edpliyesy areag4 athassnier ot d4y Balerring o Figy4.0be Aos55psHivRtli zati on, a
Cross-| i %Elamgssﬁﬁ@ﬁk is® %ﬁgfﬁermﬂe FRLRIHS 80 (sBACLiR lateANdinfALGEGRGH C Phase
an ot her si ar

reaction, reactions appropriate for the delivered
nat eri al (Fig. 3) Githe ddliveryaxea?dlobs canting deliverell fgmstbeisetup sFigris Mille a heati ng

devige in.c ni i W I ‘ h 2005 WO

051 36525 scaR YRR gk b Sboltfhy pBBeR AR HE pblle ador dOuciiafaban, 2000

del i ver edypisllg hasd 3-dimientibeal sidhstiddle Gausskner nadng] digiribitgmoWhee devi ce, a

pl asma devi.ce and_.c i nations thergof. The testing. devi IS a system
P or - nal yibesHans of fiorotim BB spepor s ningiiiainhe PR Afaedte, oo nor
coatings tﬁ@ceﬁﬁrfz&l@tﬁyﬁﬁﬁ s @udiSminiembgeahily iy dieuttcdde dFti#6 subj ects the
entire coating library 28 to t he sane _conditions ,in_order to, determ ne the

el at i ve cprieine. nither, gre seueh3dois gosoned at yediel spAuae ELRIANG L 9. The testing
~ devige 3@1&& 4h Br GRUERLARL AR 3 ThE e hligS0 afifod Mo RiiAler o compile
and anal yze e test data. Suitable exanples oOf

a testing device 36
i ncl ude awitithisd lofi e shighnessi freftle 4&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
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surface analyzer, an ultra violet ("UV') absorbance 22Maseh2@5scratch

resi stance tester, 10 a perneability tester, and other simlar devices that
test architectural, protective, decorative and other functional features
of a coatd eferring to Fig. 3, a source 38 of th cqg(% of the

mat er i aI%‘tsd'%Jz(’:})sr%ge the delivery nechanism 12 delivers oﬁPe §o¥f§1é¥1pl urality of
materials 14 in a vaporized or atom zed state within an envel ope 40 that
pref erably enconpasses the delivery area 15 24 in order to obtain coating
coverage over the entire delivery area. The source 12 is the point of exit
of the material fromthe delivery nechanism For exanple, the source 12

may be the nozzle on a,spra . dt.ma e.desired in.sonme cases,

however , Vﬁﬂ?d@Goﬂ%whﬁwﬁpm%éﬁm%%wwggﬁ?%’eﬂ&%fi very area 24. For
exanmpl e, endhB@infRRY Bk REkndR pidhile 981has Llitertad TR asshndtibwion odthtahe del i very area
24 when a portion 20 of the predeterm ned re%:{ons 22 . 0f the substrate 18

are not tieclived @846 elgsarieithg soraeqdtzpd ap glopgateddail eng BeadlmsFEY E08ht  del i very
of the ”‘%ﬁﬁ?&&% Wthﬁd%ﬁéaoﬁ%wtdgﬁﬁss iI%ﬁ:i&ﬁyslcégﬂﬁ wibf tBhidk@eef any conveni ent

shape, inc g: coni cal th varidus cross-sections such as round,
el | i pt i cairoflads vaies arbgahtially livearly-withihe engtivalong thedimensioa S8s dheect i ons;  and

a thin li.ne.shape. .The sha . pctated by the
shape of 112&%%&6?%&@?@}%;%8 5%?&?%@%@&%@ S?Q?Bﬁg %gﬁ)?ég 16 of the

subst rat glefifhry 4:8£24] el thiiekness ety langess ovi2d the kmd aféhe diesinsiomipysigt i on of each
of the plurality of predefined coatings .30, t sh a nber of the
pr edet er Fhs@elined fpiloi§and sedugipg! S@?m%&ﬁ’%@e@g?radqﬁ%%&gﬁ &r  of

mat eri al sy élsgﬁicgﬂesggﬁ&%%%a&gmlg@mg@lgstrate 18, and simlar factors. The
shape of the envel ope 40 may be controlled by the shape of a nozzle on the

-11 29 March 2005 WO 02/ 25522 PCT/ USO 21 del i mechani sm 12, by an
ai r 18hroud associ aR&ETREiNFigHR TR RoFRR %‘é’&‘i‘?&’;ﬁf‘g’rﬁ&% Soge r

shape- d efdlélgei@ oﬁ&cﬂ&&%‘%? Iﬁ:elﬁfgﬁﬁgtﬁk ErifSIIGRbibRA avhd GifdchdstaRleisver y

mechani sm erring g and 4, in_a normal focused set up 41, the
sour ce 3dn thegdana ofthe delivefy drecifsalong thedimgesion ) frovg theigentprpoditddy 14
coi nci di wth a.center point, 44 5 of th el i .area 24. The source 38
i s posi t{}gﬁlgﬂcqsg "me’feg § o “’e”‘e4t6ésr?tﬁldgﬁ‘£f’r%f%§gcg& gu\ﬁgt%}e{?%ery angl e having a
cent er | i NRnAGdEMASH aftplak UY oPBE BEnGyCitAa4, the offbet dstantesisof the delivery
area 24 at the center point 44, Referring to Fi 83 % t he crolss-sectional
t hi dknesssupstatiplleeqivalenbiodhedisizental SpRoing ‘%\‘Q?SSPWH gHop M2 the lateral
di mensi o ' iofrikNB. A8dol NRE thaPh€foiRtbf Weud feza@elivegy del i vered from
t he set-l?BBIost%?g?P%?“@ﬁ‘%r@o.t_r?’e del_iaverg0 angl e a subst,‘gﬁst(i ally
per pendi anéchenism map be positivaed withif therdslivksy pige prousgidef 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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typi cally has a 2-dinensional substantially Gaussi an2dMaudy 205
distribution. The thickness profile 48 therefore has an apex 52 coi nciding
with the centerline 46 above the center point 44, with two equal,

