THE COMVBI NATORI AL SYNTHESI S OF NOVEL MATERI ALS This application is a
conti nuat i 0Qd &35 t of Serial No. 08/327,513, filed Cctober 18, 1994, the
t eachi ngs gﬁd\/ﬁf‘w’are hereby incorporated by reference for aPEIT/USISI32T8
pur poses. STATEMENT OF GOVERNMENT | NTEREST il'hl s invention was nmade with
Gover nment support pursuant to Contract No.* DE- ACO3- 76SFO00098 awar ded by
t he Departnent of Energy. The Governnent has 15 certain rights in this
i nvention. FIELD OF THE | NVENTI ON The present invention generally rel ates
to nethods and apparatus for the parallel deposition, synthesis and
screening of an array of diverse materials at known 20 | ocations on a
si ngl eésubstrate surface. The invention can be applied, for exanple, to
prepar e’ coval ent network solids, ionic solids and nol ecul ar solids. Mre
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materials, organonetallic materials, non-biol ogical organi ¢ pol yners,
conposite materials (e.g., inorganic conposites, organic conposites, 25

or conbinations ther edhis applicatiéinisoa posthruation-in-paa of Sefiar No! 08/327,918, filed
screened in rall ﬁl I%{, sef u| proFert,l es | ncI ud| ng, for_ exanple

el ectrical, %& cherebyoiscorparatedrhy ce for all
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The di scovery of new materials with novel chem cal and physical properties
often | eads to the devel opnent of new and useful technologies. Currently,

there is a trenendous ano Q V] Iln_the discovery and optim zation '
of materials, such as sup umm‘éﬁ\i& M&Sﬁterials
phosphors, nonlinear qhiy m@bntitH @44 wi GHV&'E

and low dielectric materials. Unf orﬁ?ﬁgt e@e g‘%ﬂ%‘ﬁ"’?ﬁﬁ%ﬁa{'ﬁﬁgﬁaﬁ?‘gt ry
of extended 90P%é%s7mawmwdiyythewnm¢m o EngrgyerPhe Govérainieh€has
have §q §Er ge, ne t redict with certainty the conposi tion,
structure a%&‘aﬂgglgﬂsdﬁ%tlﬂ for the synthesis of such solid state
conmpounds. Moreover, it is difficult to predict a priori the physical

properties a parti cuI ar three 5 di mensional structure wll possess.
Consi der, for exanple, the syntHE&ELD OF THE INVENTION

The present invention generally relates to methods and apparatus for the

parallel deposition, synthesis and screening of an array of diverse materials at known

20 locations on a single substrate surface. The invention can be applied, for example, to
prepare covalent network solids, ionic solids and molécular solids. More specifically, |
the inventiop can be applied to prepare inorganic materials, intermetallic materials, metal
alloys, ceramic materials, organic materials, orgahometallic materials, non-biological
oi'ganic polymers, composite materials (e.g., inorganic composites, organic composites,

25 or combinations thereof), efc. Once prepared, these materials can be screened in parallel
for useful properties including, for example, electrical, thermal, mechanical,
morphological, optical, magnetic, chemical, and other properties.

BACKGROUND OF THE _INVENTION
o The discovery of new materials with novel chemical and physical
properties often leads to the development of new and useful technologies. Currently,
there is a tremendous amount of activity in the discovery and optimization of materials,
such as superconductors, zeolites, magnetic materials, phosphors, nonlinear optical
materials, thermoelectric materials and high and low dielectric materials. Unfortunately,



[err] superconductor in 1987. Soon after the discovery of the [err] .
super conduct or, whi ch adopts the K2Ni F4 structure (Bednorz, J. .
Ml [ er, z. WRW6/1E8784: 189 (1986), it was observed that the applp%gfspgﬁéa@
pressure increased the transition tenper aturf (Chu, .et al., Phys. Rev.
Lett. 58:405 (1987)). As such;, Chu, et 10 al. attenpted to synthesize a

Y- Ba- Cu- O conmpoupnd aof ..t he sane stoichi,omet.ty ..n,the hope. t.hat substitution.
of the smal | SYERSPang e chegtiiry Bf BrEnued'Sotids Bl vk eRBRGyely xploted, fen. penetal
effect. Al t hpsimdipled Rivé euieepda mar S5\ Whkityipradiodeith cBfkintyde sitioh})
[err] structure was observed (Wi, et al., Phys. Rev. Lett. 58:908 (1987)).
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finding a key which fi l'ock of unknown structure. One solution to the
problemis to sinply pQlearly theprepasation ofaneye materials with novel chemicaliandsphysical
the hope that_one. wi.ll fit.the |ock, I ng this,logqi ay
devel oped f oP %%éﬁtgmams Ko with Ok bitréht \QRY 6f uHEérmnginE (?o:ﬁ&flﬂmtly,
the discovery of new materials depends largely on the ability to synthesize and analyze
20 new compounds. Given approximately 100 elements in the periodic table which can be

used to make compositions consisting of three, four, five, six or more elements, the"

universe of possible new compounds remains largely unexplored. As such, there exists a
need in the art for a more efficient, economical and systematic approach for the synthesis
_ of novel materials and for the screening of such materials for useful properties.

25 One of the processes whereby nature produces molecules having novel
functions involves the geﬁeration of large collections (libraries) of molecules and the
systematic screening of those collections for molecules having a desired property. An

. example of such a process is the humoral immune system which in a matter of weeks
sorts through some 10" antibody molecules to find one which specifically binds a foreign

30 pathogen (Nisonoff, et al., The Antibody Molecule (Academic Press, New York, 1975)).
‘This notion of generating and screening large libraries of molecules has recently been
applied to the drug discovery process. The discovery of new drugs can be likened to the
process of finding a key which fits a lock of unknown structure. One solution to the



screening of large libraries (up to [err] nol ecul es) of peptides, .
ol i gonucl eoti des and ot her 5 smal | nol ecul es. Geysen, et al., for
exanpl e, ha¥O8¢4B™ped a net hod wherein peptide syntheses ar @CTHIIFARS
~in parallel on several rods or pins (see, J._ Immun. Meth. 102:259-274

+ (1987), incorporated herein by reference fordall purposes). Generally, the
- Ceysen, et al. t hod invql ves, functionalizing the termni, of pol ric,.:
" rods and squé?Rq?'E|‘F3°ﬂWP§¥?F%‘B‘°Fﬁ83t‘%¥ﬁi‘ﬂfgﬁ rglgﬁrlﬂf%ﬁlgremﬁeﬁmgﬁgpethat
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- reference for_ all putﬂgoses). As a result of their relationship to

- seni conduct oPirreng, € 4., dave develoned astechnique forgenerating iasways 1of peptidasand other
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LS P er r) blentslostn, 4 el PR tecel, sbaatV oo el rihesis lechnigues,
in, for exanpee, UsSsPftent'No.v5148)854|and FCTE Publitativh 6.)WGI008/13070, incorporated
- oligonucleotides to determ ne their relative binding affinity to a receptor
. such addan ahereinoby refereace for all purposes).y dniaddition; Fedor, ¢tk have dewmelopeds aimang

dt C 0 i ' i e i e. .
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20 reference for all purposes).

Using these various metliods, arrays containing thousands or millions of
different elements can be formed (see, U.S. Patent Application No. 805,727, filed
December 6, 1991, the teachings ef Which are incorporated herein by reference for all
purposes). As a result of their relationship to semiconductor fabrication techniques,

25 these methods have come to be referred to as "Very Large Scale Immobilized Polymer
Synthesis," or "VLSIPS™" technology. Such .techniques have met with substantial
success in, for example, screening various ligands such as peptides and oligonucleotides.
to determine their relative binding affinity to a receptor such as an antibody.

