; e3e<pn6PTg This disclosure relates generally to nethods and appar at us
for generating and screenipng . coating |libraries, and nore particularly, to
nmet hods syelomystens for tdmwlﬂmwum Hleposi tion of |ayersprof/usevméal s onto
a substrate to forma coat 1 WD 0212321 PCT/ US01/ 19159

COMBI NATORI AL COATI NG SYSTEMS *@&@e*VETHODS BACKGROUND OF THE | NVENTI ON

Cgmmﬂumﬂm i dely used in industry to enhance the functionality and
a nmmw of COMBINATORIALCOARENG S STHEMBANDIMETHODS/ pes of
functi.gpa. coating materials: inorganic and organic coatings. |norganic

coatings have been used in both the sem conductor industry, for exanple in
various thin filmintegrated circuit devices, as well as in conventional

i ndustry, r i tings for steamturbines and aircraft
engi ne ai ﬁﬁ?@%@n@%&@mgglg?@ al so widely used in 1o nany

i ndustrial protective/decorative applications, such as in autonobile top
clear coatings, paints, etc. Qther types of coatings include, for exanple,
protective and Thi¥ disclosups irslates gederaitysto raetheds arel appdranel foa generaiiig agh,

envi ronnment al barrier gigatj ngs,, el ectric canductiyve/.opti c tran;gar ent

coatings, SSCPBPEIFoptag Upmrics sl Ao Rettigylarly cfoc methods spd systems 8T MR anced
coating f g [m%lé t S LT
devel opne%t%m(l)ll% P%@E})é’i%@%? %) %e%fglﬂé%%é{ﬁtg? es t et%@sfg%érc 9&8@6%5 “for
various coating systens may be of even hi gher val ue, however, as the search

and optim zation of advanced coatings is nore of an art than a science. The
power of theor éidatings apeivddekyeused in fndusten taenhance thetfunétiosalithamdcasid-aoat i ngs

is limted,, largel y because of, the conplexity of a typical.coati system
and nul ti gRPE; ?e%B?i‘ (ﬁ’ﬂf’g‘f?aﬁ? Z%h?ISqﬂFr%%SFﬁ)ﬁé' M%twﬂeéseéptfﬁn%@“ £ B0 cal 1y,
i ndust r i almf@dls: iforg@itdhdbi@nf dvattgs. dnbBRhicrBshtihgy vk BB&T iddh both

requi renents, and nultiple conpatible functional groups or blends are
necessary the semicanducion induserd 9o example | ivn variaus athin tfilon integretedr eipdtit i es of

Fhe_pr oc o SEVREE D5 GRTAS 18 ConiBieioul idifin, Tl & SORA kudtocpatitls R0 ol
t he degr egteam Rbihdy aidrsifdaftending Airfoyls aBgait tastings Qughise widelWusedhindepends

on the application nethod 1 W O 0212. 1321 PCT/USOL/ 19159 and processi ng
of altoat imayy Bdestiighprotestve/fecorayeapplicatipngnsiicheas daipmPbile Joroflepme

coating. FEusther . differe I i : 114N ' di oslye to
ultra vi olcg%t?r%\% PE {esb%{r%bnattt:hlf? [ ﬁg; s@a%?ﬁ%nﬂfgfr#gg*r gotru‘érxg%%%éspgﬁf(gt&aﬁg{t he
sequence ahtiegpisiveadoatingso hdleank andyeleasefcontings] phwdrdnmental daaier Bostingay e
highly important factors jn 5 determ ning the structure/c osition of the
final coate?‘?‘fg.‘c uCt YRiontic, trapsparent %‘Part%gLﬁcéa/t@b Reserdanee g’ﬁ“gg&itﬁ’és’aﬁﬁi
coating i MRacery dtnfad04riced BaktideYoRhulh BRorRREL hye: f the

mul titude of&t\yarlyit abfleas nost o%ntgt ﬁe %s?ﬁ? eﬁ?%}lg{%gtvraliqaé#ﬁ%%gl?ﬁﬁfé&g{/égt ens

devel oped to date have been a result of serendipitous trial-and-error
experimental processes. 1o BRI EF SUMWARY OF THE | NVENTI ON Therefore, there
is alheed for dmeaggyelopsient iphigenerie teqls te aceelerateaths discaviery préagse foronal

. . . : . i . _
oo, he TRBERRHRESEERE i 8L o VB Ak Ve TRANERE &Y piheARE, def | one
t hr oughputopfimizationtof eidvaidd aoalingsi is mdre DT aar drdvhanfa eciedced TiRE powed 6£ 15 A

system of one enpodinent, for nmaking an, array of coated materials includes a
subst r at e theopsticgl guidancedn dhepearchparkl optimnize pdwmeed eeptings ilimied,dasgelivner e a

plurality b@éau@@?o?rthé"cﬁm?[]eﬁ%‘tﬂ;&ﬁ S}ﬁgﬁl ?{smgx?gaﬁg#&n.t d Exﬂﬁﬁ‘ii’ég* ;?al:focﬁ.\ggf’;{ | very

mechani sm associ ated w erials s po o]
Si mubd aneoewmplinenetetsi thstrneed ¢t be imdth &'yploailp) intystidl cvatieg farhmlaiohe haveetosur f ace

of the substrate, Further,, a controller is.utilized 20 to, control the
delivery ek atinle ?w%le%lcrﬁﬂ%qlwase P apiltiple rompat é%b'll‘l'i‘toéﬁli groups or

A Y

materl al s bl afeiRloe G o Ohbtdi§ bilahidd tolntuigiord " BCRIdIRACHEGROMIMResr o N

substrate has a predefined coati ng. of one enbo maki ng

an array cbatigasgstemuatlepend| ot only on the formula/composition, but also on the
processing conditions and the coating application method. For example, the degree of
25 thickness uniformity and surface roughness, which depends on the application method

: 1



i ncludes selectively delivering at |east one of a plurality of materials to
the surface of 25 a substrate having a plurality of predefined r ]gl ons to
forma RygQshipgd coating on each of the regions. In the REVeWI¥Idel i very
of the rraterlals each of the plurality of nmaterials is positioned for

si mul t aneous delivery to the substrate. -2 WD 02| 2-1321 PCT/ USO1/ 19159

BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a schematic diagramof a system

for making o, ﬁ’(ﬂ%ﬂ; ram of

a coating ?rﬂi;?r%[;és@%ﬁ rgf&8 ﬁ@fr@drﬁéﬁmo egq'fﬁa) §?&‘r§ﬁ9 111@! gfglgherrat i C

di agram ofccmlungnv@uaher odlffarenagnrbc@adg nedneliticas, bmlm@ngeéxpoemedtd dtea-a

delivery mec{l mw source to the surface o subst r at %t hin a del | very
e t

area; Fig.V2 iR GRriRg;; waw%égma?fawr%erea%@,r 28 gequsace Hf

di mensi on
el ver s n@fghg%t?og%)fj%dg’l‘ﬁ%éf afﬁan{pgegﬁy@r OAIES, art ﬂg@g Peitart Radbrslie
across a ddstemdning ¢fe atrdethra#wn;poamea bf dhe aﬁnaingd>a&nh,g foAddmdnaibt, the of the'

delivery nmechani sm sour.ce; thic rofile

G St 1§ but CHERYESm RO e A T igR! Souiae TBRGHs dhe Juahorr iy ok el COoHRE.  ocus
set up of mfs %@éau\g@ror tHE GARRIE STOMkaBles, LAokH &F thé, ﬁs%bfé Q{dﬁﬁﬁaPEoéﬁn

t hi ckness profile distributed across a di nension of del1very area from an
angl ed, ofs’;ystemsudevs@Opqgip tofdattheravel bacor ¢ resulh aof smeaehprtom tialeandSerirar a si de
Vi ew of one errbod nt of a conbinatorial coating system having two

opposi ng d@’lpef}g'rwa {?FE@?ES Fig. 9is atop viewof a coating Library forned
fromthe systemof Fig. 8 20 Fig. 10 is a perspective view of one
enbodi ment of a ternary conbinatorial coating system Fig. 11 is a top view

of ajgoati BRIEF SUMMARY OFITHEINVENTIONSt em of Fig. 10; Fig. 12 is a
schemati c di agram of another enbodi mrent of a conbi natorial coating system

-3 WO 02/ 2a321 PCT/ US01/19159 Fig. 13 is a top view of a mask having a

plurality of patter s may be utilized in the system of Fig. Fig. 14
i's a top view o herefgith 7§ |ab‘F°§ij§%°‘F6‘FﬁﬁEf° @?féf%@&thﬁ rafs g whish;

the syst enyQbtidiadcoatings aFgenerated and studied for various manufacturing applications.
Thus, the present invention provides systems and methods for high throughput

fabrication and analysis of an array of coated materials.

15 A system of one embodiment for making an array of coated materials includes
a substrate having a surface with a plurality of predefined regions, where a plurality
of materials are provided for coating the substrate. A delivery mechanism associated
with the plurality of materials is positioned to simultaneously deliver each of the
plurality of materials onto the surface of the substrate. Further, a controller is utilized

20 to control the delivery mechanism to selectively deliver each of the plurality of
materials such that each of the plurality of predefined regions of the substrate has a

predefined coating.

A method of one embodiment for making an array of coated materials

includes selectively delivering at least one of a plurality of materials to the surface of

25 a substrate having a plurality of predefined regions to form a predefined coating on
each of the regions. In the selective delivery of the materials, each of the plurality of

materials is positioned for simultaneous delivery to the substrate.



5 Fig. 15 is a side view showi ng the cross-section of one enbodi nent of a
vapor deposition conbinatorial coating system DETAILED DESCRI PTI ON OF THE
| NVENTI QydRefRs1i ng to Figs. 1 and 2, a system 10 for nakP@muUast/@iiv%ay of
coating materials that forma coating library includes a delivery nmechani sm
12 delivering one 10 or a conmbination of a plurality of materials 14 to a
surface 16 of a substrate 18 to forma coating 20. The substrate surface 16
has a pl urBRIEFDESCRIPTEON GRITHEDRAWIREGS hat are positioned within a
delivery area 24, which is preferably at a axed |ocation within the system
i 0. The delivery nechanism 12 and/or the plurality of materials 14 are
positioned to sinultaneoysly .deliver, or deliver in.parallel, each of the
plurality of 15#%tle1,siaap(§1epétlp agyam Q/t(e)‘i1 §Y§F’@a‘%ﬁﬂw%6ﬂtWI %{fcof@ngont rols
t he sel ect gﬁdagyanti ty and sequence of delivery of each of the plurality
of materials 14 such that the conposition of the coating 20 may vary

bet ween each of the regions 22 on the substrate surface 16 to forma
coating |i braryFigg?2 in\a schenmticetiagramfoftahepaping dibrary omedpfremethe sgdemeadi ons 22
i s coated fé\lntp one of a plurality of predefined coatings 30. The plurality
of prédefi €d' 20 coati ngs 30 include: a single layer coating of one of the
plurality of materials 14; a single |ayer coating of a conbination of the
plurality of maFigrBdk ; scheiitid diagtan ayah choelbpOIof awWrpbtz&ahalateriay BingS one
of the plurality of materials; and a nmultiple |layer coating, where each
layer is adediyatsdnfiomchdeliveryaeshanism;soyresitothe suifagesof agubstiagh Mithin at ne
system 10 Wewwde a mask 32 in comunication with the controller 26 to
25 permt delivery’'of the materials 14 to different conbinations of the
plurality of predefined regions 22 formthe plurality of predefined
coatings 30. ThRigsysit engrhph rofya thickmessnpriofitke datribmtddnacrsssua ciménsidroof auri ng
the plurality of materials 14, either as _they are being delivered to the
subst!Pat e ‘i iVery e EomARormal fogis S%@B&é‘ﬁqeé%lfl‘&ﬁrytlﬂipl’égﬁgﬁrate. Furt her,
the system 10 may include a testing device 36 to perform-4 WO 02/2321
PCT/ US01/ 19159 mgakyikiaCgdaph Qz?tastlﬁéknkﬂe%&ﬂl’é 8RBt 4R6R PiRARIINGF hi brary
28, to determne the properties of each of the plurality of predefined
coatings 3tlivetyaremfiamam angledbfocusediseup ofthe delineny meghands geurgs, whi ch
optionally may novably position the nmask wthin the system 10. Simlarly,

t he substrate 1, y.. he r-ed h | g devi 7, which optionally
may novably posﬁ‘tgrgﬁsgh%agﬁt)éga r g{?%qgfstﬁjpﬁie?ﬁ@g@gd:?ﬁ?& .aleﬁ%n,Slcf"hgtt Bresent
i nvention gligehydasa fomySidhalvef-fRtdad up of tHEreUl astiedhagisanduicest i ng a
coating library having an array of coatings established froma plurality of
material s sinultaneously focused, or focused in parallel, on a substrate.
The délivery nebiBadiigmm &aph §’f@oﬂ‘ﬂquﬁ$sel€f°§lf'cﬁlSF’r'PéEFede%Pﬁsoq dimensian ehpi ty of
1 a materi j t Qe I } j: i.n parallel,
to the. del Suseyy e RoBminge, STAOHE M o e e e e T L Prery
mechani sm 12 is positioned or focused so that at |east a portion of the
del i ver ed nat erFigl 8rigactidss vieweotiend embgdimestiof 4 combinatoritil oating system nor e
detail below. The deli.very.nechanism 12 may be a single device, or it my
be a plur atfﬁvfriﬁtb‘fo(?pRBFIWSéléYe%@%rﬁeégs each corresponding to one of the 15
plurality of materials 14. The position of each of the one or nore delivery
mechani sme 12 iBigpy isfaetbeliew bf x eshtinfz Tibtdry FhienediEdre MeldYstef @itFiges;t o t he
delivery area 24 and relative to the other delivery nechanisns. Preferably,
the delivery nmechanism . i ) )