M rror- g ils 54 on each side of the centerlin r , the source
38 is p05|t?%%2d at a vertical spacing 60 relative tgnFﬁ§0%%§%1ane 49 of
the delivery area 24 (Fig. 3). The vertical spacing 60 affects the total

wi dth 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 wthin the dinension 50

of the delivery arga £k i S1S7 Qe apex 52 and
gradual |y reducing | ﬁ&ﬁtfl é(}’?tr@(%tolﬁgfﬁgqﬂ’om ta}'%%séz%tf centcﬁ?hﬁgﬁ%& Referring
to Fig. 38wilhirghe deliyerydirdaddull daryaepanging on thehvertivel apacing®® Yessgeent he poi nt  of
focus 42 40 ' ' el colnciding with.the center point 44
of the. adie¥uise st Biek e hSeRBIPhb e MuiRudS dilolt R RN Thal *t ne
cent er | i fiatd$ of dfe thinkneswyirefile 4B wils vary withihehe detivyryarsg/2d depehdingeen about O
degr ges

nd, about 90 degre 25.relative. tq the plane 49 of .the delivery
area’ Fu?lﬂaan 1‘,’“15@‘@3%%’3’0%@'?%@1’3&}?5%{?“88 S‘?t%ﬁ%‘ﬁ%@d Wg‘ﬁqeithf’eﬁmﬁ“crt he source 38
i s | ocat gk mEleand SehfaOMb BbrizofiaPphdifl SdTIFRAREtA3e WPl thecent er poi nt 44,
The horizontal _spaci n? distance 53 1s a distance in the plane of the
&

sour ce 38l2faiaFprexample; Erpnaiadin g, the thickeesaprafiled8may a and spaced away
fromthesu&-ahg%i HaPHAE BinRfliol ) AYR delifhly bR 94 Wbl spacing di stance

53, vertical spacing 30 distance , Ivery angl’e a are all
mat henat icembingtionrof delivetyaangts, horidontalyspaving and 2{f39 divkencdy WHIDEloO 02/ 28522

PCT/US01/ variegd t.0 .positjon t hi cknes rofil.e 48 wthin the
el tor y BHEE bRV e foBeS reriPed id BT DA UBUY Tt Frdhs ' has

di st or t ethagaredsalrehadgetironballaigest thitkrsssaun theiaped $2ted siallést heckadsoser to the
source 38 and,an glongated tail ,end 58 trai.li away from the source.

W t hi n tﬁ'ét%%F‘i%‘?ﬁﬁftg%ld‘?'&Pﬂ°$§a¢%d@yﬁV &5 i;?fe_gef? ASRANSIETY he t hi ckness 5
profile 4iNed sudStafiang onktantihlckndsé RABditel siMbhtht MEcknBRG kbR @RI t he

di mensi on 50. Thus In this case, the thickness profile 48 is distorted

within t hendedauel theamdysisrof theplurelty plnsedelinpdepatings 301esocipied Milliss bei ng
I t « t ' ' i ' ned tail 56 and
r 2{18%%9%%%?0@&5%% %ﬁoﬁéwa%g%wdg%%fﬁé@%éﬁ% he a:ji rrens?gn
cor r espongtpgition. Ithepesitiomganestantially codgant iickRessenatingdibry §i g. 6, in an

| of f.-f t 57,.th 38 th int of.f 42 f
ol 1 ver | RGOS BBl ok oohlfy Piitaim R RS bEE ifuflsabamsg” s 1

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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in the plane of the delivery area 24 along the di nen3d? ¥rg0248om t he center
point 44. In this case, where the centerline 46 is at a delivery angle a
substantially perpendicular to the plane 49 of the deli very area 24, the

of fset PR ﬁg 59 is 15 substantially equivalent to f:fsﬁont al spacing
of the source 38 fromthe normal focused set up position ? I'g. 4). Al so,
note that the point of focus for a delivery nechanism my be positioned
within the delivery area or outside of the delivery area. Thus, in this
case, the thickness profile 48 is offset within the dinension 50 of the
delivery area 24, the thickness being |argest at the offset position of the

apex 52 anpd dua reducing in a directions fromthe_centerline 46.
Referrin ?’E‘r‘s‘af ‘g!tgeitgl"&cﬂééwogﬁd"lggﬁfegfﬂs 4&?@%%9”&&)‘“??&“@ A&dBurce 38 has
-the poi ntas‘ﬂfeyfa%ﬂéﬁvélrgd {oQhe ﬁ%ﬁﬁa‘(eef@ 'Tﬁlstchﬁtldﬁ%ﬁseﬂrﬁﬁon]iﬂajp&sﬁnﬁérfﬂi’ed at the

of fset distance 59 along the dinension 50 fromthe center point 44, where

t he cent €ionilinearqdeperding ongvarighles suelr 45 thndglizery apgle ﬂetbﬁp@tﬂ@i!i\te Wwsegr ees and

about 90 g %%rcﬁﬁ\?el%ﬁie@a'tnﬁﬁl IEQF&QEOVB{)%&% iatdd %hgg%hfspﬁrfcg 't%ec%gﬁl% ea 24. In