The solid phase synthesis techniques currently being used to prepare such

30 libraries involve the stepwise, i.e., sequential, coupling of building blocks to form the
compounds of interest. In the Pirrung, et al. method, for example, polypeptide arrays
are synthesized on a substrate by attaching photoremovable groups to the surface of the
substrate, exposing selected regions of the substrate to light to actii'ate those regions,



and repeating the steps of activation and attachment until pol ypeptides of
the desired | ength and sequences are synthesized. The solid phase synthésis

t echni que? mﬁ?al nvol ve the sequential coupling of buil di pgradsisrge. 9.,
am no aci ? to formthe 5 conmpounds of interest, cannot readily be used
to prepare many inorganic and organic gorrpounds From the above, it is seen .
‘that a nethod and apparatus for synthesizing and screenl ng libraries of
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prgeer ti es including, for exanple, electrical, thermal, ‘nechanical
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secondmﬁmm mporients tocformcat ledse two materials:| Masérals iwhiéhicarsbe gi on

on the substrate. The process is_ optionally repeated, wth additional :

conponbsing the methads,and apparatus of the present mventlon mclude for example, covalent
network solids, jonic solids and molecular sohds More parhcularly, materials. whrch can
be prepared include inorganic materials, mtenneulhc matenals, metal alloys, ceramic

20 materials, orgamc matenals, organometalhc materials, n on-brologleal organic polymers,
composite matenals (e g, morgamc ‘composites, organrc composites, or combinations
thereof), etc. Oneeprepared thesematenalseanbeseremedmpanllelforuseﬁrl
properties including, for example electneal thermal, mechanical, morphological,
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30 matenalxsdehveredtoaseoondregrononﬂlesamesubmte Thereaﬁer a second
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substrate. 'Iheprooess:sophonallyrepeated mthaddmonaloomponents to form a vast



5 array of conponents at predefined, i.e., known, |ocations on the
substrate. n&P@r&g{fter, the conponents are sinmultaneously reacted to form at
| east two PPI8I8  The conponents can be sequential ly or si RINUSISAIERy
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Ced st I 't !
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materials. The conponents can or exanple, ¢
20 accomplished using a variety of delivery techniques, either alone or in combination with

a variety of masking techniques. For example, thin-film deposition techniques in
combination with physical masking or photolithographic techniques can be used to deliver
various reactants to selected regions on the substrate. Reactants can be delivered as
amorphous films, epitaxial films, or lattice and superlattice structures. Moreover, using

25 such techniques, reactants can be delivered to each site in a uniform distribution, or in a
gradient of stoichiometries. Alternatively, the various reactant components can be
deposited into the reaction regions of interest from a dispenser in the form of droplets or
powder. Suitable dispensers include, for example, micropipettes, mechanisms adapted
from ink-jet printing technology and electrophoretic pumps.

30 : Once the components of interest have been delivered to predefined regions
on the substrate, they can be reacted using a number of different synthetic routes to form
an array of materials. The components can be reacted using, for example, solution based
synthesis .techniqﬁes, photochemical techniques, polymerization techniques, template



synt hesi s techni ques, photochem cal techni ques, polynerization techniques,
tenpl ate 6 directed synthesis techni ques, epitaxial growth techni ques,
by the solwgae/1ipg7ecess, by thermal, infrared or mcrowave hestT/o$ps/18378
calcination, sintering or annealing, by hydrothermal nethods, by fl ux

met hods, by crystallization through vaporiéati on of solvent, etc.
Thereafter, the array can be screened for material s. having useful 5

properties. dmtdrnynﬂwslsetnﬂmmuwmd U&mmwdlmqmesvbmﬂh@ml-gahpmm byf
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enbodi ments, the densjnl ahottierepibodiifier T the presaitcinvention, Bf atrayBfdhofganic
1, 000 reqi ons/crr[err] nor e preferably 10,000 re lons/cer even_nore

preferabl y tgatéaﬂemmanzm Stade b predafined regions thegean ds pravideds cSuch an array

preferably J10, ] e
i nvention p%g\ﬂgges a nma rlﬁé{fi@ra%&héoiaql%’e%’?&g%?é gﬁ‘é’pﬁfg"?&“g’{‘m@ 'm ng
an array ofInryoherémboliments, therdensitys o adgiariscper unitesrea mulbbegreateﬁmaﬁqma

mat erial havi ng a yseful property, and maki ng addltional anounts of the
mat er 1 hdegieBs/cms Wmors preforably gregter mn%éﬁegimécrpr.eeyemmmﬁm geater
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met hod a Ipeefetably greatsr tharn 000 repioreyem® s mos( mmmmmhdewmshyen

di scovered Arrays of mater] aI s . cont al ni n i fferent,conposi Epons and

st oi chi onetTé§1eas Per ?@F Avea il be greater than 1,000 segipps/em’, \marepreferably 10,000, o5
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?ﬁgﬁgf ;)Lrenrendha'\t/ihﬁgalrj;%s e?f ‘S‘Bﬁ?“ al ? IWere sgreen d for 1 hhos%ﬁrﬁéﬁgjmza
material s Wi pripeRyStepdied B Forhing & ﬁi&ﬁbﬁnﬂ@ﬂd@oﬂh%ﬂ@e substrate;
screening the array for a material having a useful property; and making additional
amounts of the material having the useful ptoperty “As such, the present invention
20 provides methods and apparatus for the parallel synthesxs and analysxs of novel materials
having new and useful properties.

Using the foregoing method, a new family of giant magnetorestive (GMR)
cobalt oxides has been discovered. Arrays of materials containing different compositions
and stoichiometries of Ln, ,M,Co0,, wherein Ln is, for example, Y and La, M is, for

25  example, Pb, Ca, Sr and Ba, x has a value ranging from about 0.1 to about 0.9 and z
has a value ranging from about 2 to about 4, were formed using thin film deposition
techniques in combination with masking techniques. Once formed, the arrays of
materials were screened for those materials among them having useful properties. More

. particularly, the arrays of materials were screened for specific materials having giant
30 magnetoresistive (GMR) properties, among others. In doing so, large magnetoresistance
' (MR) was found in La, ,-(Ba, Sr, Ca),-CoO, samples, wherein x has a value ranging
from about 0.1 to about 0.9, and z has a value ranging from about 2 to about 4. Once




30 magnet oresi stive (GVR) properties, among others. In doing so, large
magnet or esi st ance (MR) was found in [err] sanples, wherein x has a value *
rangi ng froWQ®SU8’. 1 to about 0.9, and z has a vaI ue rangi nBCTUSAERH Ut 2
to about 4. Once 7 the matérials having useful properties were
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techni ques t ab@itrG:1 3b abeut G\ and @fhas aaalwntanging fromiaboli2 so/aboutat. e MoTeGRr, it

3A- 31 |IIustrate t he use of physr cal maski ng .technj ques t ener te .an
~array of reabasiheen determised fiag the epmpaonnd snz%usnew famﬂyof(?M?l

Illustrate t ;ﬁﬂ@lﬁ Eﬁﬁito generate an array of
reactants onggnés}ri%ﬂé egu@e?%r‘ dﬂ@gél%ﬁépfrﬂ he el enments of a typical
gui ded dropl et di spenseX firtisdr undgrstandingeof the ndtire and adventages of alre inventions

| uti f th
sorut! OInS( s) %etetin ?nagrbisrg]]tuednl\)/f ?ethr%Rce to the remaining portions of the specification and the

attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates masking of a substrate at a first location; the substrate is
20 shown in cross-section; '
FIGS. 2A-21 illustrate the use of binary masking techniques to generate an

array of reactants on a single substrate;
" FIGS. 3A-31 illustrate the use of physical masking techniques to generate

an array of reactants on a single substrate;
25 FIGS. 4A-4M illustrate the use of physical masking techniques to generate
an array of reactants on a single substrate; |
FIG. § displays the elements of a typical guided droplet dispenser that may
be used to deliver the reactant solution(s) of the present invention,
FIG. 6 illustrates an example of a reaction system employing an eight RF

30 magnetron sputtering gun and a carrousel;
FIG. 7 illustrates an example of a reaction system employing an eight RF

magnetron sputtering gun and a cassette;