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

coating system,

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

Fig. 12 is a schematic diagram of another embodiment of a combinatorial

coating system;



12 projects each of the plurality of materials 14 to the delivery area 24
in a vaporized or atom zed form Suitable exanples of a delivery nmechani sm
12 i ncl uggy 0243 2y 20 nozzl e or gun of any type, such asParfusasmbsr, air,
thermal, airless guns, such as those using hydraulic force; mcrowave or
radi o frequency ("RF") delivery nechanisns; an ink jet print head; a vapor
deposition device, including sputtering, thermal /el ectron/l aser

evapor ation, Chg?’ Cid isvapey vikwwposial mask haMhY .a ﬁlﬂf&ﬂﬁ*"o@rpaheﬁﬁ} ep mayX e

pl asma sprae{'. and ion beam deposition. 25 The plurality of materials 14

i ncl ude i nefibizadiin thesystamPEFignior gani ¢ materials in various states, such
as solid, liquid, gaseous and vaporized/ atom zed naterials. Suitable

exanpl es of ino e i i I l €8: Ldes,
i1 des, “and ouTG s 5 G VIEERL RECAER IERICR Prndl LENE SRR PEIE

pol ymeri c, thel sysgteneofikigal®j asdral | nol ecul es, where snall nol ecul es are

i ndi vidual nononmers that 30 react to forma coating. The polyneric
materials include, .hut are not linmted to ol.ycat bonates, acrylics,

ST cones, ool | Hitbdd Toa SidE iy gidbue BierOur Btdr SR GmAiar 2 Bor vo
02/ 2321 PCHLAGHdoInkohmbinadsal \Coiing HRteyer s and alike. Preferably, the
plurality of organic materials i nclude organic polyneric materials, such as
"architectural” nmaterials derived fromorganic materials having protective
ox decorative functionality, especially including thernoplastic or

t her moset ti ng p&BIALLED DE(SC(B&BE‘QNQW\E/HEIINF@NT Nf inorganic s materials
i ncl ude oxides. Further, the plurality of materials 14 preferably can be ,
vapori zed or at gmj | el Vi |4 o kiR C j i n j rect o or
deposited on a ggt%ﬁﬂ%ttgrﬂ 'e?g‘ﬁ]l h%’ ggggnggq}%gfgén@% a?‘fa%%& g? cggg?%sces
and forms @atsials thaofesmaoaiating libfarp iclides aidelivergimachanion 12hdeliveting osd i S
delivered to the substrate. Aaﬂditi onal I,%S, the material or conbination of
mat erifal s RB§ coBpbiRason Riyraiy jof gnateridls B (§p A surlpce 1l 6| ofy pubstrgicel & te he
coating ma t4q f i | i i
di ctated b¥°r§’e%?%dge |%%d?%%%l{g?g{r?§lﬁﬁrg%% yg&%ggﬁalﬁgﬁgﬁé%e%‘%ﬁﬁ% S may
be conbi nethat arhpdsitidnedwithip lasdedivganirea B4t whichlis preferablyl 4ti gofiged Reagani c

materials, OQr,a, conbinati of ..organi ¢ and jnorganjc are, conbined into a
coating. AddH &ﬁaﬁtwalﬂyqﬂwﬁﬂla?&dnﬁqﬁe@%a} t%ﬁ‘b‘fﬁ&i’i" Fgtegfals 14
material s, afe%sitf&hé‘& &Fﬁihﬁﬂaﬂ&_}xﬁlg%eﬁ%@ﬁ ddhivet frypﬁﬁlld,aédcﬁtb?tlfeoﬂﬁfa’ﬁ ppns of

materials may be determn ned. coating 20 is a material or ‘a conbl nation
of naltSer i anptatisoleithedelivery hrgaidh sA canteolled 26 Topkels it sal¢ction, quantitieand n as

separate honmpgeno terial t hey,..may_reac interact, diffuse, mx or
ot herwi se &9 ’i’%eeofdgﬁ?Wrﬂf%aﬁ}eg\fﬁS Rﬁﬁ%‘ﬁ‘é&ﬁ&’aﬁw@# }gm,c‘?’a{ﬁ?ﬁt;?? firaposytion
conposi te of the coh@p20 Asy Vit bedwesh eHeR\0e thelfBRioa 2P bA The SabiBie 3RrfadiClgide a
single layer or nmultiple |ayers. In general, coatin has a | ateral

Jpl, g ! 20 . :
neasure, i tefors ageating braneAdt Assaehs sach ofdhe pluralifye ogpredn’rénqimsxonatzégs nuch

durtace of (o SIRERBETE el fr R0HEE bl T SR PFormebadl i

coatizg 20comingy30)in¢lade angingletlhger, cootrid oNand ¥f the FluGtiB: b HRtFialeMer , from
one predefined region 22 to another to ?5 thereby forman array of coatings
that defi néngledaysrgoafing wf g combinaiqmelithe pleraligsofmaterialsy @ mulipienlpyrs br ary
28. Each o t b St i ) ;0 based
on thor | Sk, hbRledth 698 15 1R ' fip EhIRhOTLE RABHAE, MO REEHCIVEL oo
under the eaatingcwheteteacinlhyeanid asuoalbyzatidn tod thbeplaratitynef mbtetialsp erdditisratiee
relative t&e‘ functl{)onal .or useful properties, and then conpared with each
other to dEFeWHiSHE 1Y HBsY instrdect mask o)2,in; qongyunication yighghe sontelier 26 to

PCT/ (501118450, GatbepTof i mbidkidls! 1o thdiH*éx‘éﬂ@t:&%Hl#E&@ 8?%2@&5@ bt xed
area on the substrate 18 for receiving one or a conbi nation t

plurality pfedefnes iegions 22 foomfibe phaakiyrefl predafined |conipdgs 3Gy dhe spstemnl) Each
of the predefined regions .22 ma e an) a ffi.cient .f r.ecei vi ng
ond anal'y> g Arangiade Rtyring iRt 34 151 Abe e Busitty or Mafetials B4, cifiéras

they are being delivered to the substrate 18 or once they have been deposited on the

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

4



5 rectangul ar, linear, arcuate, circular, elliptical, conbinations thereof,
etc. Each predefined region 22 typically has an area in the range of about
0. 01 mmwigop2@haeait 100 cm~, preferably in the range of aboR€T/USeW®139% about
1 cn2, and nore preferably in the range of about 10 M2 to. about 50 mMmm®.
O her areas may be utilized, and the area of each predefined region 22 may
be determ ned by the capability of deposition to and anal ytical devices and
by 2 Pref ehr g YorP thd RBaka b Gatb | dif ating THEraR 28! (15! fetdrthine tfl 11 0
or sem-rigid materi al swtab?e for recelving gn supporting at |east one
of the pl upedpettiesoff aach efitlkd plutality Dfipresdefined avatings 30asThet maskad? nmayebe

Uttt L 6] o SHALTES 5, B 500 Sl B o A
portions t %iﬂl‘fﬁ’ﬁfe%gétl:ﬁl fo. SSinfiRay e ?é%ﬂt@fS kg b@'sgétﬁ'%d by a%[gld?ﬁﬁ"ﬁ@&ibé“ed

s8
regions 22. The substrate 18 nay be of any sizeé and shape, but preferably
is inSa di 8k, whisheptiphailyemahaewablyposition gzt sublstzate mdthins thersystemi ¥0. aThuspe or

roll. The gubstantially flat.surface 16 of th ubstrate 18, caorrespondi ng
to the del Rfanyecat divealion pfyidetiq §fem Sufmeindd B Ribficlis a9 GRS 1 v
to about 1.§RingPlitthss Raitg b atdP of 2088 es@BRsHed XPorAMplufal AP OF mat&rihle N2,
and 2o nore preferably in the range of about 1 cm- to about 500 cnR. The

substrate signapenslsiosuseddonfochsed in parallgls e psultstrated positioned in the
delivery area 24 by the holding device 37. The hol di ng device 37 may

novably positio . S . 18,4, FOr fQr u 2 P the
formof an el ong‘g%gl%h?a e@@%@wé&l&@ao%@%% Rn%%/g?czlc?ﬁg{g%ﬁﬁa;@ebgay- out
devi ce andnatdriafel4 alke-bepimbitahevustye délhatedoe déidiecbed Bt pair#llYl go Al délivety

support the tape, possibly in conbination with rollers, in the delivery

area 24. | Areaffidrm agrbalyof anglss Assusth ghegislivery mochapismy k2 is nositioaedar whi ch
t he substr i : : . i } a
motor or oficassE s S1AN, BERMhAT Rl hafifl] Feak Rl RNEAVED drfh 2|
rel ative t@4;dsds distussed yn mosadd4il bélews (ithe,detiery anevhanikinel2 @8y bay singid r ol

t he movenent .of the 30 hol di ng devi ce. 37 to.control the predefined regions

25  ont o whAEHCEIRS LRLbr Apbiaty i shEiondieeSines pish comepRnG ROne GRS ol | o

26 may nmov bRt igce ; _ 12; ;

PCT/ USOL/ 18%@%?&?@%&# 0 ?Fﬁ?%ﬁenﬁf each-of ;M%)f&%r & bt %e%lehrvga,i ons 22
are out si dexeohartisies di2li§ prefrabily dixed4vithninl thehsysteiod @ relativeoto thealeliveryamea or

fth ials 14. Th i 4 ] t a fixed
bostt Lon wed AR alEvedy 3 ofhdtactty RechaRisiR, Fretb@uih #e divery BrcHafip ™ nape
or size angp bYd}é&@ltaJhdgoflttH& p}i@élit?%}?ﬁﬁ%ﬂ% ¥4 toxhé 4B e biedl 4inGorapeapands i n

shape and size'to plurality of predefined regions 22 on the surface 16
of the subsgt piemizegformon8yidable examplesiphipridelivery mpechdaisim &2 inadedeonssppy may be

bost 110 niofe Pt SFRY, She. I8 ab [fralit, 5L Yool afiess Bl Shei*H thate, ¢ o
the syst emusifig hpddelié Yozce;trhierawave @k iridio fequency (¥RE"Y dbfivayinédhgnismes ace 16

of the substrate 18, to The controller 26 is a conputer system having
i nputs, oulut i€t aPtimimohsadand a VAPYCederssitionr daddes,vi ingludingndspuiteriagor i ng