this case, becaus Iver of focus
42, bhe rspeedmamatntsaﬁamtengi cﬁﬁosﬁédpdnammmcdheﬁedfatumﬂtch&:emﬁml f ocused

del i int is. areat the offs 59 int of f
Lo the Cehstta HpSE g gy REpRineit e oI bt 071 e G5 o

even nor ehsﬂaxﬁéwamlewmd’elsla rélhtezet@lthereétﬁér@a@m Qe Kofieorlsllspaciiipys3ar ea 24 than
the set up of Flg -13 29 NMarch 2005 WD 02/ 28522 P /21321 I n each
of the séf eRbsowre B fgdhe center poipfetds the shape of the eqvelope AP exehﬂ@gfnbﬁ@n le 48

withint al spaci ng 60
%@L%hérxw (ﬁ&e?aer%éea%ah eysafaané%%g bf@sl ncatnyeas eB6¥itid p g

bet ween the source where the flatness w | vvlt i ncreased

spadPng. aﬂdmthnwmllmfectoml Eachef thegsf varindestidychervaried ipdividublly argnwi | | vary
W thin t;&gﬂ%ﬁ%&ﬁ?p#&h@%éﬁ dAE0F 8!11{%“6}%%&3%11&&' Xx‘féé( MgLe a, horizontal

spaci ng set ance € sna e ahgle and
greater talfthodghmbizshntva,lamméﬁmgyaagomﬁcﬁlsébetdemtmclcﬁ‘m éduxuemadse t he

fl at ness ex le, referri to thlckne oflle 48 may be
subst ant |ﬂéﬁﬁ Stfaitegfg’)P"r?feﬁ?zyﬁuﬁ%ﬂg‘? th'?ﬂ’g]zﬁ’é %4 with the

proper aRSatdd iteamyof delivery angle, horizontal spaC| ng and of f set
‘di stance. Wth closer 10 spaci ng, however, the thickness profile 48 in the

di repsion 50 of th ell area r adual | nge froma | argest
imif?(ness at the a§ oy, 5ot \%gs%therﬁe m%eéwﬁ@eé ﬁ.ﬂe of the

dl nensi ofy gk radgeofi@dohy@rwammo e bR frol aB&ﬁtIS‘ntg abdd@wr ¥d having a

substantial |y constant thickness is desired so that the thi ckness variable

can be mistrresmblydton peoupdBityahiogt @F. Theevegtiogh speeing 6@mayyasy&pined coati ngs
30 associ;ghed il b About 90 cm, more preferably from about 3 cm to about 30 ¢cm, 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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15 each predefined region 22 in order to focus the sIUMard2G08e ef fect of
the coating conposition. In operation, a substantially constant thickness
coating library is achieved by calibrating each delivery nechani sm such
that a hi ckness profile is distributed acr osg. jvery area.

- Wen wH(fpfiﬁ elivery nmechanisns are wutilized, pref er'llg%%ﬁ]?%e sane
portion of the thickness profile is positioned within the 20 delivery area
for each delivery mechanism Therefore, the present invention allows the
manuf acture of coating libraries having virtually infinite variations in
conposi tions, layers and thicknesses of coating materials within the
plurali txh@éoanﬁg'lﬂﬁgsnﬁnmym@@ dxBstaflialy coldRntdtRThfidethibindly adtadsyi ng t he
vertical spacin the delivery angle a and the offset  di stance 59, for
each souﬂlefésuhgmg%r Tacfetgblys the ppurass eflaﬂtpws Aznd Bhaygegneptiyepoints ofRef erring to
Figs. 8 ghthsp hinin e@éme@bﬂ@%mls@ﬁce%%&%@@én@&bam4@5}%& ng system 62, a
continuously vary coatl ng library 6 formed on the substrate 18 by
t he si nuldehvesparea ﬁetg’déhﬁtth@hﬂﬁs# ofghe ¢aating llbIWtY if sybstpntially cosfstanhe plurality of

cachtor. Jorbe ARkPAL ey By niied RASLER bl G ARSI hARIRC L1 D or bot

cont i nuousind B/ay gonasllmg&ea‘&e bﬁm@rﬁtﬁlﬁﬁaﬂ&ﬁﬁteﬂ&ﬁﬂ@ HREmd8Gy L 321 t he

It of th fi ch of ,th t I
LS e G RS35 BB RSP 0T 1

vari ati ofERys bRy bé ﬂﬁﬂiblé?%uch@@fhtitioﬂﬂw, lonﬁﬂmﬁz{hﬂyﬂﬂd RBRrallg] fodBlags such as the
delivery angle a, the projective power t he deli veré(érrechanl sm 12 (not

shown) adabnlavattionsin the sempasiipn s eanh, of fh@é)r@@‘éleqdﬁ@atslgg et anpunt  of
mat e al el i ation of the :
mat Z?I al %%Rék%%ﬂﬁ?}eﬁ@l&tdl%wﬁ%@ﬁ%% sm ﬁ%@ vertafsggﬁﬁgg)lgm ng 60, the
of fset  dombinntion with wlateraily movingctong@ed sibsirate; ecstles inhsontamowsly poi nt 44, the
hori zont il C ! nt 44, the shape
of the e?&%’?@%@ ?0%5 a%l}go%é; aﬁ%h oeft]% Su{DS%:n %dﬁﬁiéﬁﬁé’mga%hper area and

pr essur e seurce Iﬂ)ﬁeﬂ‘e&ﬁlyaﬁ p@amnechwnmperdehlmppplaﬁa @3rthat isubstshtialiper  si m | ar

fact ) | |
cg(rzrb?:l:lt |96Wﬁ‘tg& &pﬁ@aﬁ@a\ﬁﬁc@(ﬂéﬁrﬁqg@gﬁﬁ ﬁB 4d‘<’:1kdc"he lg%éﬁa g(rj regi on 30.