FIG 6 illustrates an exanple of a reaction system enploying an eight RF 30
magnetron sputtering gun and a carrousel; FIG 7 illustrates an exanpl e* of
a reacti owovgalig® enpl oyi ng an ei ght RF rmagnetron sputteri ngcEuspsadtisa
cassette; 8 FIG 8 illustrates an exanple of a reaction systema pul sed
| aser and a cassette; FIG 9 illustrates gn exanple of a reaction system
enpl oying a puI sed | aser and a sliding and shutter masking system 5

FIGS. 10A-10D il | ust FKBe8 MmamssanrmhtplmbfahewBDnlsysm@puMmeaout

the methods of the present invention. FIG 1CA illustrates an exanple of an -
X/'Y shutt &@S¥€k: FIG 108 illustrates 5 masking patterns which can be used
to create 5 separatepml Mffstratel 4 SkafiphSbf @réaction systen’ repis ae@.ﬂ
conponents; FIG 10C ill ustrat es an exanpl e of how the Xé/@ gﬁlFt mask can

be used tdasﬁr@adet sliding andhshndter maskingrsystesrit of one conponent across the
substgate; and FI G when. transhat ed .acr.oss. t substrat e,
5 di fferent comonen@%@é@%%@n ﬁ?"llﬁﬁ‘éﬁﬂﬁr‘f M@MEG 11
i 11 ustrat esutqhe meﬂimlsmie PrekérittinGeintion. q:m JOA ilHistriRs afexBmble 6f AAKXYYMBSKS

and an X/'Y shutter. FIG 12 illustrates an exanpl e of

t enper at urshutbemmask; Flﬁ A0B llustrgtes frmasking pattesns. whichccanibegysed tescreage 5

whi o can PRaECNEnT e D ShERDE 16 S HAHEEC Babbin bonfpdtenRl 1B 1S 7T .
FIG 14 i Sliasttids & exdiiplé of hbt the SO SHiRRF R can Bedfled fo bitateld thikness |

predefined regions on the MyO substrate; FIG 15 is a photograph of an

arraj0of 1Eradient ofi ene: compaAREtt-arTOssthe isubstrate; andh FIG. 10D a maskwhich scheat e

2 Tunct i orf SR WM shOGale Y SieReE Bnpbics} Wt peid W alTBi or 8 O

masks usedubstragenerate the library of materials; nunbers in lower |eft hand

and upper righthand coners_indicate position of
FIG. 11 illustrates an examply of a flat sheet containing thereon both

binary masks and an X/Y shutter.
15 ' FIG. 12 illustrates an example of temperature control in a library through

resistive heating;
FIG. 13 illustrates an example of a Scanning RF Susceptibility Detection
System which can be used to detect the superconductivity of an array of materials;
FIG. 14 is a map of the reactant components delivered to the 16

20 predefined regions on the MgO substrate;

FIG. 1S is a photograph of an array of 16 different compounds on the 1.25
cm x 1.25 cm MgO substrate; _ '

FIGS. 16A-16B illustrate the resistance of the two conducting materials as
a function of temperature;

25 FIG. 17 illustrate the binary masks used to generate the library of
materials; numbers in lower left hand and upper righthand comers indicate position of
each member in the library; MO corresponds to no secondary mask;

FIG. 18 is a photograph of the 128 member binary library prior to
- sintering; the color of each site is the natural color of reflected light from a white light
30 source; - ' '
- FIGS. 19A-19B illustrate resistivity vs. temperature plots:
(A) * BiCuSrCa0O; and (B) ® BiCuSrCaCuCaO and © BiCuCuSrCaCaO;
FIG. 20 illustrates the masks used to generate the YBCO-BSCCO library.



each menber in the library; MO corresponds to no secondary mask; FIG 18 is
a photograph of the 128 nenber binary library prior to sinterin t he _col or
of each si tWOYMNHE natural color of reflected light froma wh S?S{‘am 30
source; FIGS. 19A-19B illustrate resistivity vs. tenperature plots: (A)
Bi CuSrCaQ and (B)[err] Bi CuSrCaCuCaO and ferr] Bi CuCuSrCaCaO FIG 20

21 21C 1 | Tustratee 1 oRe P SIGAIOHE EEE K rertilisosc(al (5

¥BaCaO and #iCuStein;] B) ¥Ba EBaCL0! hﬁwecym b0, masks used to generate the

libraries of cobalt oxide (CoQO thin- fllmmaferlals FI G

23 illustrates a map oFI dmsmm@qmwdmcmmep&mes[qfr@dtm
Ln = La and . M.—=_ Ba Ca and Pb) of thin filmsanples in libraries
L2 and L3. é?ﬁﬁﬂ@‘"gﬁ@‘%‘i% by index (row nunber, colum nunber) in the
text ansl figure | egendrIG 23 flivstrhted d T4y of Borfipésitidiand sivichiofifetries

second y. Black, solid circles indicate the sanples that show significant

MR ef fects (>9dere Lo = Laand Y, and M =BaSr, CaandRb)ofthin film samples imlibrariess

regnet 1 ¢ 11 dehar3S Sied f Bheieq by 4K (i ofler Pl e e gex: ana
L3(13, 2) utfijire @peadd THRTHimnHuiber iFeachibon ifdicsted R Bndathe 3edondof. i Biackf solid

tenmperature (20A), and MR ratios of the sagple_for different magnetic
fields as a cinglestingicatsrthe samples that show significant MR eff?"tf5(>5%0s| nes are guides

to theygeye; FIGS. 26A, C .
patter}l(g3 (i ndexed for ‘cuni’c pealﬁggﬁlte'&ﬁl{a i’ﬁﬁr sfor r&‘gen%&@esdop%
bul k sanpl eq19AypandL3i (19BY as hlfeneﬁdna)fgdagﬁeuama;n patterns i ndi cate that
the structure of this new class of cqbalt oxides is cubic perovskite with

some slight distortiorfIGh@SApand 25B illustrate the resistanceof sample £,:3613 2)under 0T
magneti zat i S e 1 oda ti
t enper at ur e%‘}ﬁfgt%@ Illhln{eagg (gl %wi@e') #ng?‘ﬁ‘c@n of e | nsepm% ﬁﬁé@zr«mos
i Il ustrat es ofhie ddnpleifop différeritmaghetd ifitldstasd ﬁineﬁembf tempezitate!(26B)asTHe solid
function of magnetic field.
15 lines are guides to the eye;
_ FIGS. 26A, 26B and 26C illustrate the X-ray diffraction patterns (indexed
for cubic perovskite structure) for Ba, Sr and Ca doped bulk samples, respectively; the
X-ray diffraction patterns indicate that the structure of this new class of cobalt oxides is
cubic perovskite with some slight distortion; and .
20 FIG. 27 illustrates the magnetization of the bulk sample La, 4Sr, ,,CoO,
under 1T field as a function of temperature. The solid line is a guide to the eye. The
inset in FIG. 22 illustrates the MR ratios of the sample at different temperatures as a

function of magnetic field.




10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON AND PREFERRED EMBODI MENTS CONTENTS
5 A ossary I1. General Overview 1. | sol ati on of ‘
Reacti on I@@’éﬂ!ﬁ"&n The Substrate |V. Met hods For Del i ver yPCEUSH3I8Nt
Conponents A. Delivery Using Thin-Film Dep05| tion Techni ques 10

B. Delivery Using A D|spenser V. Mul ti - T} get, Thin-Film Deposition

Systens VI. Movi ng Th ate VIl. -
Synt heti c Routes For M%@ Wéﬁ%t hods For
Screening An Array O I\/at eri AND B IMENTSat i ve Enbodi nent's
- X Exanpl es A. Synthesis of An Array of 16 Copper Oxide Thin-Film
Materials B. Synthesis of An Array of CONTENESr Oxide Thin-Film Materials

C. Synthesis of n Ar of 128 Copper xide Thin-Film Materials 20 -
Cont aimi ng Bi Sr ﬁ{v?samaCuO Super conducting Materials D. Synthesis of

Arrays of Cobal tnOﬂdgeM éﬂv[gv,waterlals E. Synthesis of An Array of 16
D fferent Organlc Polynmers F. Synthesis of An Array of Different Zeolites