Functi onal [ Ran AatkAadCeBhush, SRERTAF aol Keifisnd (e Mokl ¢! o

i ncl udes abexmmppitaxy, piasthe spilagyamdgombeamdepdsition. board for integrating all of
t he conponents of the systemand a notion controller for controlling 15 the

o o MR AR BT Rt Pore e e hrafe i) oo °
i nformatiofy vashsastRtel, uRh dsOdolidll 1ighid) Batddh® afBVaPBrizeitomPal MAhleRfls26 MaY

include software, hardware, firmware, and other simlar conponents and
_circuitry Suitablpexampley athmorgagicenoatings Thaudomeatals, alfoyas cemmidse axidssngl e

device, or_it.may be 0 pkurality of, devi ces .worki.ng i.n.concert. .The
controll ern%dﬁss}éﬂgesflgﬁéesl yg}llgtlﬁ)&% . P'(?gltq#o?{ge\?lf hc':'gil gsofncthh‘% B? re,

. conponent sogorhdif didsnedl) tholeciles, witbré) Smal holk@hler @Fe/ indRG MR nfoNoférs thbe
plurality of materials 14, the substrate 18, the mask 32, the curing source

34, tRe teEerhlp Hum acogting.t nehenpRlimerg mpi¢iale inplude, dut see pol imilgd dew i cleI
57 . .
25" cont r of RYREbG aBHRES Sl RBRe belhl1Gse RS Bl R KRTRS Dol RA, he”

exact conbination of materials that mak® 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 between the delivery
mechani sm and the substrate, the nmasking,




30 etc. Further, the controller 26 controls, synchronizes, conbines and
records the _g_ WO 0212. 1321 PCT/USCL/ 19159 delivery and curing of the
del i vereg Bhehial s, the testing of the coating library, RIAUSHAI YAl ysi s
of the test results The mask 32 is a material having one or nore patterns
of open areas and bl ocked areas, where the open areas allow delivery of the
plurality of materials 14 to 5 the substrate 18 and the bl ocked areas bl ock
t he del i veand vilipepq@stiees amdrwl;kebePneferaabiy, tha pberality’ dfecorgasik mdterials unahlrdez ed to

define th t t f 3 h |
bi nary rmsRERGC SPLIBRIC MateTBln e | Hen it fEperas e e bydigic |
patterns tx'?ﬁfen%fse lﬁ@gtlsge 'Brbt%tln)’e 29y W@ﬁt&@ ﬁidcﬁ%a‘iﬁ}' Ve%fsé/cﬁlﬁr %h%ﬁtﬁﬂ%te ! ng

hal f areas on the substrate 18, as be descri bed be ow I'n nore tail ’
The mask 3thetiopiasicber pbsrmasctnegi ;miwm:r e Prefetabiywatbe plhmhty wf aihbtgpnmf

materials 14 an .th subs ncl.udi oSi ti on top of
and iR conPAEre; f ﬁé”% f‘g’h@ Q}eop]laailﬁgofrp?éer S§g| %ﬁ% af‘&lf '
materials. v%\brih&%xestﬁin'i'&dt iﬁﬁtv’ifdﬁ?&@l&% D ESWEIRAIdH) %ndlfﬁﬁ&:t@@toat‘?ﬂtebbﬁteﬂl&ﬁt rate
18, an effect called "shadow ng" I's produced d whi ch may be undesirable in
sone i nst a:neldxstratenwixhadbwvagqnzeﬂ/etcpnmemate@ral realescenandiEirmsey @uhtinuoushe
substrate is. .15 rop |on ttern. f th b | arger,, as the
spaci ng be?%@'&ﬁ rﬁxeg Eﬁer eﬁl%te% |6§,\5‘E’E1ng§ \L}b‘? esdllbg%?t?er nto
expand untAHdﬁibnrtgaqﬁematdml Stl la&:hbataﬁon Shenabgiilic mdy Tedm laeccfaaﬁgradwaé ad rigid
or sem-rigid material, or the mask may be a chem cal fornmed on the surface
of tHe subpluralite of peyers rvisre the peatipgtmay A somulthrbinesionalieesting davingtant he

exarpl s oV RaL ARREPRARIRAE b BibeéEhingd Rt ole a0 B “rhiEmaiels” o7 20
rigid or rehptbe oynbyd ls@aﬂabdtenﬂiutlﬁéI@Jgsnlc phagtials , orMBiudtisle amdrgahiooys for

sem-rigid or relatively bendable materials in the formof sheets, filns or
foils: andmeierialsgPrgreasynatinn of arganic-FndNIOIZaRi¢dAIEqaTDIRGSk iAte 8] CORHNGY i al

t hat form 3

secur ed vvr 9’%&’%@’ q{}d?@%ﬁi# g*%égg’g@t"?“‘a%%“q@ﬁ nasttz?% V%Q@ngghﬁe |ver0§lsl area
24 byst he smlcvmpaibility o€ eardims cohdimsions ofr‘tgatdﬁulsmy&& desrmimadabl y position
the mask 32. For exanple, for a mask 32 in the form-of an el ongated

sem -rigid mateyj al ha apluralrtyo attern t he unt,i vice 35
mmy i nclude ¢ TROCPAELAY e Praliiak oa boc oA iR & g eBE ORI TR ot h
rotatable ﬁps&aé lBhaltheﬁé’Hﬁ%falstrﬂﬁy FiRAn 2P Spatdi YoBg &eﬁphmeﬁaw oVkiey

rollers, ative to t livery area 24. 'In another exanpl e, for a mask
32 in the ey meast, laterraog,r diffuse, emixagdr, othéraviseocombviye mfmamwnmmcrgpsequswlw

t d 35 tf t h t t
Connect od. THEEahTBIRENP Trotarosi pEABIY: idipres abovs tegineiics 20
posi tihon Oinchide aRirlld ﬁryei SNgulipidlay@kalh ¥énetd), td&ﬁng 2binye ﬁlat@faﬁﬁleaéhre Thi s

al l ows one pattern or nunber "of patterns to lized to mask different
pr edef i nedi-§-edjingpsurzd I@ngthh@crgs.sbﬁter suréace gofhthessuhsiraige muchf grentsr thatk a32. As

such, the | l.er 10 t.q. Of evi ce
35 to cont{ﬁﬁnk}l{E ?%e l%r gr?e?%}etg °3ng| olr’]%att‘gg lﬁ)grﬁ{'l(;i{n%\/\ﬁ ﬂé% Stuﬁ%&%:“e@r% ?a ?%gar e
del i ver ed. Prefealslyy ¢detl 1ayeriic @ tidf filf RyeleVIleecoating Q0hay eatyiin Romipblitiemch of
the plurality of materials 14 to cause a reaction or a salvent evaporation
with one ofPtPNaByHR fCPRfNUPYS gnannee Hemeonespredefmgd eega%r 28, tor #othesatet i on
ma a I n

Foncttyon, "B ftay e LT3 I DOARE dERGHIAP of frofidffle TRLSELIFor
appropri at taefonatlmgthbdaey lzserMhrtfftthe iafray f codlitigs i distingnphabde Glonmneadhr i ng

source 34 include,a heating, dev 0 nicatign with the substr te 18,
a radiati o?fgﬁ'ebﬂsﬁ‘eoilltp é{‘tr%ﬁr’\ﬁﬁ‘f Ok He afay P eralinehEIaY e pracesse

deposi ted &rﬁlef”%ﬁe%dx?é %owﬁtﬂﬁ§£xﬁ’"§ﬂa§ ﬂﬁ"ﬂoc crfhif ?n%ﬂa}g ‘rﬁﬁc@?éiatwe to

conmbi nati ons thereo e testing devic 6 1S for analyzing the
per f or mancfnctionmb ohusefult preperties, ahd ulsrenodonmamibthh edch:o&er togdet@ting thefre
substrate 1{3 . The..testing device 36 subjects the entire coating library 28
to tH& san'i?%’é’ﬁ&‘?l ons in order to deternmine the relative perfornance of
each one of the predefined coatings 30. The testing device 36 is in 20
comuni cation with the controller 26 in order to conpile and anal yze the

t est dat a. p




Sui t abl e exanpl es of a testing device 36 include a thickness profiler, a
surface analyzer, an ultra violet ("UV') absorbance tester, a S(iratch
resi st angg ¢bBsher, a perneability tester, and other sim IPGT/EENAIZE] t hat
test architectural, protective, decorative and other functional features of
a coating. 25 Referring to Fig. 3, a source 38 of the delivery of the
materials fromthe delivery nmechanism 12 delivers one of the plurality of
material s 14 i nEachvefhe iphaalityrof predefined repid@ise22vis tahfixedodie® b ehonbshfiet hat
preferably enconpasses the deljvery ar %a 24 1|_n or der_tlo Ebt ain coating
coverage ol&foriereidng Pre ot Fembingtien efthe phisality of seatarinls &4 tnforpad sinsler ~exi t
tip (< ating, o ed reglo ve-aty s

onybe. et Blick ST Baadl | KB o B A0y oA 7, phACHTE BRI O 10
' 02/ 2. 1321 RERHAOMH WGivihgvendernalpging t thehavatingOdepcaied othereage savterast he
entire delivery area 24. For exanple, lt‘he envel ops 40 nay onl encogpas_s a
pz)grt;é?hofreP?Bg‘dé‘{’ll&f&; {» afcugico SIrgHan, f‘d‘WEl W’E}ﬂatﬂ‘?i@ﬁﬂ'&e%@& 8fcni g egi onz

o] e : r 1S ng use
o prevent el e 2% GoRaly o8 oF oAThaRe AlRcbBOL B81 rintH o0RL"S oy
be of any timwm?r;ipee_eferablyaipe:he rangt oflabmrt [aom? mcahbmitﬂrpn\?aaﬁd)mre:pmﬁaalﬂgcti ons
such as round, elli cal  and,rec angﬂln%rqi em -conical, with varip

. e

r

cr oss- sect A rangs ®I 2bew; 1D M) o4 Arsf niad'ebeew&léqegp@‘dﬂfégnay be

dictated b, : , h : 16
I ctated Dyed B?eﬂéﬁ@%ﬁ@eggﬁlgﬁ bb ‘ﬁr?;{gyb@&é?@mﬁﬂed B}t' ﬁlgsé(}ggﬁih%ofé d ositibhace

of the substrate 18, very chanism 12, Sir osition of
each 10f t handanalydicaltdevidies pndbie predetresdodensityef the c8eting litraryhape and nunber of

the predeterm ned regions 22, the nunber of sources 38, the nunber of
material s 14 bej elivered to the substrate 18,, and, si g | ar .f.actors. The
shape of the ent%gﬁ%éhﬁ@ Liil‘; %é‘g&‘gﬁ{ F‘%P’I'%%f%b‘wtfﬂgl %"&B% %qlr rﬁceﬁ%}gﬁlagdon t he
del i very napbefingmt lehst bie eMthaipluraltyWFAnASSAE 14! Ghe Wubdiratd €3 HES hivighst _
mechani sm or by other shape-defining structures or devices associated with

t he del i vefne substaaialynflatimirfaee &6 that gneledesithe plugaliy of predefingd megions 2% ocused

vt or Va1 RRRARFAl et Rousfhel Mool b Wive, Pt L oo S, Plpledfiy s e

sourqe 38 depafa@sédch@iabe plurality @F prédecinsthtegiond! 221 4Tl QitBtratedisd P by ofngl €
having a centerline 46 substantjally perpendicular to the surface of the
del i very ad®=sizang;shape hubpredorablyiisin adisk Rbans; plate shepesi o elangatedeshape,

Cross-sect 0, t.hi p i fi et i .ons, 50
(such as t%ugﬂﬁggt %lr gltgﬁﬁgﬁrgﬁbnfﬁ S{E&éﬁlﬁg?& %tsﬁgg%éejlllﬁv%&/h%agr@géég @f a
coati ng deddrrespadifg tnthiehdelisety-arga 04, typigallyd hasiad breahie tHekangerof abogl & o
substanti al | er pendi gul ar, t.9 the plane 49 of the delivery area, typically
has a 2-di %%ég ShOH! K ToRAfRrRlY 1) thekaRs ghabgut é@y'ﬁﬁ? QoY T 30 e

thi ckpess poRfirbRrably mﬁe?J@E%fbe&uqrbnara@ébé&_segbﬁﬁ' ding with the
centerline 46 "above 2s the Center point 44, wth two equal, mrror-inmage

tails 54 on each side of the centerline. Further, the source 38 .i S
posi tioned at alhesubstrate Spmay g seQured wathin/thetsystehel G had positonsd intthe

del i 24 (Fig.. 3). The.verti ing,60 aff the total w dth
5T of the SeteBnueh 2 by e OB AL e BRI ol Bl s ng e
any given maititn taé oittrateel 8, ¥ sileramplep fopfal JuBsthitd 1 8 iPtHei foAn of Ak Slonkfted Ni S

case, the thickness 30 profile 48 Is centered within the dinension 50 of
the del i velape,dhedolding deeice 37cnaedrpludeia tapppayzuw-desize ndTd LHE11AKSUBI bei ng

| ar ggst at i i iLn i r L: f t he
cent Z?I [ nedehlg:.% t'Eie{f er ?lgtrlllglj?)?a é@?gﬁ@ayfﬁ%g#cigﬁgﬁpgﬁp%%%@@dg og.%lélgét}go%\%&ﬁnt he
sour ce 38 tolisrs methp delivergfardao?disIndahdtioer efdabplesthertpldifg device 37 ahaylye a
coinciding wth the center point 44 of the 5 delivery area 24, however, the

source is PIai&ian whigh the substratgiis plased and gacprede whereghe plate jogamneeied faaat o