Furgher, Inah AlReisheniRidintne Wowevdr, TRSlertiod] PRMRE6PETaEH R 3Ralapeen each of
the sources 38 and the substrate 18, preferably adjacent to or touching

the substidspendemlyasy toprqviderastitireny thigkmsssqwofile ﬁ%WFﬂﬂBrﬂ@r@i’ Very a%ddi t i onal | v,
referringgt ?Boﬂglesgsterwfoﬂﬁwl e%&'é&btﬁé‘ ﬁltzﬂle Out }‘%o?at‘!’e@%t‘iﬁoogg the range of

about 0 to a nore “‘prefera roma to about and
- plurality of materials onto the substrate to obtam 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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nmost preferably fromabout 30 to about 60. The verti<dMasgad0dg 60 may vary
from about O cmto about 90 cm nore preferably fromabout 3 cmto about
30 cm and nost preferably fromabout 10 cmto about 20 cm The hori zontal
spaci ng 20 vary fromabout 0 cmto about 60 c r referably from
about S@Z{Igéﬁébout 30 cm and nost preferably fromrpa(t]g IEj?gncmto about
20 cm The coating thickness may vary from about 1 nanoneter to about 1
mllimeter, nore preferably fromabout 1 mcronmeter (or mcrons) to about
500 micron, and nost preferably fromabout 5 mcrons to about 100 mi crons.
25 Referring to Fig. 9, one enbodinent of the coating library 64 produced
by the conbinatorial coating system62 (Fig. 8) includes opposing gradients
of mat ekiglckind aadrtlarBphasadipirae. CFhetsimercaniablgs dffcotingtho furmad@it o about 0% of
material A and from ut Q% to .about 100% qf terial ving laterally
across t He cogmeliggy ﬁ‘f&?%?r §/‘8?’rd8§ﬁ’g?£a%§1’%§mﬁ%ﬁ%ﬁ¥ %tthe ?%Enggurce 38 of

mat er i al jifraryPRNSERH HStebe! Fer FAmpR| thatilfive dirisoshion df teavatingi th regard to

t he deIivfery of the@r.rat_eri als topt he substrate, . -15 @9 Margh 2005 WO

02/ 28522 lib@y 1038 anpnaytss ¢ faciionafithegorizental spaces Segfistdidancedvnst ant i al | y
cons{ ant uar | LSRR ofiRApRYRELIAk R &eer abl v, the
sour§ce5 gfédﬁg'{e‘éflﬁﬂgé;&,%%% B havél respecotivepdpgi nts of focus 42 having a
pr edef i nedinbéfifems 420§ ¢awhsaur&3eter Gwitheh dhaquefewed spaging anlpngles flke  del i very
area so that the, thickness .of | L1 Rrary A H&@tantially const ant
5 across ]%eﬁémgﬁ%@?ﬁﬂa@t%%c %ﬁ?’@ﬁ%&vﬁﬁﬁ%&gﬁﬁcgﬁ‘ﬁ%%a@s%f) ié\(?:vi%ent tinme for

di f f usi oRxMipleyREres difbinssh ghnewete Bntujtaiwondy foctsed ¢p detiveradfine spfay efapor ati on, a

new material may be formed by the in-situ diffusion/m Xi .or by the

react i on e Gittarent f@te%lstt@MP%'rej{t‘lllflﬁ% a%ﬁ“@gc[dr %@"‘30%3%5@8? hgﬁ:gl 8 ?/ray be

movghl e, 7?/.“&1? ofihe @ﬁ{s?&ér@%lﬁ tloMied nQNEiverdpiaRd fayalieN® ahaveatiedllyy, to obtain
e

multiple variations int conposi tion of each of the@%ﬁdﬁi ned coati ngs
30. Furt lspaced di@ut Heom amdhesdebigerpaipap Burther gach gugvay pesl 38w and

different terials i b LAt o8, Wt ehahhy novi ng

el ongat ed SUBEY ee‘%Ofrl\%g@ptssallldnaclg&}(%%ﬁr@ish%gh@g3y&a€°§ 3? ng coating along a

| ongi t udigfistrate @B Slab 2 Bifbstahially Whsiilnedisk of Aiidart walehityrial davihg a sour ce 38

preferably is positioned_wthin eliyer | ane. 65 that s substantially

par al | el diagetes Gf abopLE &8 ga@i‘é?l}tﬂ?edg‘l‘rgwg gﬁ%%?%%%reg}ogwegeﬁge%foane 49 of the

del i eryfﬁﬁf B likad hadhk 66 PRUSHRIBOSILEE Mhe chding idderial iclulled t i cal spaci ng