25 II. sel,anmoﬁmonmcmonwn dheSubsigate Oxi de Conpounds Usi ng

Soevi . Copos o T s OLH il gl 1 10 01

I ol 7o a2y T T i Dt | ot it on
10 B. Delivery Using A Dispenser . :

Multi-Target, Thin-Film Deposition Systems _

Moving The Dispenser With Respect To The Substrate | q

Synthetic Routes For Reacting The Array Of Components

Methods For Screening An Array Of Materials

. Alternative Embodiments

Examples

A. Synthesis of An Array of 16 Copper Oxide Thin-Film Materials

Synthesis of An Array of 128 Copper Oxide Thin-Film Materials

Synthesis of An Array of 128 Copper Oxide Thin-Film Materials
20 Containing BiSrCaCuO and YBaCuO Superconducting Materials

15

*Rg§s s

0w

Synthesis of Arrays of Cobalt Oxide Thin-film Materials
Synthésis of An Array of 16 Different Organic Polymers
Synthesis of An Array of Different Zeolites

Synthesis of An Array of Copper Oxide Compounds Using Spraying
Deposition Techniques

@ W muy

=

Synthesis of An Array of 16 Different Zinc Silicate Phosphors
Synthesis of An Array of Copper Oxide Thin-Film Materials Using
30 Sputtering Techniques In Combination With Photolithography Masking
Techniques

boed
.

XI. Conclusion



11 1. Gossary The following terns are intended to have the foll ow ng
general neanings as they are used herein. 5 1. Substrate: A material
havi ng a riylo®emsmen -rigid surface. In many enbodi nents, at PCHESIS/I30TS
surface of the substrate will be substantially flat, although in sone
enbodi nents it may be desirable to physicallly separate synthesis regions
for different materials with, for exanple, dinples, wells, raised regions,
et ched trenchesGlessarye |ike. |n some enbodi ments, the substrate itself
contai ns 10 wel I's, raised regians, et ched trenches, etc. which,
formall or part of thdheJoH mzéewrsngtenmwrmvs&e@l&msssﬁ%hmms

smal | beads & Iakg We provi ded on the surface within dinples or on
ot her regions o e surface or, alternatlvely, the smal | beads or pellets

may thensel ves be. the substrate. : Pr edef i ned Regi on A
pr edefi ped gion_is a lo aIrze,d re substrate or is
i nt endeg ﬁe usSubsigte: ﬁq}pn%agg @@Féﬁmhﬁ‘ﬂﬂ?"gk‘cﬁn&“rw her wi se
referred to her ei a \: gi on,
&“W%*r‘&@rh%f Ralt i Mrfale of ¥ Rbst A8 vl e Sbdchiiay fad

a "sel ected” region regl on. ave
any conveni ent shalthough mysombremlmdxmmts nuhay berdemtabﬂtgtd physlaallylspparaml synéesis

wedge- shaped, etc. Addi the pre ned re he, reacti on
s:cte tcan t)e <|51 bte&“!ﬂs fIB%ﬁ!}&‘e'{Hﬂ' t B €3470P! g 8‘ %g‘?ﬂ‘(@?]
of interes n &%ﬂ% a

a tag, such as an eﬁe‘ﬁ | dary Bar c?@e t at canﬁ%n&h{she?at% |n3f|sélgt ent

gi st or %tOSf t Lhe bewdllls;rraxsed regions, e&:hedttmnchhsngtd. )wl:u:h fdmtalrtrdpmparttodf Ihersynthesxs
eposite ereon. | n so odi men redef.i ned regi on
and, therefore, a‘{%ﬂﬂa“meweéémpﬂb d'mila‘Peé‘#EQFPF ets AR zed
is smaller than md %nctﬂé‘%ﬁffhee Qitﬁfrﬁdlﬂiﬂléﬁ moﬁgﬁ?eg}&)s%’ﬂﬁérshrfawbﬁ

preferably |ess merr], even nore preferably léess than 1 cmerr],
still nore pref erdl:lrl}ativelys thmsmallbmt!semrpe;llemnia}emmee berthé substdate. | ess
than 0.5 mmf{err]. In nost preferred enbodi nents, the regions have an area

| ess than about 30 10,000 [err], preferably less than 1,000 [err]
. nore pygferaply |&eﬁﬂw&[%b}e&ﬂﬁe&@bﬂﬂ%@l&ﬁﬁﬁrﬁﬂﬁn|a@ﬁbsﬁﬂé'ﬁﬁ€h

err
[ ! is, was, or is intended to be used for formation of a selected material and is
otherwise referred to herein in the alternative as "known" region, "reaction”

region, a "selected” region, or simply a "region.” The predefined region
may have any convenient shape, e.g., linear, circular, rectangular, elliptical,

20 -~ wedge-shaped, erc.. Additionally, the predefined region, i.e., the reaction site,
can be a bead or pellet which is coated with a reactant component(s) of interest.
In this embodiment, the bead or pellet can be identified with a tag, such as an
etched binary bar code that can be used to indicate the history of the bead or
pellet, i.e., to identify which components were deposited thereon. In some

25 embodiments, a predefined region and, therefore, the area upon which each
distinct material is synthesized is smaller than about 25 cm?, preferably less than
10 cm?, more preferably less than 5 cm?, even more preferably less than 1 cm?,
still more preferably less than 1 mm?, and even more preferably less than 0.5
mm?. In most preferred embodiments, the regions have an area less than about

30 10,000 um?, preferably less than 1,000 pm?, more preferably less than 100 um?,
and even more preferably less than 10 pm?.



12 3. Radi ati on: Energy which may be selectively applied including
energy having a wavel ength between [err] and [err] neters including, for"
exanpl €, aveosmmrsbeam radi ati on, gamma radi ation, x-ray radGIUs»s/13278
ultraviolet radiation, visible light, infrared radi ation, mcrowave

radi ati on and radi o waves. "lrradiation" rl@ers to 5 t he
application of radiation to a surface. 4. Conmponent: " Conponent" is used
herein to r3fer Radiationy Bfergyovhiokiimaycheaselectivelycapplied including energythaxing aipon

one anot her to produce .a parti guhar rial and.is qtherw se referred to
herein’'in the a|‘t'%‘{‘x°£'§ﬂb88‘§'§°“ﬁ§ac - 'B?mﬁ'lggﬁ‘%-?%mﬁe’ eléctron beam

conponent . " Thatraifatibh, Sddma ridiaonIDeRE Eadistion, Bltiaviolét radidtivn, ViRiblé HPRES are
the nol ecul es that act upon one another to produce a -new nolecule s), i.e.,
product (s); for iBfrared radiation; microwave rasiiation and madio-wavas; | "Ixpadiation] aefefs tohe

HC and the Na [ A 0 tants. 15 5. Material : The
tern1nﬂaterialShkgaﬁggggﬂégggﬁﬁgg&fg¥éP _éolid-state-cohpounds, ext ended
solids, extended solutions, clusters of nolecules or atons, crystals, etc.
6. Coval ent Network Solids: Solids that consist of atons hel d together

in a | ar ge 4aet wSMmPOnest "Fomppnensy is used hesein 4o refer o eachotthe in

the
sol i ds include, . (P ' - Skl LCon.
nitride, graphi t@%ﬁ%ﬁﬁ%’s&%ﬁm%@le aon'{(f @Pg%it%%ﬁ%%r ---\Aﬂla%:#h%%?llr%fndoe
synthesi zed in ds sthepwise defeprelitorherein in thd alternativel asd'reactimit? ds "rdactant can be
nodel ed as cations and anions held together by el eg{ri cal .attraction of
oppost@ e char ge.componentonkhat s to;say, the cpraponsats of, alterpatively, reactants are the
restricted to, [ BJ:ul

- ' - ' | . Ml ecul ar @
ot s So1 1 g6 HEbp YR a0\ hof N lnbuicf 18 procl Bl el 17! o1

i nternol ecul ar fproduei(s); Mot exarhple, fivthedeactionl HCE + NaOH~eNaCl.+ Hy0; the HOl
ext ended 30 solids, solid neon, organic conpounds, synthetic or
organic netal s @ddhe NaOH are thgrcomponents of dgactalsnoqui nonedi met hane
(TTF-TCNQ ), liquid crystals (e.g., cyclic siloxanes) and protein crystals.
13 9. I norganic Materials: Mterials which do not contain carbon as a
princldal 5. = Material: The term "material” is used herein to refer to solid-state compounds,

extended solids, extended solutions, clusters of molecules or atoms, crystals, ezc.