“delivery | : . ive to
the pl ane A enpr ofEr SERAUE M dQICREARRBAYLE pElioR or HRPBRRCreliyBl

f ocused dethe\deliyerytanea 24urAesi®l, ite dontratled2@imay domtriok tet moverpenti ofgheli st ance
‘53 fromthe.center. point 44. The horj zont al acing.disfance 53 is a

i st e 1 BPIERE dEvigha? Bt cqntiol 5 herrrioe Betaps 2B tned Wish RGeS UKD ¢ he
delivery adeifeld FoPREAHDRVMYE cohROMdrNS MeY MlVe RCMAEHo RYVicHB7RREA lapn. The
hori zontal spacing distance 53, vertical “spacing di stance 60, and (?el ivery
angle cl1 are all mathematically interr€tated and nay be varied to position
the thickness profile 48 within the delivery area 24. In this enbodi nent,
the thickness profile 48 has a distorted Gaussian distribution with an 15
inclined tail 56 closer to the source 38 and an elongated tail end 58
trailing away fromthe source. Wthin the elongated tail 58 is typically a
regi on where the thickness profile 48 varies substantially linearly with

. ——y o N o




poi nt of focus 42 for delivering the material 14 positioned at an of fset

di stance 59 in the plane of the delivery area 24 along the dinension 50
fromthew%e{ﬂfzqgnpm nt 44. In 25 this case, where the centRCT/USW/E9 s at a
delivery angle a substantially perpendicular to the plane 49 of the
delivery area 24, the offset distance 59 is substantially equivalent to the
hori zontal spacing of the source 38 fromthe nornmal focused set up position
(Fig. 4). pedaerniné® ohbatoftthe phmality of predefined aegiang @i mer yutside hethtlem may
be p05|t|oned within the delivery area, or outside f the delivery area.
Thus, in tdgliyepAren 24ang Wérqfweépﬁ@éecswsmﬁermm P rasgerials 144 n ¢ he

di mensi on 50 of the delivery area 24, the -12 WO 02/ 2-t321 PCTI USOL/ 19159
thi ckness bein f,sat i d adual l'y -
Feduci ng i nali T CaREh, Bea 24 B o ol BRI Rih WA REHystin A0L W21
an angl ed d}eﬂifvef}oama Eletnalypbeﬁbf anheshapmbcesleBathpﬁdadiypbuhnobhedessanﬂyAz for
del i vering ué #erlal tlone at t et%tdl st.a rgli(l:e 59, al ong
Che. dfmenclbRaBEAl, CRasA@dsaR APERAG 8z P T (gt rel B weiors 226 ot a
del ivery aggh «fel HPGNhaRaal ieanansvete Bheul 4 plemnRaPipRIdbve L0
the plane 49 of the delivery area 24, hi's case gcause of “the delivery
angl e d armiay)be nﬁmbdarggmmnu@f smaibushamzhe ﬂeie/emoaneadﬁt dlhedpredipositi®Bingf t he

source 38 from,¢the no f ocused, del i ver int, i.S Qgreater he of f set
Gr ot once o4 BF e Bt ArS B g Ehtafitofis W diE STeh A0 B el D LT
case, the &EP&KE‘I&?M%&P&MI@W&M o BMPALENW oF R iLREARASWI thi n the di mensi on
SO of the delivery area 24 than the set up of Fig. 5. In each of the set

ups of Figs. 4-7, the flatness of the thickness profile 48 within the
del i VBry area 2Bhagontrollar 96 ifcheompuigr sstenh Baviag inmus, OSfRuts, Agnauoyeangdeen t he

Furthor . thiorsSpt BF reeeVibE SBdhe oL R Gp b e SEAE R G O it < ne
del i very amemit@4 réboptand Rehepwist HanetinaNg cyn@slothe dberdtioni gfothe alystematd.ng 53,
and offset distance 59, where the smaller the angle and greater the

hor i zont al Thgygenfiglleind6 omelides & cormBEer wysten rr@fvéws@nt Huerfacs: heard . faror
exanpl e, ﬁ{egh{dng%lt&tg% r?éﬂ?h&g)fttﬁa géiéﬁ%éndoa{ @gklhﬁcﬁrﬁfcﬂm f&%ﬁ&@%@““ ally

flat in the @ mefsion ry area proper
combiinat i othe ahovteientseofythengask, 3hand zubstrate shadhegoandlaf 26 ataydnsludnae. Wth
cl oser spac .the thick in mensi on, 50 of

ing, .h of il 4 t dj
t he deli VZIFI g?réla érléelv‘gréw ing odata) ¢ es%ﬁg"é" =Irc?renvé ‘foarddﬁ)g't‘ey t#??cﬁ‘ﬁ%'é@émgt t he
apex 52 tom?oxﬁ{mbh ed alfphﬁ{fe?%ls ﬁﬁtlﬂghfr‘xf&‘ﬂ%§n°fTﬁeh@orﬁt‘o”i€{;SB P c}

delivery area. Preferab a coating library having a substant’ia
const ant t fviftkanes baridsratte sfimeearso amldat)thlehesmﬁatc lcneponeds i aud| elrc\atryzforbe

rul ed out of the naI si s, of al,i of pred ed coatings, 30

associ at ed®RAF3HE Eﬁy F‘@db‘f Wéﬁ °P‘§t5?qifﬁ %LSrad%?gqleé{éf”(%ugr R Pﬁ&y on
the epfect Iﬁ]lﬁfalf&ﬁ%fcﬂé@lbéw VERRIESir icdfcert.N TRET é&itx‘bﬂer D65 4P raftdbdy |

constant thickness coati %hl i brary is achieved cal i brating each deI ivery

mechani sm emamuRigationa withnah of tthe @M@@nmpa«mw @fltge GWSI@ml Hut iscludingothe t he

delivery a nech i zed

oyt or abl sl REheitind 18, GedficaliS o AEENAR' A BeubottRe L Me BRI 24 1 i o
the -13  WONARZ st @FRd 3&’@%&!&3&@1&&&9 %?khd/@nbuntﬁ{ge&evﬁw 3Rand tchdldiRgy
mechani sm Therefore, 'the present invention allows the manufacture of

coating | idvige 35 tALPPFinaje @%QquﬁlthqﬁqurﬁlF Systam; aF«promamme,ctbmgﬁr@qu ns,
| ayer, angcotnlﬂjofslﬂﬂgﬁglgﬁgfhf ﬁ@%&t 1SR &Rk 'i@é» raY@ H&'oﬂh%gﬁﬁ@x% on’

prede i ned r'egi ons e su trate e ver spaci ng
60, the s cfahatednly thatghakedum ti ctdaang)hf sath pie&dfm&deegen By ccﬁamlth@ﬂkce 38
of each of  the pIHrallty of materials 14. Referring to Fig f n in

one enbodi $RNENYafthe camtigllem maay SPNEQ)aPne Pr stiste 9f clie matesi |Vﬁg-5% thevaryi ng

coating i i ¥iNatlsh bF nldéris MO JrbRcEHLpoWEL ‘%hé%ogt)fng speed, the projective

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

30 etc. Further, the coniroller 26 controls, synchronizes, combines and records the
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t he sinultaneous deposition of at least two (A and B) of the plurality of
materials 14 1o fromsources 38. The relative thickness and conposition of
each of {lpophspial ity of predefined coatings 30 may i ndi Ve@IUESINA9H9 bot h
continuously vary as the result of the thickness profile 48 (see Figs. 4-7)
of each of the materials A and B as they are delivered to the substrate 18.
This continuous variation nay be linear or non-|inear, depending on

vari abl es geliverfand kerifg bf v delivegdemateridlbethp texkiag tof \iee peatiag 1ibkariyhend 5
delivery nmechanism 12 (not shown) associated with each source 38, the
coating spdecanatysisaithe testreptser i al deposited per unit time, the feed rate
and concentration of the material input into the delivery nechanism the
_vertical spacin 'segnlg- f T C r ti to
the center poi n?‘hg%na%lﬂ? ﬁ%%isr%tﬁg%ll f.‘sf) Pﬁg ogén‘%rg%gz@'ﬁ{ssﬁu??%g %L% %%(Ft he
center poi hlockdd atens, wlfeap ¢heodpeh lnecas mlevatedivéy dfith¢ phinalitn of materialo14 to

at nosphere and_power, _per, ar and pressyr species of gas jn, vapor
deposi i on he:sipsEatads aé‘ﬂr?ﬁ? gﬁckeéjcqrﬁ?ssbloaﬁaﬁﬁ%g V¢ es'llfg‘e\P&FtF@HF@éL?rﬁyarﬁfe
vari ed i ndigidua [ tRAtHL O ( or: i : i in
each pr edefsyér]%d lrrg%inggr?kS% ?Slggéralti%grtb %@g(;ﬁ&g%ﬂ%{%ﬁ ‘? Igﬁv\gl?%g “??3%@@3‘{ rtrlétkg be
posi ti oned chatingebbraga2®. dh a bimayomasldsg 3Pstemgd far exasples ttha sk Snclpdesfer abl y

adj acent to,or..touchjn he substrate to assi st.in rmn s _the coating

M brary.  Adbiteisy Py IpE pihsgded el Pafedid e doBH AR afemare i ey e
val ue in tBgak dnGke bttt 8 Oast WilEbO HbscBiBed BBIOR Y RbRY ddthiY, fThemakot 15 to
about 75, and nost preferably from about 30 to about 60. The verti cal

spaci g 60 may\bepositioned anyhare irgbatyeerothe phurality®f sngterials &4 andothe substsatd r om
about 3 cm.to0. abgut 30..C nd st. 3opreferahbly f.r.omabout 10 cm.to about
20 om The Ropr BoieaceiRes Al P prAT 18 ioacksfoRs WSS ertioRgds ) 10750
from about jigde @Mdbldver 88 theGRlateRals. MBySnéreaing ﬁa@'s)éaéiﬁ%ﬁbt@d%@ﬂ&h&n&dﬁ 3Pambout 30
cm and nost preferably fromabout 10 cmto about 20 cm The coatin

t hi ckness ig/subairgteflBopn affesicaliediahadawiag” isopradensd whigh mayhstundesirable

preferably.fro t 1 GI r .1 c .1,0 500 m.craqn,. and
et pr ot LraBe FRfa of HaBFE ol Rl iR iR GB% R 10 T
Fig. B ongreyvbistatrediheqfatieRolhatmang, bitlaney, £4he spabigebetien e mask
conmbi natorial coating system 62 (Fig. 8) includes opposing gradients of
material s Ang#Hhe wybstraipgllays Mqllﬂa@asaagtemrte exBHW Nt dosaehiss glmmbstywof

material A 9 0% of - i al L ally
nor oss- t ho 108duk o BAPH: (OHhobr iy of ROl il or BBl B3l %
mat eri al Achémjeahfbrmgd on thdsurfeee bfitHecsnbsitate uBfetablppthe mudtérinl b€ e asdlo t he
delivery of the terials, to the substrate, .the cating |jbrary_ 64 may have
a subst ant iBUFep i AT 5105 lob 3y ROSBIPLe A0FTESIFE LRTaR BALOR IR DSkl