60 (Il) eac s%qura%}gg%gs}aﬁay igndg endent |y %%ry to provide a different

t hi cknes2%payedthydmaByhacrylit )déusomgamdrselaenfmedm&é?n PEISyst em 62 of

provi des for thgesi LV e, 1£60F sHoWR) 8fd tBernil Ur al ity of

mat eri al é’l%ﬁng ﬁ% dé%@???g%hgae%%ﬁidn@%%ma% n@%ussl y Q/aryi_ ng coating
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
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havi ng gradients of the at least two materials. 20 R&Marghdd0fo Figs.
10-11, in another enbodinent simlar to that of Figs. 8-9, a ternary
conmbi natorial coating system 68 provides a continuous ter nary coating

librarywe ﬁ‘? Ieast three materials (A, B and C) of ﬁ,t w Lity of
material's fzf f: may be sinultaneously or sequen A elivered from

sources 38. The sources 38 are each positioned in a substantlally

i dentical 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 sane axis 78 as center point 44. Preferably, the circle 74 has a

di anet er r nple, the
circle #ﬁ&g g eggr‘g%?thg Hggﬂg aﬁnagtcgr;te }#&égg Ott}{g%)&ég%%%%dflﬁ%bh%é%el ivery area
has a di mmmferably, thém)mtalﬁdjmumﬂ (abmhbwﬂ)u)fcemhtdahwpniecﬁnﬁlsmrm 1§' he coating

l'ibrary 7 0 st em 0 conti nuous g conmbi nati on
of Ceach dRouHA TarERaY BRRTAR fise‘%qé‘?ﬁ%& fisih e eer g 02/ 28522
PCT/ USQOl /tRekai positibhif tHadGarfe ﬁﬁﬁé@dﬁhﬂhﬂﬁﬁsﬂ% ﬁreaumrng‘ f‘e‘r&ﬁ@h variabl es
affecting the formatron of the coatin rary %@. 8-9), described

1

abové, simateriat intheggliveryrageaiite Howaver e pquiltmf aqcys %foaf:aorl st em 68. For
exanpl e, rﬁéﬁﬁarﬁ%rlflﬁﬁ‘ﬁ%#é | zo% E&? GRelforh hﬁggﬂ@ﬂoﬂfo?g 44kl Rty 70 at any point

is a function ntal spacl ng et distance 59, 5 the
del i very eqwgalaltavffswd@t@h@rﬁé &ifacm@cbdeledewpnech@rusm 12 may dpvesdy of each

material, the r t he
preferredméqblgg?lﬁg fgﬁ%ls 4%’9}&3@ aﬁ{gleq?%ge%@g"r%%gsgﬁﬁ%lgég?jg:%r?E‘géig above with

r ef elr encezohﬁelxllﬁr Q%ied&elgnvd 10 Ctihblrwmrllﬁlv\;h@e ﬂﬁ)daﬁm'ﬁmetﬂanﬁm mamglim?;rsh guns were
si myl taneoysly fqcused to iver a fine three djfferent

401 a1 Stpreaiell e ave KT Esen to e e B e enraoe et “up 61 (Fi g
10 7). Alkigof) drigR &H{?éred"ﬁﬁt@nﬂqii b&m@w@,%thrat &aﬂ@.'pbﬁ%)bfﬂie@@l@veﬁﬁr allel to and
vertically ™ spaced about 15 cmfromthe delivery area. Further, each gun

was posi treRddanddiengathe suafa@relﬁ Qféh%ﬁ“b“r?@#eégaFBﬁheéﬁb‘tr@e W§Yand a hori zont al
spacing S cﬂémmtne@n&%Pgﬁﬁonhém{ﬁafc% b ¢ ?ﬁ&p%faﬁ% ially circular

di sk of silicon wafer nateri aving a dianeter out cm Each of
t he pl ur glositign ikt gilowd éfei paraiielrar ginouitsncpey deliséry ofla plurality éfonaisrtelscldat i ng |i brary

havi.pg 6 redfrndc t| The,coating material included 2%
pol ﬁ:t hquﬂg F ﬁ@%f{ﬁ&) 241 so- propanol solvent m xed with an

organic pi grrent After dep05|t|on through a ternary or triangle mask (not
shown) and t her nal Thmaskrﬁg,prﬁeralﬂy oanprisexaplimatityl of patterys 84FignB3)66 di sti nct

COMpOS] 1,405 e, Qeneal el Lo fe LN LN o5 TNS.SIRL i44ER, 200Ut 2

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

toluching 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

18-




20 scales linearly with the coating time. Referring 2dMargs20082- 14, in

anot her enbodi nent, a conbinatorial coating system 72 includes a plurality
of co-focused or sinultaneously focused delivery nmechanisns 12 each
fixedly ned to sinultaneously or sequentially r.,,one of the
pIurallpepgﬁgigterlals 14 to the substrate 18 througﬁxgﬁkéﬁﬁsgb 25 Each of
the plurality of delivery nechanisns 12 produces a m st of atom zed
material wthin an envelope 40 (Fig. 3) that intersects with the surface
16 of the substrate 18. Each source 38 is preferably positioned in an

angl ed, off-focus set up 61 (Fig. 7). Preferably, each delivery nechani sm

78 s Pty RESE RS R ahn e e R Bl 98 s orably

has a hOIﬁisE@Bﬁcﬂofﬁﬁﬂﬁhg’I@ﬁEﬁséIEi@nn@}tepsa(mnad:els%rf)ﬁ@pﬂobideacent er 76 a -17 29
March 2005 VWO 02/ 8522 UEng%t[ 321 |l ess than,ﬂahe di stance from
the cent SFCIpETHE OHBa r‘?&‘%‘ r%ft%'sélas tratgy ISy eof erabl y, the

poi nt of rﬁ?%aesﬁablér@m&&s?:Wheafse@@ﬁﬂg iﬂﬁ‘é bdéﬁﬁ h tiSMcligndls focused a
substantially equi val ent offset distance 59 (Fig. 7) fromthe center point

44, 5t heP@[ﬁ?ﬂlﬁ‘b‘ghqr? eachqge enrcoginatigoniitheneating layrs pmyidrarétegstonet i | e 48 (Fig.