6. Covalent Network Solids: Solids that consist of atoms held together in a large
- network of chains by covalent bonds. Such covalent network solids include, but
20 are not limited to, diamond, silicon nitride, graphite, bunkmisterfullerene and
~ organic polymers which cannot.be synthesized in a stepwise_ fashion.

7. Ionic Solids: Solids which can be modeled as cations and anions held together by
electrical attraction of opposite charge. - Such ionic solids include, but are not
25 restricted to, CaF,, CdCl, ZnCl;, NaCl, AgF, AgCl, AgBr and spinels (e.g.,
ZnA1,0,, MgALO,, FICL,0,, efc.). -

8. Molecular Solids: Solids. consisting of atoms or molecules held together by
. intermolecular forces. . Molecular solids include, but are not limited to, extended
30 solids, 'soiid neon, organic compounds, synthetic or organic. metals (e.g.,
tetrathiafulvalene-tetracyanoquinonedimethane (TTF-TCNQ)), liquid crystals
(e.g., cyclic siloxanes) and protein crystals. |



el ement. The oxi des and sul phides of carbon and the netallic carbides are

consi dered inorganic materials. Exanples of inorganic conpounds which can

be synt hesi WH9&KBT8y t he net hods of the present invention i ncPGHUSIWIRE, e

not 5 restricted to, the followng: (a) Internmetallics (or

.nternedi ate Constituents): Internetallic cgﬁmounds constitute a unique

class of nmetallic_materials that formlonlg-r%gge ordered crystal structures
2

below a critPcal lnQrpanicMaterials;, Mategals diof-captam ayf PORSIARLt al s
conbine in certai Eleﬂ{eﬂ OFpia @fd abhholi 2 ; :

different structure rgmthg’tamc??%g??& r c?ﬁ’?he t%&@e@g%%%cgurblﬁsﬁe
[err] CuZn, etc.) corsiderédimirgaiii¢ materials. s Examples of linorganjc mompobinds whichaahibes
and which is conposed of .a m xture of twp or nore, chem cal ., el epents of
Which at | east - onditesipedaising e apethori el e Darieny venion fchie By 478 mon

ferromagneti sm sugdypfiSeditd. | ' . but 15 al so iron-nickel
al | oys,svxlni ch may cont ai F}d’stﬁn%??n%‘ﬁgﬁ'nts of any of a nunber of other

el enents (e.g., c(@dntermetallivs (onintermedidte Gonstitugnts): nIntermetailicicompounds. ) ,
and iron-cobalt alloys. (d).Cergmcs: Typicallvy ceram,c i s a netal

oxi d:a, bori de, camséé',te %i qqfe‘?qasﬁr&d“#&ﬁd?@%ﬂsghg tlgpgl-%n;_e Qé i cs
are inorganic, nOWkﬂrﬁé‘tureBW | Critidal ﬁﬁipetatm'e. _Such%hﬁﬁ,alsiﬁﬁh%éﬁg bot h

anor phous and crysfalline materials. Ceram Cs are illustrative of materials

that can be for neatomsdfdwocmetals combine jmeertain propastionsctot formsirysials iwithpa es ent
I nvent i,gn. Such rials include, .for.exanpl | umi zi regniu silicon
car bi d&a al um nu eﬁ'&&&,"c@ﬁ F@%mﬁff’f F@e,r qfﬁge ?r’?@ﬁé&ﬂc’gﬁ P,e’l’t he
[err] superconductgysa eicf)? [err] 25 superconductors, the [err]

super conductors, the heBaCu super conduct or s, fer rite [err] Zeolite A [err]
soft and per manenfb) MetabAdloysi g sulistance having auetallia propesties and whichris composed

pi ezoel ectric mategial.s. (e | ead zirgconat | t apat PZT erra.and.
[err] electro-opt an&f[e"-r gfgw?grénorm F‘m‘ﬁﬁﬁ? Lot‘ge‘(’éﬂc_ﬁlmt,o i§,4 metal.
magnet or esi stant iMigntie AIfYs) - Afblloy xiibiting ferromagnetiir§iich as silicon iron, but
-magnetoresi stant” material, as used herein, refers to a material having a

changelPn resi st alse isanaicksk pHeys) which maygostain small jagnauints: of anygefom nemberhofn
5 percent relative,to the i stance it had when no fiel s applied. That
s ro say, the ardrleibmgalsiE s SiEr, ApnirlydteRtine HolyolByE! st
greater than 5 pegg9nand iron-cobalt alloys. |

. (d) Ceramics: Typically, a ceramic is a metal oxide, boride, carbide, nitride, or

—

a mixture of such materials. Ceramics are inorganic, nonmetallic, nonmolecular

20 solids, including both amorphous and crystalline materials. Ceramics are
illustrative of materials that can be formed and screened for a particular property
using the preseht invention. Such materials include, for example, alumina,
zirconium, silicon carbide, aluminum nitride, silicon nitride, the YBa,Cu;0,4
superconductor, the _La,.,Sr,CuO. superconductors, the Bi,CaSr,Cu,0, .,

25 superconductors, the Ba, K, BiO, superconductors, the ReBaCu superconductors,
ferrite (BaFe;0y), Zeolite A (Na,;[(Si02)1,(A10,)]+27H,0), soft and permanent
magnets, high dielectric constant materials (BaTiO;), piezoelectric materials (e.g.,
lead zirconate titanate (PZT), NaNbO,, and NaTaO,), electro-optic materials

- (e.g., lithium niobate (LiNbO;)), giant magnetoresistant materials (GMR), erc. A

30 "giant magnetoresistant” material, as used herein, refers to a material having a
change in resistance when exposed to a magnetic field that is greater than 5
percent relative to the resistance it had when no field was applied. That is to say,
the absolute value of the percentage change in resistance is greater than 5 percent,



14 i.e., > 5% The change in resistance is determned by: [err] 10.
Organic Materials: Conmpounds, which generally consist of carbon and 5 *
hydr ogen, wotse11878wi t hout oxygen, nitrogen or other el enent SECRAUSIS(18278hose
i n which carbon does not play a critical role (e.g., carbonate salts).
Exanpl es of organic materials which can bd4synt hesi zed using the nethods of
the present invention include, but are not restricted to, the foll ow ng:

(a) Non-bi ol ogi cal , | c polyners: ‘Nonnetallic materials consisting of
10 | ar g‘ee.ma Ikdﬁeérhemkposem resistance is determined byni t s.  Such
materials can be eit Thatural or synt hetic, cross-1linked or

non-cr ossl i nked, and they nay be honnpolyners copolyners or

hi gher - or der ed polA : .

a- anm no aci At RUET o6 chas TR e
"non- bi ol ogi cal, organlc 15 polyners exclu-e those polyners mhlch

are synthesized by a linear, stepw se coupling of bU|Id|ng bIocks Exanpl es

o B VT 3010 i MR C bk phith B et P BT e

pol yegers, pol m&g&apm orpﬂitl!@ithmygérﬁ rifirogen om!hmelemmssex yst yrenes,
pol yam des, polyanilines, yacetyl enes, pol ypyrro et c

11. e, ganomsmm.\ehl%mbpmdses Aotcplax@ iticabrele (ags nate sa,l

\tAQte;giatnh;C/?rl[ogpr] sodl um p‘#@gllﬁ?qfﬂéé?gg ncwbg%ﬁh?err] et m?m?g&%g

Conposi te Mat er iofithe prsssntcinvditiontincladebut\are not resirivked o, itfiefollogving: f or m or
conposition on a macroscal e.. The constituents of conposife mater.i aI s retai

their identitieda) Nop-biolpgicsl, 9tsanis polymesy: vBlogmetallic; matesialy eansisting of o one

or ghi ¢, - or gange fectoinolebule? Spbecd SR ARSI W °Pic SallBT |

t his definitioncané®e either m@loesynthﬁad cresselinked sor nimsqresshnkledxmﬂl

catal ysts and otdr;er he ro ene us g’o fymers, or hlgher-ordered polymers

' _(e.g., terpolymers, etc.). By "non-biological," a-amino acids and
nucleotides are excluded. More particularly, "non-biological, organic
15 polymers" exclude those polymers which are synthesized by a linear,
stepwise coupling of building blocks. Examples of polymers which can be
prepared using thé methods of the present inverition include, but are not
* limited to, the following: polyurethanes, polyesters polycarbonates, _
polyethyleneimines, polyacetates, polystyrenes, polyamldes, polyanilines,
20 ~ polyacetylenes, polypyrroles, etc. '

11. mmm_c_uagmals A class of compounds of the type R-M, wherein
carbon atoms are linked directly with metal atoms (e. 8 lead tetraethyl

'(Pb(c,H,)‘), sodium phenyl (C,H,-Na), zinc dimethyl (Zn(CH,),), ezc.).