Pr ef eyabl y r el ST hav S 1 oj: htss ,0f
Foousi a2 e heled OfMET, MatcRCcRlos: SIR0E ST Bl RRCELL KRB0 1y of
the 15 del irsletivelyrrom-andabblat matedalshipldsties smefals hed calltyisnfpr| senmiaigidi er

substantial ly.const ant ., across, t.he sybstrate. Further,. by allow ng .a

suf fici ent r?lgtr%e%f ﬁpmgaﬁef ngé&ﬁlsolpetnﬁi}l%‘?? Q?Qﬁf&tsa g %f°ﬁ%ﬁ9f‘&ﬁm?%¥gpfi‘ﬁ'e rate
of evapor apbBAcryfat® EPMBIALY) iadd offRY clkenit4liReridly tHap o 'négative and {Jositive

di ffusion/m xing or by the reaction of A and B. Alternatively, the

substrat e tBemicalnaskss nmy be novabl e, such as rotationally, |ongitudinally
and laterally, to obtain 20 multiple variations in the conposition of each

of t predefin [ O tially
fed vh\f5 th new angqai‘h?%iér%n afrg 8?‘.%&;%&}%‘. @g S?%&E:lg@sb? na?%%on\?mgtrﬁggyﬁe{a}} erally
movi ng el ongatielivesy aséar 24 dhy thesmbuting devic® 351 nThelThounviag ydeviteCItmayy al ong
a longitudinal_ length of the SLéBstEate. Addi ti onal | ){( each squrce 38

pr ef er abl y MYaplyspesiite thenmask #2a §or ieyamplepfoma maskt fradn jthe Joma1ofAn al | y

125 paral | e%lohgateﬁ"é&m?—ﬁ?ﬁﬁﬂlaﬁriﬁﬁﬁzwhg%% r@%}@ﬁ@m@ﬁ@n{sr mbiifing! @0fced Of the

delivery area.” In an afternate enb ver, the vertical spacing 60
of each sowmayeingl@demytapepapentddavideyandaa tapt dake-apy defdca thidi hfecbahtrotatabbkness

"profi]e 48 within the delivery .area 24. .Thus, .the system 62 of provides for
Phe. St ¢ MG ik Sunore 5 baogs bateBh R comivigrtion vt iouRts teigvaro Bia BIERE “ont o
the substr gt 30 IRtAAbtheR ekBMple] GRUS Infask 83 i) eheCRA Bﬂa:i‘igi@f%ﬁét&galg'ﬂﬂadi ents

of the at least two naterials. -15 V\0902/ 2d321 PCT/ US017 19159




Referring to Figs. 10-1 |, in another enbodinent simlar to that of Figs.
8-9, a ternay conbinatorial coating system 68 provides a continuous ternary
coating |iggMi¥170. At least three materials (A B and C)PCI/USOal ity of
materials 14 (Fig. 1) may be sinultaneously or sequentially delivered from
sources 38. The sources 38 are each 5 positioned in a substantially

i dentical angled off focus setup 61 (Fig. 7), as described above. The

sour ces 38 pajuAtiRg bAEERL YmBPB@ k! platiirat 6ot siip #)@rtﬁigrsﬁt&tu?é chwiced @ £ent er
76 on the sane axis 78 as center point 44. Preferably, the circle 74 has a
di aneter | mujj@r ot htltnr @bwatdr-dynst devies thahsonteols \the positien of tbe platéamml and t he

has - di anBek SANee B AGiySTaEh o dhis B o pShi iy Shadeily, TTg”

library 70 qlemealliRd & SRR &ferehy ;hedeﬁn@@ntegmem YonV ey butgtraRog gt i on of
each of the three materials A, B and C, m m cking a ternary phase di agram

The sdnme varivamiesisofahe seaskiig. thesuchs thetqostroler hmay sartrolgh impvamentaf (Figs.
8-9), describ r he
oyatem 65 HegFOufiiforict 38 fotonltoPR bledeBald Feafh 20hd WA e Alsllald |7
70 at any p9iapd délisveredf uncti on of the horr zontal spacing 53, offset di st ance
59, the delivery angle 4, the shape of the envel ope 40 of the spray of each
material, the por nt of focus_42 of each source, etc. gurthef Ig Freferred
spaci ng and angl Thg curpg spurce Afds & deying ibooarBpication WiB\ackhof fheRivelibhce t o
Figs. 8-09. r ously
foused ¢ o haPTLa T 1 Al RABGL ol i ferd Vi lbrVF oliP05s EbiRAREC
substroat e of thel mategalan Fan gkmiplepfbk réamtios m®t baip pﬁmn(eﬁizgtonz R.crédstinking he

guns were posi,tioned livery plane paral to and v rtrcaII spaced
Obout 5 cheagin g 2l dneleGis TeAun. B MHERIC GRS A Shg KR, S | o

have a del yRfiynd rEpite Fhr ﬂttoa'éwé?edaﬂﬁteaatmﬂ sera&mé eﬁaﬁﬁre%f%?ﬁcntngabout
18 cm The substrate was a substantially circular disk”of silicon wafer
material hawimg 3 iBluticanehetingfdevirouin gommunigatinn ovith Hae rﬂubﬁteatetlﬁ of
predefined_r were sized to form oat t.ng Li brar. hav 66 .

D edet | nod Mo e e i Sofimigatof Wi 458 kP hot aBlitls el fordsited

acryl gt e ( BiMals, aMitfowae ABFiEE) a FIAdNLHdvied ssﬁctombtrthteﬁs fHeBdEi C pi gnent .
After deposition through a ternary or triangle mask (not shown) and thermal

curing, a ter na% coating library having 66 distinct conpositions was
generated in a Jaetesiingidavice3s istheystasmforagelyaingtbe nerformanes eheachpf the

e v 83 S el ey RESRREb R 18°Tht teltid Bl O RRIGD 1 T

enbodi ment thesertiverbodraigdibrady 280t the garpy sbeditions mru:rtierdesle&rmlinerthé irélytivd
co-focused or, sinult neously cuse del i very nechani sng 12 each fixedly

p03| t i oned PEdoRRaNGE © ﬁé%@lllf'yo Wed gratnggell; v Ere tssing devigr 3L ity
eri a'c?mé;ﬂ?ﬁnﬁc%u&rh%vl §tcroﬁ{r311c31r826t i ettoacdﬂg@l‘e st arafR R ¢ désbaaé
pIuralty (0] elirvery necnani sns pI‘O ces st of at’om ze mat eri al

within an EnitshlepaamPlesFofya B3tinghdevicer3ér mehude anithibkrdse profitence shffacd t he
substrate 18.. Each s urce o} bl ositioned.in an angled, off
Foous set Gl Ap gty viofef AVahabSOrBanch BT &R SIS S99 qual |y
spaced abog&nﬁeaeurryltestzxél zttﬁivb&erasﬁﬂat Rlevitls hatt RSt SRS, g%t@aweent er
poi nt 44 urther,” each del |verﬁ/f&mec anism|0 12 preferably h

hori zont al dscpm@tuwgpnsatlmfgnctmpa aluggisiof afcoating he center 76 a distance |ess
than the di stance fromthe cent er point 44 to the edge of the delivery area

24. Pyeferably, or nt ac iver

rrecha{nsr sm12 is o%ﬂ %éo 1§u F%S%gggﬁf @glfvgf# ogfttaesénar%g?ag{ 55%’?%3‘%“9 (Fig.
7) from t hdelwity edechatisth mﬂdelwae ol Yof pesplufatity 6fmbakeiaBaAXEinOVdpotidedbr t he

t hi ckness profile 48 (Fig. 7) for each 15 material in the deIrvery area 24.

However, t ﬁ@ntsérdnttafsfwr@et@ epvelope 49-48nt prefarahly yneprapassasstihe delivery psea

requi red t e of f set
di st ances gé%?@#acé‘?ﬂ;@a@ﬁ lﬂ%ﬁr ver@e OVQP anerngi?ne 'glJﬁ%’kaﬁévgﬁ gg%%?%ggtlspoi nt
of focus 4the poiat ofliery ainthe thaterialefromnt &eldelwhg mechanisk. né’oﬂ&xéﬁp@, th) being
normal or angle reIa q% to tge surface 16 ile ghe del yer mechanismis
inliife 208 rF‘Ft Grmay ea FYREHECUY datE3Y By m it meaye ?ndé?lr f“n? 9 Ca¥s, | ong
as the envelope 40 (Fig. 3) of the delivered naterial 14 coincides with at

| east a portion of the delivery area 240-and hence the surface 16 of the
substrate 18. Further, the delivery nmechanisns 12 need not be positioned
about a circle, but may be in any relative position that allows the
paral l el or sinultaneous delivery of a plurality of materials 14 25 to at

| east a portion of the delivery area 24. The mask 32 preferably conprises a
pI uraIrty of patterns 80 (Frg 13), whi ch may be noved in and out of the
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the coating of different predefined regions 22 (Fig. 2) wth different
materials to forma coating library 82 (Fig. 13). Although depicted in Fig.
12 as beipgapased apart 3o fromsubstrate 18, preferabl POTASOMER? | s a
physi cal contact mask that is touching or in close proximty to the
substrate to elimnate shadow ng. For exanple, referring to - |7 WO

02/ 2321 PCT/US01119159 Fig. 14, the system 72 may produce a coating library
82 havi ng Béwévesmoptehle ddeting odlerap@ovePthdentite dedivery(Aea B4. Eoerchniple,of t he
plurality of materials 14 in conbination with the first four patterns 80 of
the mask 3theenrejope 4y mayonly enseriPAsH ahertipn ef e delverypesacift when 2 pefiionel i very
mechani sm I . ! i aui r

ot orial 197 e rcteitrmRledEliol 2 bt Wiber B ® £ Roflo e A BE AR, ¢ o
" with ot her isnt bkig/used € priventidelivly sfths infatérial 18 tHoge pegionsa Tienénveibpeayer .
Conpressed air, superheated steam or an ultrasoni¢c wave nmay be applied to
the |iSqui d49riayy beapf epy gemeniang shaps, inchuding: sqonipl Mt yariaus FTorstseplions. A
coating I|i r i i i ) y
sequenci ngg{cg %h’g’%ag’??dz}@?%ﬂ%#’ Htrﬁéetgrrlr%?ef isa %L%%fv&%ﬁ%ﬁg% ﬁxr()g% IQ%&?QS%}
sprayers | and atiiwtihe skapeorThei shhpaoSthe eancdepot( maglberdictpietd tbyrthes shapd ofur i ng

steps (if necessary) tq provide a _predeterm ned coating 30 i redefi ned
regi on 22 @’Fi %.?W %J’Fa e_tlleuﬂ%aPF é’tfet.[le T;mfgce%@ ogéh‘ﬂé‘éhs gi?l 88’ t_ﬂ?)r%eﬁﬁ%'yance,
when sear CRjofihnsaf 12tﬁ§6&§ix‘39 cbﬁa}ﬂbﬂﬂoﬂfvfédchfo‘fﬂfetﬁlﬁ:’&ﬁty M@Q&éﬁde&%omgg’se each

one or a conpbination of the coating |ayers provides "at 1east one 15 of the
f uncticonal 3@ rthpshape @sd nimbehofsthe aredeteahimed esgions 22, thsmuhberofsburceo’8,be

t d | imti .. gh i ff t ligujd t] A-H) . dt
COnStrUed. 82 e R ineEhil L et O <SRBT o Ship el L
coating metgs kRdpe dfMbk LBi'l%lBEé VBChYY ibd @ontrBRéd/ S tRO SRdpRSof ¥ ind¥zle R MHRET
silicones, and silica gel. Further, for exanple, suitable spray guns

i ncl ude t hédeliversameéehanism ¢4, hyyarcain siovd asspeiatdd witk theadeliveryt meehagism,ercuri ng,
t hen suitapl e,ex | es.of a curin ource 34.(Fj g, | nhcl ude hot pl ate
and s v | B gt e 8 ng Qratilef R SRS Rrshtid M s 4o BBl O “5o

to about 200, and nore preferably about 100 to about 150, for tine periods
of abgut 10 m nReferdpotet Figs haid 4,.in antbrial cndediset aphy, thoguiircd 38dids aabout 4
hours. Thus, a coati nz l'i brary having aéﬁl urality of predefined nufti-Iayer
coatings i Roipbelefopss 4 for dalivaring ther materiahl4 epipgidinghyitle 8 asnier pging e fadr ent
maski ng pa i gyt I CRU§ s at.er i . 1Qr