7) for e ngﬁE t ng}ﬁy the point of focus
42 for eggﬁ e |vlg¥§lﬂb%rgé(}h§£ﬁ%s?ﬁ%@f¥ﬁf¥x Fe?gﬁlélllrse O%Be of fset fromthe
center pomnstruaﬂéaschmlmrtg,hlghttehffﬂcplﬂlqmﬂemhnga‘(fﬁeﬁb adifgttaright 53. In fact, each
dellvery f f.ocus 42 I ncl udi ng one
Chat rex ERAORRY BBl Rtn FHE Do ctifielt SulBidion® o BEIARIS angi ed rol at 1 ve
to the sitchae polihorithies, olybabatates, wiryy potpabiostiicones, and ilidagak 10 with or

radjally_spaced away, fromthe center point 44, as |on e envel ope 40
(F.B? 3) Feptheper GHOnDlpcrllebls shre 5 Inelulg psramarnGogrd YA onp“éfégt a portion of

the del | Yﬁﬁé’mat@ﬁﬁ@reaﬂlre é%ﬁ‘iﬁlgl hﬁéﬁ%ﬁltéﬂ[@exﬁhiblfeﬁﬁﬁa &:@m@%oﬂr&%4 Rsiyate 18.

Further, the delivery ani sms need not be p05|t|oned about acircle,
but may b@ludnabmplﬁ@amawia@b@mblwf wnagthamatﬁmlsmh@nwma@rqwf or

or t1 on SR RES g ato did ol @byl (TP ShuR 150,y o hetelh, 2257 °

IpI uralityf ?buml@tmmrtmsb(ﬁmm”[ﬁug, arfii3hore prefaratiy aimwé bhomb?nmlhnurﬂ.nd out of t]tle
in ivery. nat er er..to contra e coating o

i £ Por endBisy LA bR gV e S Py o e B Rt iiiciter SPEREHabat i ol e 1o form

a coati ng d papdiR! Hskien, efthe by dhibinifg HiffertgtmakRigGléind Witlridfered® as bei ng

spaced Zﬁﬂggart fromsubstrate 18, referablx the mask i s a physical
cont act piepygpormgaterials, 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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“touching or in close proximty to the substrate to e Masgh#WBhadowi ng. For
exanple, referring to Fig. 14, the system 72 may produce a coating library
82 having sixteen predefined coatings 30 using four (A, B, Cand D) of the
plurali { terials 14 in conbination with the fi atterns 80
of the m@% (Fig. 13). 25 In a working exanpl e of lf(ﬁléué%{szefn 72, each
delivery nechanism 12 is a sprayer nozzle that atomzes a |iquid precursor
material 14 into a fine spray and directs it individually or in

conmbi nation with other nozzles/materials to the substrate 18 to nmake a
coating |layer. Conpressed air, superheated steam or an ultrasonic wave

may be appli.e o the liquid terial, to generate.the fine mst of the
i qui d nas?lésﬁa it %Blﬂﬂo qqsfuﬁa’n‘%?eﬂ? @? ?aw%a%ﬂ?mﬁ%‘fﬂmmp@ﬂ ¥°hg | ayers may
be devel dpestiyiy pesiAsene Elfb_gtrzlltc Mllliia]?hd\@lifégy 2RASPWRIdAEd Bitweeh tRCT/ USO1/ 21321

S romthe

the delivery of the materi ] lurality of sprayers 12 in
combi nat iff?hvw mﬁchaamg’édg fhe givstraie kT g wﬁééhﬁgnmr@m pF d@;@nbps (i f
necessar Witk " OpY r ] ; ' o foi ned regi on 22
(Fi g, 2) iy 8. e s 32 RAIRARY BRRIANT O Wit o R 0 e
sear éhi nglufiag vapor deposition, aminimizethet Shatflowmiog effect” BhepraspdZ is es where each one

or a conlj | . coat,i r vi d at_ l.east, one. of the
functi o%aﬁﬁ’fggg?ﬁ%né’g%ﬁh? Bta‘%af:@&‘f)g%ﬁ Sfj?ag‘if%é&aéﬁg?‘?}“%@?cﬁh%%ﬁﬁ d not be
const r uechoasing 106iis inngmuemiphtiordiifif e main Housig 84 m@ahinngSto pAidifinare fed to
eight individually_.controlled spra . JFor exanple, suitable liquid
coating ?%P’P%%.Ereiof E@Bﬁﬁ%‘“ﬁﬁg%{@@% %g&% Burthee, %ﬁﬁt}EE?mg/Wﬂ/l pol yner,
si | i conesncl@desla Bédr b6:21@nd niélombiet 1R for he¥in@ KRR BuringUickRRERLEPT &Y guns

i ncl ude those manufactured by SonoTech. [|f the material's redquire curing,

t hed¥ sui ttagorositian ghtbe easkopatigrns 89 with respref tochaepbetratey18.1) i ncl ude a hot plate
and a UV | anp capable of curing the naterials at tenperatures of -about 80
to about 200, and Fipfuer, BeQGREADD hap BtnalkPRad BRRON AR 06f OF time peri ods
of about 10 min to about 10 hours,” and nore preferably about 1 hour about 4
hours. 1%awiRgene of mosaenerares i tasgledi aue erymere paterialsiforysinyfitapeadof i ned