12.  Composite Materials: Any combination of two materials differing in form or
composition on a macroscale. The constituents of composite materials retain their
identities, i.e., they do not dissolve or merge completely into one another |
although they act in concert. ‘Such composite matérials may be inorganic, organic

30 or a combination thereof. Included within this definition are, for example, doped

materials, dispersed metal catalysts and other heterogeneous solids.
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for the preparation and use of a substrate having an array of rjials in
pr edef i ned 791878 ner eon. The invention is descri‘bed her ei npﬁ#“ﬁﬁ#’ﬁzis
with regard to the preparation of inorganic g material s, but can
readily be applied in the preparation of otAdr materials. Materials which

can be prepanrgd inaccor ce with the nethods of the present invention
i ncl ude, for an#%’,wmﬂg{'gm%tmr k solids, ionic solids and nol ecul ar

solids. Mire particul ary, ' LCh ' § .
Wth the et hods of -t nctprEBF iivEhfod Boviadseibal B afarhd 56t e PaRSiion
i norgan: ¢ naand use of aisabstrae | havihg an koray claf[mateﬁmlin,pmﬁnl bdaégg.onslsthemh. larT'l‘lﬁie
mat er1 al s, organi C pagerials or gar,lomat a Ic nmateri al s, non- ol Ql,0gl cal
organi ¢ pol ymegy%mw herein pramarily.with regard tg the preparaien jof dnorganigani c

conposi kes, e el | ?&xfi] Qﬂ;giied ' 't&@ﬁ] i
apparent%eto those dftﬁgw mpﬁ?e rt %ggﬁg@l ew&g#t%m% SC %wsmt.gﬂﬁ]ﬁe
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for materi al ’ ' H f h . terials
. I's preferabl Wﬂl‘ahsshfa%a‘? m&i&ﬂ'&fi&@%&% dancé ﬁiéin?ﬁmh?ﬁfﬁ[eray
of materials®on a sfhgle substrate, screening the array tor naterials
havi ng usef upresentriaveéntion includeyrbut @ans nbtylimited iteydinorganichAnaterials; irteraketallic can
be screened for jnclude, for exanple, electrical, thetrmal 20 ] L.
mec{]fani I al I ’dﬁ?@a?ﬂ,oyﬁpf‘?@gﬁ)‘f 'b‘gﬂ?&vio&ga%x?ﬁ : sl,’ Oézaé!ogmlhc materials,
particularly : Qﬁ'ﬁﬂm YR Y= CiH&g ; n@&?ﬂ&]e’
conductivity?ogggg%&éclon ucét: vllty,s’resn?ési{s?gity, t%gér?rél C ?i%llu?tbl rty,
ani sot r opy, Orpadicecompasites; toxl dombinations thereaf), or athepmatenials, which will be apparent
magnet or esi s%ﬂa&%e E%ﬂea%i ty, fre uenciy Ssgélbl I ng, phot oem ssion,
coercivity, C e Jp e, gftiypop WeQf S AISFlome her t i es which will be
apparent to those 25 | ' | | ;
The(}&suﬁﬂﬁifn%t}ysﬂaﬂehﬁvﬂfg B4y bfiial will have a

di sclosure. Inportantly, the s esl zing dand screening of a diverse array
of mat dbi al svaniesy lof asesewFonexample, once prepared.cthesubstrate: campbe sereenedsfor andierials

subsequent | yBHup BTt Bropsttiel, ActoBBRRY. My ob maliali s are/ERbtY, Smhesized
skill in theofhtsidglesutfa. usyg.thgﬁ%iggi:ﬁé Arrl \Of nkAR&als Gﬁ'itdiﬁ%'lé‘iubbifai&i the

met hods of the present invent variety of different nethods can

be used to pscserning thecarraysforunaterials having useful propegtiesds mare ieasilyacasied wout.
cosent L1 Y llheRMR 64 4 el B b o SRR, Mkl B, 1
predef 20ed r mgtlkhicad 'marphelspicad! 6ptical) magndtit | eivaticdl] ¥rc EMIoké Particularly,
properties which can be screened for include, for example, conductivity, super-
conductivity, resistivity, thermal conductivity, anisotropy, hardness, crystallinity, optical
transparency, magneforesistance, permeability, frequency doubling, photoemission,
coercivity, dielectric strength, or other useful properties which will be apparent to those
25 of skill in the art upon review of this disclosure. Importantly, the synthesizing and
screening of a diverse array of materials enables new compositions with new physical
properties to be identified. Any material found to possess a useful property can be
~ subsequently prepared on a large-scale. It will be apparent to those of skill in the art that
once useful materials have been identified using the methods of the present invention, a
30 variety of different methods can be used to prepare such useful materials on a large or
bulk scale with essentially the same structure and properties.
Generally, the array of materials is prepared by successively delivering
components of materials to predefined regions on a substrate, and simultaneously reacting
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20 sol-gel process, by thermal, mfmred or microwave heating, by calcination, sintering or -
annealing, by hydrothermal methods, by flux methods, by crystallization through
vaporization of solvent, efc. Other useful synthesis techniques that can be used to
simultaneously react the components of interest will be readily apparent to those of skill
in the art. . _' - '

25 Since the reactions are conducted in parallel, the number of reaction steps
can be minimized. Moreover, the reaction conditions at different reaction regions can be

- controlled independently. As such, reactant amounts, reactant solvents, reaction
temperatureé, reaction times, the rates at which the reactions are quenched, deposition
order of reactants, eté. can be véried from reaction region to reaction region on the

30 substrate. Thus, for example, the first component of the first material and the first
component of the second material can be the same or different. If the first component of
‘the first material is the same as the first component of the second materials, this
component can be offered to the first and second regions on the substrate in either the



the first material is the sane as the first conponent of the second
materials, this conponent can be offered to the first and second regi ons bn
the substraOPe11878 her t he 17 same or different anobunts. POTAISY1328e
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i dentical concentrations to reaction regions sﬂeu(":ond
substrat es aswbstratecatddentisal concontzationsgtheh ¢he reaptiore porditions (ecg. | reattion

substraghe to first set of r.eaction canditions and the conpgnents on the
secondq?ubst?glpgqtﬂreﬁ’ TRacHon, tmes, fff"'r}r HW@W&%EM"SH%#%%&@ gan bg of
conposi ti onsyariéd REm! fehéti , tol feSetfn| fegion. Of the various reaction
paranmeters can be studied and, in turn, optim zed. Reaction paraneters

whi ch can be varied i nMargeverf in onxembodimentef therprent inveation,nd methodaigt ant
solvents, re i eratures,, reaction tines, .the essures at which_ the
reactions ar@%&w&g%@g ?L&aﬁtt%s‘ﬁ#gfe@é afrys, pf lﬂ?“q"ﬁ'@ 6%%61“7% spbgtantially

conduct ed, tthe sameGreactintonionkAts af Stssidn@aly Menticacidnb&tirations t&f&%%ﬂ ions
which the reactants are deposited, etc. Qther reaction paraneters [ can

be variléd wi9n beth figshand second substeatesands thereaften, subjecting.the Somponents on the first

The react ant te 1Ot [ i V] act.l on reqgi ons st often be
The £ eact ant SRRt ol ekl ot SR ot HeR o B po S e
be ensured bw d ssohd SettofSrehéticn CoditiviRinla Wide IR O WnYRARINL.S USRE Hin
regions on the substrate so that the various conponents cannot interdiffuse
bet ween r eadnfthpdy theieffects ofithe yaripus reartion parameters can be studied and, in tumn,
optimized. Reaction parameters which can be varied include, for example, reactant
20 amounts, reactant solvents, reaction temperatures, reaction times, the pressures at which

the reactions are carried out, the atmospheres in which the reactions are conducted, the

rates at which the reactions are quenched, the order in which the reactants are deposited,
etc. Other reaction parameters which can be varied will be apparent to those of skill in
the art.