maskl ess " %%ﬁc{elﬂﬁa uatsrti}dpﬁ!(’;iseﬂl‘ihrse[(?r&elra{J i%isdpoogftﬁ%g& ?7615)19 g?(?atﬁés ﬂtéﬁa}lﬁé @ér\léﬁt age of
t he vari at deiverynarggbahavigg arentexine e sabstantaallyipgrpeddientae ty thersufateof the bei ng
delivered from each rayer nozzle to fo the coating library. 3o
Referring fiverygares 24 ah i GeMer Peib ddi nBAterring %?&- ‘ge%s?rpﬁ gectional
conbizgat or indikneRrbfiR 4YAbEIHROo ME |ditflesidhl! S0l @hch AShé YREM] AR 12
each co-foc_used,a%r -18 1\ﬁ‘%b02012.t321 P&fél'Hfl)USél 19%59ésa?érrru}taneg%gl%€s

f ocused, fBig. 3) ofithealeliveryl arem24 o€ queeatingti¢livertel fremrthegeteupeofFigadpivithal ity

of solid terij.als 14 to the supstrate,l osi.tigned, on abl e stage 92
W thin a QEBEElTsanals st sl gemerdict s O HIety Do ereMetEh vapor
deposi ti Ont;vsylpfclaﬂy 140t Qfﬁhl?leﬁé? ﬁ'sﬁ@ﬁaﬁia?lzaéﬁxﬁgfég%j}oé ?rd@étg&m&ﬁ@t gfkal such

as 5 magnesi um oxi de or | anthanum al um nate The deposition
housi ng 94thicknessgirafileetd thefeforehas waeprind 2 teindiding Iatniheventerlire 4mabtevieor

f . Ln thi t he, del | hani 2 . iti
covi dde SHRHCRT FTRC 10, Hine S kil TOR TRgios ¥, Bar ERSLAGE ik bhied 1 or
opt i UM ougdptdrline! NBurBtie’ e Burse! _Bvq@lr ﬁsc?}sit&d?@d %ﬂp%ﬁiﬁﬁp&&ng rsloafellafiom fpgsi tion,

where the stage may adjust vertica rotationally or inearly to

posi tion tplenesdPof the deliverniareat He(Rigl 3)velhre aedigal spasingi haffediethectotalt he

delivery nec (S 12.and the substrate 18 js a nask havi.n n_array of
“di fferent B’h@?gb ﬁgﬁg%?hl%gsmggﬁ%% iag‘%‘?eé%" r%ltslcﬁ?f’gtoﬁ]ﬁ 8?qt&9%i33 Cént act
with the spibed pain€albBg dhe thidknesnstofiediapiblifien), Thes, i Histase, tHeahickhédow ng
effect."” The mask 32 1's novably positioned within a vacuum chanber 98 of a
“nmask Aousi Prgiikote ismeratered within %@@mﬁ@slqmw of thendeliyanusree 2¢i e thickaesShe mai n
housing 94 in a manner to maintain the atnosphere of both vacuum chanbers
96 and 98. Further, the mask housi ng 100

-11-



i ncl udes a gear box 102 and mcroneter 104 for noving and neasuri ng,
respectively, the position of the mask patterns 80 with respect to the
substrat‘ﬁol(’gn_‘ﬁwther, the system 90 may optionally nay iRGI/USM/1818hut t er
106 having One or 20 nore apertures 108 to select one or nore materials for
si mul t aneous or sequential delivery and prevent interm xing of materials.
The shutter 106 is novably connected to a rotor 110 that rotates the
shutter ang.. el [ “rmge' ige, While
t he mask 9%{*?%%{&% ?ts%ghé%gﬁgb ?ﬁxtdvg%gu%\%ﬁi héq I'n asd Egnl'gt ?gﬁét&ggﬁﬁ% fhe

f eed-t hr oughterlitesdquant ity of deposition of the materials 14 is nonitored
with a 25 thickness nonitoring device 112, such as a quartz crystal

illator. B d i f diff t lL.Ld h h
by oL e MR 305 . 5 Bt HeBh e SR P RSHYS 38 e MR
coating cofm@eid 400! RYi9EriSs MHeChiteRsl LPEIRGdMBINItE Meelkritdt poifteds ¥E fHaout

need to break vacuumto change solid materials and/or nask patterns. 30 The®
vacuusn at ndedivbreyraread4,hiowevier, theiseiros isipositioned s@chathdt the centerling 44 af thed by a
back- punp stat.ion 114 nnected to,a turbg-nolecul ar 116, -19 WO

051 5ab1 PCORHeEiEh F18118 SeRIry Al o bepiogh BRRR D IHEE? AR oRPlit 0SB S5o1 de a
vacuum of ' , el Aol reyu de a
vacuum of lié%(ﬁgg tt%(r%hg,'ﬂiléempﬁgnwgg tﬁe tfgﬁ‘éérgg a?élbé} ng?gﬁ{;ijh%%gﬁm% (i;? ir%#le\%i th the
vacuum c hafisbesed d6livdry othg sowrcg 38 és loahted atld Borizonkad spacimgistance BB framy ieem 90
may generate coati lbraries of any ceramc, .netallic,and/qr

seni conducteBer @Hl”é?’lg'altl?e Rgrizen FPaé’&‘é Btﬁﬁ‘l‘ﬁﬁé%és 3 ffiytange. in g\}gygl&ae phthekness
measypged i NYTR - 1Bl i bR VoL 8S | Rl Ve Ot her
sui tg | e cfg’lui&%ery %rlggﬁlatni srmsﬂlslge [ 23f3tge I ageer?eaa%l gt?gﬁé&gl ect rgﬁﬁlbg)aem
evapor at i amrm@l/focusadcset up pasitiony The hosizontel spacingdlistancki 33g vestisabspacing

enerate inorganic coating lu ljbraries. To fahricate an organi c cqatin
Pibrary, ity deivtry gnglecd dre &l mePrmptedloiardiord pdaray B8
coupl ed wiylicd {5B58sish ?Hﬂt}ﬁ%éé 5:?%&1??48 YWRthin We SRFeryYaLL D4R Yn Dfis

utilized to fabricate sm i braries such as”for use in organic
| i ght eni temboglimentg ¢he( thickipeys profile 48 haga distorted Lmussiam disthiattionhwitk anas been

ided i. | i £ h, thi i i i i al. ti t
Pra et nodhelia et Shetasht brtns siitrt ¥ FRba fundheaORl ond SEslineRtintidar Y bea
i N conj uncihi QRuMe! Myvithef efer Qanﬁﬁm%m‘@gﬁ%ﬂ?% rebgii/dn Whete #R BRIRhER! at ed

that variations and nodifications can be effec a _person of ordinary
skill in tprefiler48 virien substemsisdlytlingarly with thé lenghogleng thetdimensiow 40 dihus,

Further, it js to _beg 2g.under hat ;. r.i.0ci pl.es;:.of the posd fj.oni ng
of the del ]inv%lllsy&}‘rsﬁt ﬁgnﬁ’slén@egsngg({qﬁg 4§e1% i c\l}%tg §e‘ngIpﬁ%Rh%tdé@F%ﬁg£n tsg &o?ﬂr% t he
coati ng t hdetivesssred o] the ebickiss beingdargest @owardthé ¥nd B theSdifdngion AN |
where applicable, to all enbodi nents. -20 WO 02/ 2.1321 WHAT | S CLAI MED
|'S: PETI Usbe inddinsdiail Sthand redueing imihicksessfinn ihe apexaidtayart thesdge gf the

mat eri al s, 4 i Shng. : 2 baving a surface ( 16) with a
plurality d&ﬁg?@%i#@%@&@‘ég?%%hrseae?‘%“‘e@%?%l urality of materials (14) for
coating the substrate; a delivery nechanism ( 12) associated with the
plurality of maReferralgsto Higebeiman nermis!dff+-focys setciyn 57 sthei soupres38 hante t o

si mul t aneousl liv each of the plurality o terials onto t urface
of the Sudgq%p%qufgc for dcepwenng the rgatenzﬁ 14 1}los1t;ongg1 at an o}‘fget istance @

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

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

30 the thickness profile 48 is offset within the dimension 50 of the delivery area 24, the
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a controller (26) that controls the delivery nechanismto selectively

deliver to each of the plurality of materials such that each of the

pl ural i tyoghppedefined regions of the substrate has a pi€T&SONEHRoat i ng

(30). 2. (Fhe systemof claim1, the delivery nechanismfurther conprising a

plurality of sources (38), each of the sources for delivering one of the

plurality of materials, wherein each of the plurality of sources has a

di fferent thickesis beingtingesadht e dﬁféehbdssiﬁdlﬁoﬁthﬁfaﬁm 53 and gfadaybly esiubingdhai m 1,

wherein the predefined coating associated with at | east one of the

plurality abf ll’eégmﬁrﬁomdhﬁ)@qﬂéﬁgn%‘l@hi n filmcoating having nultiple |ayers.

4. The systemof claim1l, further conprising a mask (32) having a plurality
of 20 patterns, . QoS L h&C h f

" substrate, Mer%%f%ﬁgggtﬁk%g' ?’hl{g ﬁ%@?ﬁw%%ﬁt@rﬁ%%ﬁé Sg@‘?F?’ %oﬁn%gtpee over

t he subst rpaint, of docusvi fer delivarihg die mbieripl W4 pbsitiynealf atpthe toffsaisdistancenfgue to

permt delivery of the materialsg to different conbipations, of the plurality
of pradef i3RAE &’SQ‘LB’@S‘BF S0hfrogh the: Geates pomt %éﬂwgtt&ncsmeémaﬁﬁ I8 alyher ei n

each of t%li@érygat%%ieté( b?&wé%ﬁtaﬁéﬁ@daﬁ?%gégpﬂdsa%u?% ae%glésefélrﬁlve.st ltﬁ&égaqef rom

t he group cons ng or meta ceramcs, des, nitrid and

sul fides. 49.ofthedeieteited24C [RkH tase)beeagierviaRe Beldery Bple auindldff-focas
materials conprises a material selected fromthe agé)oup consi sti ng of

pol ymer i c peintef fequs 42othedwriaental spaciag 53 10f thessaure Fofrer the sormaldoenspd ast i
L N 0 s TP o 1.

syst e of poimidd Thuwtiarkis Badeh thedRicknas yrofite B8H venfidreiistonewithingie - 21
WO 02/ 2d321 PCTIUSQO | 19159 a shutter having a plurality of positions

cor r espondiimension ahehthgelivery gregr2d than thg setpy rliigy S, wherein the control | er
controls the position of the shutter to selectively expose at | east one of

the plurality qh dieh i Sol Gl OPFRN EACRONahBR SHBR! EfiGenSrpflieagyot em

of claiml, wherein t chanl s urther conprises: a plurality
of spr ayerwitder theateliveryr arsp2heilhyary depénding am theivestical spaaingr60ciesweentthe ei n

each of the plurality o terialg | s vaporizable by the correspondi ng one

of the pl &P‘é‘r‘)’f’t ’ Whéﬁrtg?gﬁhlfé%i“él@sm"f@e ’Mﬁ%‘ W’éqaé‘?ﬁy SPaCHI rﬁr“ﬂ?‘e‘f’ Jﬂ? her

co § SI Ngj ' b 1S ki ’ vabl e
mpy4 Qlatnfésgﬁfsgxggﬁ'ﬁkﬁ'&s miw awlﬂwa%wmﬁ%h@eelmw e 94 &gahognﬁom

nount i ng device ( In co ni cation th the controller an ng a

mount for thotdivegy adgle aghérizoned spacing 53 andniffsel distanceo’?, rwhiese thevsemadlet of t he
nmounting device to positio ne of the pluragli of, .maski ng .patterns over
[he. subst Ht anglh ShBAEE i PO Tl BaciaE: Br o1t atnceawtll Shasst e
plurality pinegat er@'e?caﬁﬁéelt, herHRstloakfy. 4.5kl %hiIlB%s§Yp°rBﬁfQ QB ﬁiag' gl

further conprising a novable holding device (37) in communicatioh wth the
cont r ol | ersubgtentiallyi flat in fth tdimensiar 5@uplh the daljvariiearsai sk mdthe thewpmopei n t he

oM A | B 1B PR BT Boc B AR K it
recei Vi ng spitng @lowéoéry tf thitknés8 $861ile 48 iR thel diMemdion 30 ot Yherdelivedyelrbah 4 -
may gradually change from a largest thickness at the apex 52 to a smallest thickness
at the edges of the dimension of the delivery area. Preferably, a coating library
having a substantially constant thickness is desired so that the thickness variable can
25 be ruled out of the analysis of the plurality of predefined coatings 30 associated with
each predefined region 22 in order to focus the study on the effect of the coating
composition. In operation, a substantially constant thickness coating library is
achieved by calibrating each delivery mechanism such that a linear thickness profile
is distributed across the delivery area. When multiple delivery mechanisms are