multi-Ila i i : .H'Q f i j.t her conbi ni ng

di fferen%é&{lr]gg@a?ﬁ%ﬁg td[ngp %%g@ml%t% I é) gf;rg#%lﬁllaﬁé%&%; é@dulég}ﬁ)?abﬁ%teri als, or
by a naskbmested mormpion i dithairhintes thephwted embiperstre 1 0% to soletiahe wlid, t aki ng

ad t age_of. ariatiqgn, i,n spacin d yol of the liquid recursor
ot 51 o st e BB nie i B 5 dh 806 chineid Fstoen B IR Ehe. cont | ng. 20
library. nideibgvicutis féed-tiodgh. The quintBNef deBésittmRA dieRaidrials?l q@poOr deposi tion

conbi nat ori al oathi ng system 9Q includes nultiple delivery nechanisnms 12
each co- monitored with a thickriess 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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focused, or simultaneously focused, for sinultaneouslyMarchE¥entially
delivering one of a plurality of solid nmaterials 14 to the substrate 18
positioned on a novable stage 25 92 within a deposition housing 94. To

wi t hst argh §igs81 gh tenperature of vapor deposition, f'é)ﬁus% 9 fate
conprises a stable high tenperature material such as magne5| um oxi de or

| ant hanum al um nate (LaAl(Q3). The deposition housing 94 is sealable to
forma vacuum chanber 96 within its interior surfaces. In this case, the
delivery mechani snms 12 are vapor deposition devices, such as sputter guns
powered 30 by RF power, preferably matched for optinum output. The stage 92

supports the - 205V\DO 21 substrate 18 in a
non podERs O fidme piamGriin siamr it IR el 0¥ et $gr e dediilnar v or

| i near |y abovepothértsuitablé MVsmbﬁchaﬁsmsmhﬂdeemer dbbdtion electran Bam Posi ti oned

bet ween t he del:ﬁ( y mechani 'ﬁgtggglas .Substrate 18 is a mask 32

havi ng arPVapoFayen 7 §16- %‘rﬁ‘ay VRGO §Inerale ny ef er abl y

subst ant i;drbahid ébaﬁ@g“ﬁ@ﬁ’ieswrb h’abhbﬁe ﬁrp&ghﬁ@&@:ﬂ%h&aﬂué bdfbeisdipor  deposition,
to mnimze the "shadow ng effect. e mask i s, novably positioned

wi t hfn a npdirle peuetedharaal %pqsatw@ aﬁﬁ@ﬂumnhﬁgnﬂn@@nasmgsw&gkmammsu ng 100 is

in commu ti ain the
at m)sphe%gtq%f T% F%ﬁé%ﬁ%@% ha%‘g?ég% ang g@?lp?urtﬂefrﬁ?r gﬁdr}rlwrahsk housi ng 100
i ncl udes for we &rorganic PR emittngdicdedekIT) d¢deesf or novi ng and nmeasuri ng,
respectively, 10 the position of the mask patterns 80 with respect to the
substrate 18. Further inncl ude a shutter
106 havi ng one orﬂf?rsoapg&aper ﬁn}eﬁ&éﬂa%@ﬁﬁﬁo P é#rﬁlénégﬁr){%@g materials for
si mul t andmeatian, a comabjustotidl abatig systeat yndanethqal: éNlaMthe mlvartmnhamemf mat eri al s.
hutter i,S_nmov cannected to. a r 110..t hat .rotates the

-srﬂﬁllﬁer é’ﬁ’amé]ﬁ& thema aggg%}abeglépg@guqcﬂ@ E”(SIFPr&Pt g Qinets herept, \ apori ze,

whi | e tth\ﬂi‘ﬂSJé Eﬁ\%&l&&d‘tbﬁp\rahﬁtl&ﬁﬁﬁkﬂﬁddlﬁ@&ﬁbﬁ@@n\ﬁe%ffcdtémadperﬂ@iﬁbfOn vacuum
feed-throu uantity of dep05|t|on of the materials 14 is nonitored

with a t ¥ %Jéglgllwhwwi gyt deraTeng frompth e§%ﬂ?ﬁ°£§leawaﬁ%ﬂﬂt Fughejsif g
osci | | at g, obe%ﬁdéf&@&i;thé{ R ol %@0?{%1 gbg‘lﬁ&&%Hfﬂfe%h% Sishags through

different patterns o a su rat nor e han 100 different
coat i ng candrﬁmsbhvwmﬁﬂthg/matemls tufomésccaimgtﬂecl@ﬂssmfbﬁlﬁmmed n a day without

I k . Th
Vacim adRGRRERGt i ehin SEREARE it BB s oo hmi niained by a

back- punp station 114 connected to a turbo-nol ecul ar punp 116. For :
exanpl e, the back-punp station 114 may provide a vacuum of about 10" torr,
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25 while the turbo-nol ecul ar punp 116may provide a vaeMameht00P0' torr. The
punps 114 and 116 are in conmunication with the vacuum chanber 96 through
a gate valve 118. For exanple, this system 90 nay generate coating
libraries of any ceramc, netallic and/or sem conductor materials, with
surface roughness and -20 29 March 2005 WD 02/ 28522 PCT/ US01/ 21321 accuracy
of thickness neasured in nanoneters. Besides the sputter devices described
above, o@%gﬁw§uitable delivery nmechani snms 12 include |aser ablation,

el ectron beam evaporation, CVD, etc., that may be used with the nasking
systemto generate inorganic coating libraries. To fabricate an organic
‘coating library, al.cosyseaubt high hroaghpitfbleicaton arl dnhigsisrad anewr@por at i on