25 The reactant components in the individual reaction regions must often be
prevented from moving to adjacent reaction regions. Most simply, this can be ensured
by leaving a sufficient amount of space between the reaction regions on the substrate so
that the various components cannot interdiffuse between reaction regions. Moreover, this
can be ensured by providing an appropriate barrier between the various reaction regions

30 on the substrate. In one approach, a mechanical device or physical structure defines the
various reaction regions on the substrate. A wall or other physical barrier, for example,
can be used to prevent the reactant components in the individual reaction regions from
moving to adjacent reaction regions. This wall or physical barrier can be removed after



can be ensured by providing an appropriate barrier between the various
reaction regions 30 on the substrate. |In one approach, a nechani cal

devi ce orwgergm Structure defines the various reaction rpgrwssssg he
substrate. A wall or other physical barrier, for exanple, can be used to
prevent the reactant conponents in the inggvidual reaction regions from
nmovi ng to adjacent reaction regions. This wall or physical barrier can be
renoved af thersynthesisds samiedcnit.s One ofoskill dnl theuart willappfeciate that, at tihes, &t mayi | |
appreciate that, at times, it be,  beneficial, t.o renove the wall or
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approach, ga gphobic material, for exanple, can be used to 5 coat the
regi on surroundi ng the individual reaction regions. Such materials prevent
aqueous- (and cert ai nImahathemappxogchs al hydrephobic matenial;i for example; carebe used to

reaction regions on the suhstrate. , O, course, when nof-aqueous, or nonpol ar
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hydr ophobi c* coat I ngs, reactant solvents, etc.), one can control the

cont act anthecsubstratée Off couirse, wlienmaneaqueces onnonpelar solvents: are employed, differgnt
contact angles are.desi becauge t,he area surrounding the reaction region
remai ns un%@d’oﬂ?pﬁshgﬂﬁg? E&‘i“HR_awi RW%@’Y@MH“S#PP%EP& .mPMe&‘g”
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anount of each reactant nent I s delivered into each reaction region.
Thi s 16ay beontact anglecafcthe dropietawith irespect tocthe substrate siufaceorharge contactangles
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maski ng or sghitidrPwithi?Othe 3edtition iregion ques can be used to deliver- the various
react ant conponents to selected regions on the substrate. Nbre

particul arly, sputteln the dejivernsystems of thepressohinventien, a small, precisely anetered
techni ques, el ectron bea r_.20 thermal ey t1 00 JON.| tati or
dopi ngqt ecﬂ?‘l{ﬁ@g eagnrhéﬁcgg? %‘588?"'&5&@%1}%‘% }%éh%%gldggp gﬁ%e’?‘&y B

t echn§quesadeonlishied diing avatiegtofadelivéry Rtingqudse dithérralond or incombyination withy

grown materials can be_ applied to deposit hitg"ll}(l uni form | ayers of, the
vari ous reuvadety of seskingteghniguese| Eor example, thinsfilip depesition,technigues in

Al ternativ IR o\, i : - At Bt ] . TE .
and/ or sub‘gﬂr{% e,ona%ﬁﬂggﬁwgyggﬁgﬁhﬁg%n%_ne tsraég#t}{ﬁjggglﬁ%d
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of the predefined regions on the_ substrate. ch thin-fil .
P sputtering systgms, sprayri'ng techn‘ilf;ues, laser ab ation -tecr]m?ques,' electron beam or

20 thermal evaporation, ion implantation or doping technicjues, chemical vapor deposition
(CVD), as well as other techniques used in the fabrication of integrated circuits and
" epitaxially grown materials can be applied to deposit highly uniform layers of the various
reactant components on selected regions on the substrate. Alternatively, by varying the -
relative geometries of the mask, target and/or substrate, a gradient of reactant
25 . components can be deposited within each predefined régions on the substrate or,
alternatively, over all of the predefined regions on the substrate. Such thin-film
deposition techniques are generally used in combination with masking techniques to
ensure that the reactant components are being delivered only to the reaction regions of
30 Moreover, in addition to the foregoing, the various reactant components
can be deposited on the reaction regions of interest from a dispenser in the form of
droplets or powder. Conventional micropipetting apparatuses can, for example, be
adapted to dispense droplet volumes of 5 nanoliters or smaller from a capillary. Such

*



deposition techniques are generally used in conbination with masking

techni ques to ensure that the reactant conponents are bei ng delivered only
to the reactWO9sit8fBons of interest.. 30 *° Mor eovCT/U§PS/13278
addition to the foregoing, the various reactant conmponents can be deposited
on the reaction regions of interest froma d1i9spenser in the form of
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met hods known in the art. For exanple, wth onl'y one or two reference

_points on t hslrenmmmcbuﬂhamnslauoma(x-ﬂmqygof svch Isystema is wellpwishin deam.
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optical sensositiof ofehe diibstate/by @ variey Hmethivds RAGWA R €he &€, ForBXRMPle; Withde
enployed | n "anot her enbodlnent of thé present invention the dlspenser can
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to be deposi tsach kystérfie Bin bé accurately! idehtiffatkby 0sing eaparitive) eadistive diroptical sensdys.

substrate. The di spenser IS then noved to the appropriate track while the
di sk subst r atAltersativelys a (yjsin? ﬁﬁ%mmém%hb? egplayeds positioned

In another embodiment of the present invention, the dispenser can be
20 aligned with respect to the reaction region of interest by a system analogous to that
employed in magnetic and optical storage media fields. For example, the reaction region
in which the reactant component is to be deposited is identified by its track and sector
location on the disk substrate. The dispenser is then moved to the appropriate track
while the disk substrate rotates. When the appropriate reaction region is positioned
25 below the dispenser, a droplet of reactant solution is released.
In some embodiments, the reaction regions may be further defined by
dimples in the substrate surface. This will be especially advantageous when a head or
other sensing device must contact or glide along the substrate surface. The dimples can

also act as identification marks directing the dispenser to the reaction region of interest.
30



25 bel ow t he di spenser, a droplet of reactant solution is released. In
sonme enbodi nents, the reaction regions may be further defined by dinple$ in
t he subst wexs/148m8f ace. This will be especial |l y advant ageousPCIU89SA3RIad or
ot her sensing device nust contact or glide along the substrate surface. The

di npl es can also act as identification ne2ks directing the dispenser to the .

reaction region of interest. 30 [11. .1solation of Reaction Regl ons On A
Substrate Iﬂ JsplmenreﬁWMgmnSeamrAﬁMWhe present invention
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mat ed@al s conminmsedmt dd:;a'essedlmeg;am on gtlmhsths syntheslgmﬁ idiversey siaterials thkes -

of sk 11 e The dtssale 3, fedpeecame Erahittorn i Sgpmol B8 e . tOtid

subst rat e GRRnd feabAMMOBREBE] hétRinS 2TRe aa&s%teaina Be ah?%fmer

alternatively, they can be different, i.e., e subsirates can be coat ed
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cnferr], rmbmsewf B toated Withtd diffetert Thatéridl, Mofsover) the Bt Rirfacé can
contain thereon an adsorbent (for example, cellulose) to which the components of interest .
20 are delivered. The most appropriate substrate and substrate-surface materials will depend
- ‘on the class of materials to be synthesized and the selection in any glven case will be

readily apparent to those of skill in the art.
In some embodiments, a pred_eﬁ'hed region on the substrate and, therefore,

| the area upon which each distinct material is synthesized is smaller than about 25 cn?,
25  preferably less than 10 cm?, more preferably less than 5 cm?, even more preferably 1
cm?, still more preferably less than 1 mm?, and still more preferably less than 0.5 mm>.
* In most preferred embo&iméh"ts the regions have an area less than about 10,000 um?,
* preferably less than 1,000 um?, more preferably less than 100 pm’ and even more
pl'eferablylessthan10;«.m2 o ' - '