30 utilized, preferably the same portion of the thickness profile is positioned within the
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20 12. The systemof claim11l, wherein the holding device is novable at a
substantially constant rate. 13. A system (10) for nmaking an array of

coat ed er%E)z?sz’ conprising: a delivery area (24) fixed RCTHB¥il{1PHed
within the system a substrate ( 18) having a surface ( 16) with a
plurality of predefined regions z5 (22), the surface of the substrate
positionable within the delivery area; a plurality ofmaterials (14) for
coati ng t hpliseySiréAtdt: eadh @RlivarP mvecRBAEAN BiBréfore? thA P&t 3h@htivh lallokie
plurality of materials, wherein the delivery nmechanismis positioned to

si mul t anedhe| magefartuss yok aenating librarigs uhaying yvistualint énfindles veriations dinf f er ent

fixed position d.nt he delj yery area; 0 controller (26).4ha
controls tcl‘?glpgglitlp{}grt?y?féc ﬁg?#ﬁ)s% eqfe&qggglwgtﬁggﬁsv‘gﬁh&t {hleeég%ahbﬁé}fof t he
pl urality médemmberbgibss BO sheedRbbiyRE V1 8abE Faslied) thdabrtiealCpadingt 68 thé2 WO
0212.1321 PCT/USOL/ 19159 plurality of predefined regions of the substrate

has as pr edigliverydngls:a and)theadisetdistancd Fhdor each sodrce B8 of kashadfi thy phifrality

mat eri al s. f14. Tagelﬁ?ySt em of claim 13, wherein the predefined coating
associ at ePIVRA#2 'f-east one of the plurality of regions conprises a thin
filmcoating having nultiple 5 | ayers. 15. The systemof claimi 3, further

conprising a nmeRdfertigl ©0FigsPR Wndl9,tiv ée @rabddmeat of Becommsilatbasl &da‘ﬁﬂ%d
adj acent to the delivery area between the plurality of materials and the

surface ofSyste® & Broptineousiyhvarsing ceating igranrid isiformaed enythersubsirate by s

posi ti ona W 1N ] r ed . Of At rality of
Pt er no. 1€ piddhdhyl EpBLion 5F i 8o FRAMBIALSE B SRENY ot Ml 1A
conbimat i qrsm Gburcbe3®l Thelrelattve thigieseindenp@gicnsf @lchtdiahs phsilitatof. 16.
The systemof claim]3, wherein each of the plurality of materials

conpri ses Riedadingd peatings 30 dpasdindividually or feth gontiananskit vary ap thawesull of the) | oys,
ceram cs, x| el T A sub{i 7 S I M. 16,
wherein t ﬁgégg%?\%%fenjéégﬁ%ﬁ@ S'fAleulrd ﬁggﬁ%hoégﬂgesglgI%%\gsg}éo%%%%ﬁe?oér?edevi ce.
18. The sykliecredtto theasubsttate 18heTids tortinmonelariation ma@cbatihedan drwohtiiiear,

conprises:_ a shutter having a pluraljty of positions corresponding to each
of the pl leapnding 99 variapleseyuch|ag theysdehigry angle 8o the Brajestive giwes|of thae

o it or' el vtg i, {2 nseuRI Woi RHARAE ot olRRaRCIHE Byl by 7L
of the pl wraimduyt of nakdriat depasited par uiietma, thatfedd aite sed ewicedtritionofithe gr oup
{hor mopl AJERENBRJHARS Gl 195 HELERSTh It et FREHES S30he Thest SR of
claim19, 4h6f @k Rodrde 38GLIaMOE Yo RTRARE PBint 4! A€ horizontal spacing 53 of each
source 38 to the center point 44, the shape of the envelope 40 (not shown), the
20 atmosphere and power per area and pressure and species of gas in vapor deposition,
and other similar factors. Each of these variables may be varied individually or in
combination to produce a predefined coating in each predefined region 30. Further,
although not shown, a mask 32 may be positioned between each of the sources 38 and
the substrate 18, preferably adjacent to or touching the substrate to assist in forming

25 the coating library.

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

30 preferably from about 10 cm to about 20 cm. The horizontal spacing 53 may vary
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conprises: a plurality of sprayer devices corresponding to the plurality of
materials, wherein each of the plurality of materials is vaporizable by the
correspog@ easofie of 30 the plurality of sprayer devices. PQT/USTIIE1Yy St em of
claim 13, further conprising a novable nounting device (35) in

communi cation with the controller and having a nount for holding the nmask,
-23 WO 02/ 2.1321 PCT/USOL/ 19159 wherein the controller controls novenent

of the nourifomabaele\di af td6 @bt ¢ mereepreferably frunuabbittdycmfto@bbate3hempver
the delivery area in conjunction with the delivery of at, | ﬁﬁ%imone of the
plurality @Rdmaskpreiprablyqremeabaey 1 emytoabeyt 20 sm. Thie goating SIS ANM 21,

further COQ/Pé} fibii%a umvlgﬁgﬁ}emltgiaﬂgwd?%iﬂﬁnéex( ?h%rej[ efedHR HonfhbRR M th

_the control and havin I Xture for supportin e substrate, wherein

t he cont r olntieronmtert ool mictdms) s aboutof 0 mienventnd indsh prefemaphyr fromgablexie to
position at | east poré'om of the substrate within the delivery area in

, conj urct i oH"G\HOPFth?‘a@“Hé éV’é‘W“‘%f at least one of the plurality of materials
to the delivery area) 10 23. The system of claim 22, wherein the hol ding

device is ”Dvab|l@féﬁ'in€t§_l;'%?9?6ﬁé @hbodimensifand céating-libddty 68 pisdueed bl Qke Maki ng
an array of coated nmaterials, conprising: providing a Substrate ( 18)
havi ng a seembinatorial 69atingt gysterp62i(Eiki 8)yincfudps eppasingegradientscingteniyls Aand i s

sel ectivel iLverin t | east. one, of ralityeof .material 4) to the
sur face of "o cHEE SoflupSHg el Spfls BoPh b A boR ot PR Bnd ol ' Uhe
plurality abowtr@dabidbedt 16 WTSmakridlNB foviag Naterillyviedse tBeebatalg fib@ry
plurality of materials is positioned for sinultaneous delivery to the

subst Fat e. fiom thengideradinernt de the souice238 ofymaterial AeRepending Wwndhe ivedrblay at
| f 2 Al | ' i i ver |
conor "o gL ABOR iRl kel TR BEIRL oF d Bl RAIRE e Sl 564

each of th s from er en . The

met hod of ebaing lbtaryvdiemay havdwsubsrdaillyneshstantds N gadabl@thicknessackdbsnhd i | m
coating. 27. The nethod of claim 24, wherejn the predefined coatjng

conpri ses &ubstiate. 2Breferablye dha FoMCesQf materialst Apand Bhavesespegtiverpainiiephod of
claim 24, ri sl LB Nk t ace of
t he subst rfzgﬁfsg‘%hgﬁgg adt E*éggfg?@(;hggegg(? l?@%&e?%‘%@ﬁ%l&%ﬁﬁ%ﬁemngf Elcg)éd of

cl ai ms28, \dbkvery mp&d to ahdtnide tthieknass loff the tdoeting dibpary Se Substhretallly vedngtant

B0 subst r adeoR ecHBste.| BusheroReaiBF e AT e or QIghsion WM 321
A and B by controlling the rate of evaporation, a new material may be formed by the
in-situ diffusion/mixing or by the reaction of A and B. Alternatively, the substrate 18
of Fig. 8 may be movable, such as rotationally, longitudinally and laterally, to obtain
20 multiple variations in the composition of each of the predefined coatings 30. Further,
the sources 38 may be sequentially fed with new and different materials, which in
combination with a laterally moving elongated substrate, results in a continuously
varying coating along a longitudinal length of the substrate. Additionally, each
source 38 preferably is positioned within a delivery plane 65 that is substantially
25 parallel to, but spaced a vertical distance 60 from, the plane 49 of the delivery area.
In an alternate embodiment, however, the vertical spacing 60 of each source 38 may
independently vary to provide a different thickness profile 48 within the delivery area
24, Thus, the system 62 of provides for the simultaneous delivery of at least two of a
plurality of materials onto the substrate to obtain a continuously varying coating

30 having gradients of the at least two materials.
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PCT/ USO01/ 19159 30. The nethod of claim 24, where each of the plurality of
materials conprises a material selected fromthe group consisting of

nmet al s, ‘Q,bl O%g3z1Ceramcs, oxides, nitrides and sulfides. BAT/USNE9KEt hod of
cIa|m24 v&nere each of the pl urallty of materials 5 conprises a material
selected fromthe group consisting of polymeric materials, oligoneric
materials, small nol ecules, thernoplastic polyners and therm)setti ng

pol ymers. 32. TR%fd?ﬂhﬁ'WF@fs fd-21,"n 2 otheh efBodiftleftiiiniial 1o Ghat bVEIgE. 924 | east
one of the plurality of material’s further conpri ses vaporizing the

material . lan®Bconhinateriahenttiog sustemrﬁSzzrovxdn%a @ogtenu@@s itareary cwmg/bbﬂamg at

aper tur o1 R0a AL Nat Byt didh (TR S Fa3r b thlrefl o AR P4 AR DRRLPE. 5,
The net hod sipultahadusly2és sé@éﬁﬁiﬁ{y diverddsir el sesnweﬁlgst Pﬁeswasddsatseardteacmg the
delivery of the at least one of the Iurallh% of materials to th

subst sat e. pesitigaed ifrfesubstentialyoidertical pnglad off foewesetupodHigi Hgai)éﬁctlb@ﬁn ng
one of a pl {)’&%l 'ég?é sﬁch@?%é gferb;rgﬂa g@ﬁﬁxtﬁgﬁé@%@o ecusc% 9% E?ﬂeggt ?ﬁt’e?l and

t he substra rray of coated

conpri si ng76pasthe lsmeraglsamué)sématmﬁt 44) Phafsriably, thestirdlead4 has A@jiameteh a
plurality of predefined regigns (22) such that the surface of the substrate
i's within ety dismstepof thyfelingrepear ot fspmples fheasiedle (74 nrefeebly

posi tioned Pa@% RiAEhG ot By 36 gﬂnf \ytﬁ'lé hvérgaa?&a Ra[}f’aoéri]’famt%te? '1#1: b fa dlle ﬁge gF

materi al s each” froma eren |xe oSl very area
to fom a pb@ddfOlcmedo ab@itildenf. 30'}lc(cbatatg lhlﬁag/c 7@qummﬂ byhsystein 68 imalyybeod
materials on each of the plur

i ne eglons of t bstrate.
25 37. Thecﬂ%q%&!s beVQfV‘élgrrF%gm éﬁ n é ﬁéﬂa%ﬂélﬁlﬁgrkcﬁﬁ‘g ses a
thin film goakiing 2 'i‘a%ﬁa ﬂﬁagame%namer Bﬁuﬁ ﬁxeofo%ﬂﬁﬁérﬂﬁﬁ
I I m cdat | ng

coating corrprlses at aving multiple ers.
met hod of dieacmatmg hﬁranryt %KF:gsnﬁ-rﬂ),sdcsgnbcﬂs abmmwngﬂaﬂmppdy(tﬁzhe mam ween

t he surfac bstrate t he at ast .qne delivered material. -25
WO 0] 2325 TBGETY TG 08 FYHEO0E TIHST HEpHBlE B tolalen COSPORISR T8 ORBRE gt he
mask fsurt hﬁbr&?ﬁmra't 2Ry p SRk 8Ch INR¥nRAShE hepidial QPaciRg 53, &ﬂfé&%ﬁs‘tén\ée%b mask
patterns between the surface of the substrate and the at | east one

del i ver ed tiet delivaty. anfle aTthe siepdofithefenvilapend8af thdsprey efiehclomatehiel, phair al ity

of materials. ri ses.a jmaterial oup _gonsj sting of
Tt ol ai PO of CoRA d2C Gl Rl Sipe FudBes DrPEudeing Fnd FglRerhod of
claim 36, wiesin&ashn®e dderipéd aBdvel Wnﬂf re!@érﬁ!e' @ PigBOBW, | SRR WBHSHZ 2l

sel ected fromthe group consisting of Eo ynmeric materials, oligoneric

mat er i al s, exaraple, thgecaithirush gusewerspimultancopddy foeused mwdelmerarﬁmeaptrasngf 10

gﬁley A th e411ree El}?ergrﬁ maﬁerleﬁs to 1he siib s?frdte \ﬁ\ﬁemgg 3h a?lgt ' Veijf¥ocus set 5p EP?Fat | east