appar atus, coupl ed with a nasking system nay be set up. The sane system may
be utili¥sqaE “?EH$$G§PE”§W%1I nol ecul e libraries such as for use in
organic light emtting diode ("LED') devices. It is apparent that there has
been provided in qggﬁﬁggng%omh&quakﬁﬁ invention, a conbinatorial coating
system and net hod. ilé the invention has been 10 particularly shown and
described in conjunction with preferred enbodi nents thereof, it will be
appreci ated that vegdngeilabhsiogerdbleddlieremeshanismdfanddiivensfgfaach ed by a per son

of ordi .V Skil.l, i-g the art .w t.hout d rti fromth cope of the

i nvent i o%.%{lix—%rp""l%?l,()flﬁte pl‘frgﬁ?'(gf%oé&lﬂ%ﬁ‘gtregglgg%a ?ﬂg?rytaﬁ%a’ ﬁ]rel%ﬁli eﬁ? es of the
posi ti onhemaﬁgmmbﬁngi@Eiumﬁyomﬁxba@kmm@@dfﬁl@glm y yeowcef the materials
to formthe coating thickness profiles described 15 herein apply in a

simi | ar a%easHEd wiheearegpnpding ¢ ecating materiakefiseiplnalityof coginghr ch 2005 CLAI MS:
1. A syg&gg&&&r hi gh t hroughput fabrication and analysis of an array of
coated nmaterrdls, conmprising: a plurality of coating materials; a

control l-ably focusabl e delivery nmechanismfor delivering each coating
materi al of the planradjustableGlibsaaaisupi@rtfatseigtal S to a delivery area, the
delivery nechanismhaving a plurality of sources, each source of the
plurality of sources, associated with a correspondi ng one coating materi al
of the plurality GfSUBHEfs WEPoriedeBtheage: an adj ust abl e substrate supporting
st age;

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.

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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a substrate supported on the stage; a mask that is mddreh 2005and out of a
| ine of delivery of coating materials fromthe focusable delivery
mechanismto 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 forma
coating library of varying thickness distribution profiles across

respective deliver : ., CUrl Ng.. SQUr t ure cogting materials
‘deposited onto a sﬁ@%?ﬁfﬂg@%ﬁ%&%&ﬁng%wpﬁ%a%&%g%&n ?na%ﬁ%lssystem of claim
1, wher etompriseddgabrdtial dokting@iateg@Bt i ng materials conprise functional coating
materials. 3. The systemof claim1, wherein the plurality of coating
materials conprise protective coating materials. -22 29 March 2005 4. The

system of clai m 1,3-iieseten phdaip |y pdretein,the plugaliy ofrgatma efeeals  conpri se
S ( . ! . A oo
ecor at | Y& nfaahisRele B ﬁéﬂl%@%rglﬁj co-ﬁgﬁgt%%'(gﬁ)?%isé g#lédgﬁgé% TI*O\HQI%EI% In the

plurality of coating nmateria are romthe group
consi st i mg sofll pplegntes. s, ol i goners, nononers and small nol ecul es. 6. The

systemof claiml1l, wherein the plurality of coating materials are

materials sel ected omthe graup consisting of polycarbonates,

pol yacrylics, si I?'%ﬁé’és,te%‘énglmnolsév%@’éef% ?Eg‘mg‘af&é@f‘%@?te%ﬁlkyds, acrylics,
pol yur et hapfteriaRdel¥é from BRI OB Snsiding SIPoS¥RbGIRR! potaplyitsl, Wherein the
varying thickness distribution” profil'es varies linearly across the

del i ver ysilzoges, c@luloph estleyrs pelyessliers; labkiyrs, derylidrepalyuwrethamds aod vinkle t hi ckness
distribution profiles vary across the delivery area such that a coating
library H?M?{Ej a continuously varying conposition of each of the plurality
of materials is formable within the delivery area. 9. The systemof claim

1, wherein the del’ 1BE YysRiPel dfimas $BErle BélvarWink hidknswdiaGfuigh the substrate
having a plurality of predefined regions, and wherein one of a plurality

of predarpilesivarisalingsgy aprosstbe deliveniarés. n each predefined region to forma
continuously varying coating library.

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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10. The systemof claim1l, wherein each of the pIuraPP@@mﬁbzgghting
materials is delivered froma set-up position selected fromthe group
consisting of a normal focused set up, a nornmal angled set up, a nornal

of f-focus set up, and an angled off-focus set up. 11. The system of claim
1, further conprising a nounting device for holding the mask, wherein the
nmounting device is novable relative to the delivery area. -23 29 March
2005 12. The syste i . i S i devi ce for
supporting a surfag%q%?g%ﬁgggﬁﬁg%ggﬁgﬁﬁfg |ns?%gng%ﬁﬁ€%%§kggéa, wherein the
hol di ng suppuitiog aiserfave whthk subrseh@twithén the délherydetd, wheniratheBoldihg. The system of

claim1l, .further i.5i ng, the, substrate having a surface positionable
within tfigegds WE@%L@&? t‘\%’;\%ggivﬁryt%"é" surface has a plurality of
predefined regions for receiving the plurality of organic materials formng

a c?at ing ibrary1Nayd fetesd dPbiindlifhihePlong ik HQMINe AVNE N9 Predefi ned
coat i ngs.

surface positionable within the delivery area, wherein the surface has a plurality of

predefined regions for receiving the plurality of organic materials forming a coating

library having a plurality of continuously varying predefined coatings.
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