7). All of the guns were positioned in a delivery plane parallel to and vertically
spaced about 15 cm from the delivery area. Further, each gun was positioned to have
a delivery angle a of about 45° and a horizontal spacing 53 of about 18 cm. The
substrate 18 was a substantially circular disk of silicon wafer material having a
25 diameter of about 8 cm. Each of the plurality of predefined regions were sized to
form a coating library having 66 predefined coatings. The coating material included
2% polyethylmethal acrylate (PEMA) in iso-propanol solvent mixed with an organic
pigment. After deposition through a ternary or triangle mask (not shown) and thermal
curing, a ternary coating library having 66 distinct compositions was generated in a
30 few minutes. The coating was about 2 microns in thickness, and the coating thickness

scales linearly with the coating time.
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plurality of materials further conprises vaporizing the material. 44. The
nmet hod of claim 36, where selectively delivering at |east one of the

pl ural i tywoafaeheri al s further conprises positioning an RER/UMNEIIN a
shutter between 15 the selected material and the substrate. 45. The net hod
of claim 36, further conprising noving the substrate during the delivery of
the at | east one of the plurality of materials to the substrate. 46. The
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In a working example of the system 72, each delivery mechanism 12 is a

5 sprayer nozzle that atomizes a liquid 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.

A coating library 82 having multiple coating layers may be developed by sequencing

10 the delivery of the materials 14 from the plurality of sprayers 12 in combination with
a sequence of masking patterns and curing steps (if necessary) to provide a
predetermined coating 30 in a predefined region 22 (Fig. 2) of the substrate. This

may be desirable, for instance, when searching for a coating having multi-functional
properties where each one or a combination of the coating layers provides at least one

15 of the functional properties. In this particular example, which should not be
construed as limiting, eight different liquid coatings (A-H) are fed to eight
individually controlled spray guns. For example, suitable liquid coating materials
include polyacrylides, polycarbonates, vinyl polymer, silicones, and silica gel.
Further, for example, suitable spray guns include those manufactured by SonoTech.

20 If the materials require curing, then suitable examples of a curing source 34 (Fig. 1)
include a hot plate and a UV lamp capable of curing the materials at temperatures of

about 80 to about 200, and more preferably about 100 to about 150, for time periods

of about 10 min to about 10 hours, and more preferably about 1 hour about 4 hours.

Thus, a coating library having a plurality of predefined multi-layer coatings is made

25 in a parallel fashion, either by combining different masking patterns with different
‘ liquid precursor materials, or by a maskless “continuous phase 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

library.

30 Referring to Fig. 15, in another embodiment, a vapor deposition combinatorial
coating system 90 includes multiple delivery mechanisms 12 each co-focused, or
-18-
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10

delivery mechanisms 12 are vapor deposition devices, such as sputter guns powered
by RF power, preferably matched for optimum output. The stage 92 supports the
substrate 18 in a known position, where the stage may adjust vertically, rotationally or
10 linearly to position the substrate within the delivery area. Positioned between the
delivery mechanisms 12 and the substrate 18 is a mask 32 having an array of different
patterns 80. The mask 32 is preferably substantially in contact with the substrate 18
during vapor deposition, to minimize the “shadowing effect.” The mask 32 is
movably positioned within a vacuum chamber 98 of a mask housing 100. The mask
15 housing 100 is in communication with the main housing 94 in a manner td maintain
the atmosphere of both vacuum chambers 96 and -98. Further, the mask housing 100
includes a gear box 102 and micrometer 104 for moving and measuring, respectively,

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

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

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

to a rotor 110 that rotates the shutter and aperture 108 to select the solid material 14 to
vaporize, while the mask pattern 80 is changed in-vacu with linear motion vacuum
feed-through. The quantity of deposition of the materials 14 is monitored with a

25 thickness monitoring device 112, such as a quartz crystal oscillator. By vapor
deposition of different solid precursors through different patterns of masks, a
substrate with more than 100 different coating composition/layer structures can be
fabricated in a day without need to break vacuum to change solid materials and/or

mask patterns.

30 The vacuum atmosphere within the vacuum chambers 96 and 98 are
maintained by a back-pump station 114 connected to a turbo-molecular pump 116.
-19-
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suitable dezlvery mechanisms 12 include laser ablation, electron beam evaporation,
CVD, etc., that may be used with the masking system to generate inorganic coating

10 libraries. To fabricate an organic coating library, a co-focusing multiple source
thermal evaporation apparatus coupled with a masking system may be set up. The
same system may be utilized to fabricate small molecule libraries such as for use in

organic light emitting diode (“LED”) devices.

15 It is apparent that there has been provided in accordance with this invention, a
combinatorial coating system and method. While the invention has been particularly
shown and described in conjunction with preferred embodiments thereof, it will be
appreciated that variations and modifications can be effected by a person of ordinary
skill in the art without departing from the scope of the invention. Further, it is to be

20 understood that the principles of the positioning of the delivery mechanisms and the
delivery of the materials to form the coating thickness profiles described herein apply

in a similar manner, where applicable, to all embodiments.
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a delivery mechanism (12) associated with the plurality of materials, wherein
the delivery mechanism is positioned to simulténeously deliver each of the plurality
of materials onto the surface of the substrate; and

a controller (26) that controls the delivery mechanism to selectively deliver

10 each of the plurality of materials such that each of the plurality of predefined regions
of the substrate has a predefined coating (30).

2. The system of claim 1, the delivery mechanism further comprising a
plurality of sources (38), each of the sources for delivering one of the plurality of
materials, wherein each of the plurality of sources has a different fixed positioned

15 within the system.

3. The system of claim 1, wherein the predefined coating associated with at
least one of the plurality of regions comprises a thin film coating having multiple
layers.

4. The system of claim 1, further comprising a mask (32) having a plurality of

20 patterns, the mask positioned adjacent to the surface of the substrate, wherein each of
the plurality of patterns is positionable over the substrate, and wherein each of the
plurality of patterns is unique to permit delivery of the materials to different
combinations of the plurality of predefined regions of the substrate.

5. The system of claim 1, wherein each of the plurality of materials comprises

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

6. The system of claim 1, wherein each of the plurality of materials comprises
a material selected from the group consisting of polymeric materials, oligomeric
materials, small molecules, thermoplastic polymers and thermosetting polymers.

30 7. The system of claim 1, wherein the delivery mechanism further comprises
a vapor deposition device.

8. The system of claim 7, wherein the delivery mechanism further comprises:
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wherein each of the plurality of materials is vaporizable by the corresponding one of
the plurality of sprayer devices.

10. The system of claim 1, further comprising:

a mask having a plurality of masking patterns; and

10 a movable mounting device (35) in communication with the controller and
having a mount for holding the mask, wherein the controller controls movement of
the mounting device to position one of the plurality of masking patterns over the
substrate in conjunction with the delivery of at least one of the plurality of materials
to the substrate.

15 11. The system of claim 1, further comprising a movable holding device (37)
in communication with the controller and having a fixture for supporting the
substrate, wherein the controller controls the speed of movement of the supporting
device to position at least a portion of the substrate in a delivery area for receiving the
delivery of at least one of the plurality of materials.

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

13. A system (10) for making an array of coated materials, comprising:

a delivery area (24) fixedly positioned within the system;

a substrate (18) having a surface (16) with a plurality of predefined regions

25 (22), the surface of the substrate positionable within the delivery area;

a plurality of materials (14) for coating the substrate;

a delivery mechanism (12) associated with the plurality of materials, wherein
the delivery mechanism is positioned to simultaneously delivery each of the plurality
of materials from a different fixed position into the delivery area; and

30 a controller (26) that controls the delivery mechanism to selectively deliver at

least one of the plurality of materials to the delivery area such that each of the
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5 layers.

15. The system of claim 13, further comprising a mask having a plurality of
patterns, the mask positioned adjacent to the delivery area between the plurality of
materials and the surface of the substrate, wherein each of the plurality of patterns is
positionable within the delivery area, and wherein each of the plurality of patterns is

10 unique to permit delivery of the materials to different combinations of the plurality of
predefined regions of the substrate,

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

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

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

a shutter having a plurality of positions corresponding to each of the plurality

20 of materials, wherein the controller controls the position of the shutter to selectively
expose at least one of the plurality of materials to the delivery area.

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

25 polymers.

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

a plurality of sprayer devices corresponding to the plurality of materials,
wherein each of the plurality of materials is vaporizable by the corresponding one of

30 the plurality of sprayer devices.
21. The system of claim 13, further comprising a movable mounting device

(35) in communication with the controller and having a mount for holding the mask,
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22. The system of claim 21, further comprising a movable holding device
5 (37) in communication with the controller and having a fixture for supporting the
substrate, wherein the controller controls the speed of movement of the supporting
device to position at least a portion of the substrate within the delivery area in
conjunction with the delivery of at least one of the plurality of materials to the
delivery area.
10 23. The system of claim 22, wherein the holding device is movable at a
substantially constant rate.
24. A method for making an array of coated materials, comprising:
providing a substrate (18) having a surface (16) with a plurality of predefined
regions (22); and
15 selectively delivering at least one of a plurality of materials (14) to the surface
of the substrate to form a predefined coating (30) on each of the plurality of
predefined regions of the substrate, where each of the plurality of materials is
positioned for simultaneous delivery to the substrate.
25. The method of claim 24, wherein selectively delivering at least one of the
20 plurality of materials further comprises delivering each of the plurality of materials
from a different fixed position.
26. The method of claim 24, wherein the predefined coating comprises a thin
film coating.
27. The method of claim 24, wherein the predefined coating comprises a thin
25 film coating having multiple layers.
28. The method of claim 24, further comprising positioning a mask (32)
between the surface of the substrate and the at least one delivered material.
29. The method of claim 28, where positioning the mask further comprises
selectively positioning one of a plurality of mask patterns between the surface of the

30 substrate and the at least one delivered material.
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oxides, nitrides and sulfides.
31. The method of claim 24, where each of the plurality of materials
5 comprises a material selected from the group consisting of polymeric materials,
oligomeric materials, small molecules, thermoplastic polymers and thermosetting
polymers.
32. The method of claim 24, where selectively delivering at least one of the
plurality of materials further comprises vaporizing the material.

10 33. The method of claim 24, where selectively delivering at least one of the
plurality of materials further comprises positioning an aperture in a shutter between
the selected material and the substrate.

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

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

36. A method for making an array of coated materials, comprising:
positioning a substrate (18) having a surface (16) with a plurality of
predefined regions (22) such that the surface of the substrate is within a delivery area

20 (24), where the delivery area is fixedly positioned; and

selectively delivering at least one of a plurality of materials (14), each from a
different fixed position, to the delivery area to form a predefined coating (30) of at
least one of the plurality of materials on each of the plurality of predefined regions of
the substrate.

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

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

39. The method of claim 36, further comprising positioning a mask (32)

30 between the surface of the substrate and the at least one delivered material.
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comprises a material selected from the group consisting of polymeric materials,
oligomeric materials, small molecules, thermoplastic polymers and thermosetting
10 polymers.
43. The method of claim 36, where selectively delivering at least one of the
plurality of materials further comprises vaporizing the material.
44. The method of claim 36, where selectively delivering at least one of the
plurality of materials further comprises positioning an aperture in a shutter between
15 the selected material and the substrate.
45. The method of claim 36, further comprising moving the substrate during
the delivery of the at least one of the plurality of materials to the substrate.
46. The method of claim 45, further comprising positioning one of a plurality

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