30 In preferred embodiments, a sittgle substrate has at least 10 different
materials and, more preferably, at least 100 different materials synthesized thereon. In
even more preferred embodiments, a single substrate has more than 10°, 10¢, 10°, 105, or
more materials synthesized thereon. In some embodiments, the delivery process is



cnerr], still nore preferably less than 1 nmjerr], and still nore

preferably n 0.5 nmjerr]. In nost preferred enbodi nen

regi ons havgﬁlasﬁs l&%a | ess than about 10,000 [err], preferabl y‘é@éﬁﬁﬁ?
1,000 [err] nore preferably Iess t han 100 [ﬁ'r] and .even nore preferably
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r egi ons/ cn, preferably geéaterathay 100 moa'eglogs/omé/mc[mlt inore preferablye1(;000,800b1 vy
greater than 1.005}309 regions/cn2, and still nore preferably 10, 000, 000
regi ons/ cnf . In ot her enbodi nents, the substrate can
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beads used will depend on e nu terrals to be synthesi and can
range anywh epeﬂefsr(haleﬁmfter étb&ds\')r nThe numbérof béadbemeﬂ; will depéndsore theantimbertof

each of the bead |s unrf r nd ted with th t co nent of
i nt erest and™@ &Fﬁﬁ%{qéﬁ‘?“%@@@w zm’éﬂs'g?%y 15
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reactant conponent. The beads are equally divided i nfo groups corresponding -

to the nunb@onmonem@@fenteoestrm ﬁleregﬁuerramed h@hisris agadily donep foratxaumpie, diy
group ¢ I S n f. the vessels.whegein oatin of one
of the orrpg‘ﬁﬁﬁgs#rﬁss Aiis Fg%chr(ﬁg @ﬁhtcﬂgmgﬁraf%‘éu% é‘%ﬁ Yheads
are then poQogfohite! T bédds aré mdeacindae%gads édirespOnding 6 Sl msimBerbrY

conponent | ayer on the surface of each of the The process IS
repeat ed sewomponentsuged to gencate the amay,of matesialsdi Ea@h smuprddmdms then added

Gopeen s ol R bl i R s U B Sen o B e
surface of each bead. The beads are then pooled together into one group and heated to
20 produce a dry component layer on the surface of each of the beads. The process is
repeated several times to generate an array of different reaction components on each of
the beads. Once the components of interest have been deposited on the beads, the beads
are reacted to form an array of materials. All of the beads may ot may not be reacted
under the same reaction conditions. To determine the history of the components
25 deposited on a particular bead, mass spectroscopic techniques can be used.
‘Alternatively, each bead can have a tag which indicates the history of components
deposited thereon as well as their stoichiometries. The tag can be, for example, a binary
tag etched into the sorface of the bead so that it can be read using spectroscopic
techniques. As with the single substrate having an array of materials thereon, each of
30 the individual beads or pellets can be screened for materials havmg useful properties.
More particularly, if an array of materials is to be generated based on Bi,
Cu, Ca and Sr using a series of beads as the substrate, for example, four vessels
containing aqueous solutions of Bi(NO_,);, Cu(NO,);, Ca(NO;); and Sr(NO;); would be



are reacted to forman array of materials. Al of the beads may or may not
be reacted under the sane reaction conditions. To determ ne the history*of

t he conpowewkaisyk deposited on a particul ar bead, nass SCEUSISH32NBI C
techni ques can be used. Alternatively, each bead can have a tag which

I ndicates the history of conponents depo@Rted thereon as well as their
stoichionetries. The tag can be, for exanple, a binary tag etched into the
surface ofenipleyedcad poation of thet beadsl atecaddeddoube nessebeantainingdhe BiNODsi ques.
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o Ehove SRBRRED RehlinB g Ve larsl or VAHE cotipthy 4 vif a9 U iinents 7P
this techgieiesh.t Fop ex@hples sémy o theabeady cah beaded ovitti enlyi ta® compurienss r ay of
conponents thereon. For. exanple, sone of_ the beads can be, coated with gnly

two conpo@thers with; meresthan tWo [GgmPonents ml'&ﬂ?ﬂﬁnmg of theibeads can be coatsde of
ot her - boadt0 2 S AhE ki bl pEmpbiEE, Whicend Gfier BERs TR KARER y sl oo
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50 regions be prevented from moving to adjacent reaction regions. “Most: smply, this can be
20 ensured by leaving a sufficient amount ‘of space between the regions on the substrate so
that the various 'coiﬁponents cannot interdiffuse between reaction reglons Moreover, this
can be ensured by providing an appropriate barrier between the various reaction regions
on the substrate. A mechanical device or physical structure can be used to define the
various regions on the substrate. For example, a wall or other physical barrier can be
25  used to prevent the reactant components in the individual reaction regions from moving
to adjacent reaction regibns Alternatively; a dimple or other recess can be used to _
prevent the rezctant ‘components in the 1nd1v1dual reaction reglons from movmg to
adjacent reaction regions. ' '
" If the substrate used in the present invention is to contain dimples or other
30  recesses, the dimples must b sufficiently small to allow close packing on the substrate.
" Preferably, the dimples will be less than 1 mm in diameter, preferably less than 0.5 mm
in diameter, more preferably less than 10,000 um in diameter, even more preferably less
“than 100 um in diameter, and still more preferably less than 25 pm in' diameter.



that the various conponents cannot interdiffuse between reaction regions.
Mor eover, this can be ensured by providing an appropriate barrier between"
t he vari ous WRA¥1183% regi ons on the substrate. A nechanical d®&TES13278
physi cal structure can be used to define the various regions on the
substrate. For exanple, a wall or other phy33cal barrier can be 25 used

to prevent the reactant,..co nents.in the individual reaction regions from
novi ng to adj acent rea ng,these haracteristics can k’ﬁ"_ﬁ?‘fﬂ?@@ragﬁﬁﬁ)’“
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reaction regions fromnoving to adj ap’ent reaction r(‘algl ons. |f the substrate
used in the purfacergan; fior-example,ibe provided thyi pressing thessubstrase with &0 imprinted
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with an inprinted "master"” such as those commonly used to prepare conpact

optical di skmaybe cutdntpithe, substrate with standargd plasras on mwet etching techniguesn dif the

ok | 200 comibRitits Rfedt o SRGRARNEREEIuRAIE B R maleia B G hikigEen °
substrat e i sfluoride]ioztothert donfnom web etchitk useincthe dikld 60 semizonductdicdevice

photoresi st arg renoved to define the arrangenent of reaction regions on
t he subst r ati@bricationy; fpitable plasma etchantsicemmeniy usedin thgtsemigondueton devicel

plasma or wefy, | ' 14 fhe | I

silicon materi MM%%@ “c‘%m???f?'ersﬂ’ gﬁl g%%%ﬁ?%%r%&%%imﬁe’

;I uori de, bormntthms’ ofdnlugenb\loenta?iﬁnglgms aﬂﬁ@hrt pasebe ’lryptdal : nygi piam'hacaadmnor
evi ce fabrication,, Syitable asnma et chants conmonly used in the

S coRlict oMK dioTmles faving R JRDiR of lest AR 09 puaEh S OB VB semay
etchants i Nohd/G6tainkd" glam : res of hal ogen contai ni ng gases and

i nert gases.%#ypl ca qu/'a ap %gor#{a&e ch will 15 produce di npl es having a

depth of less than 10 Aeothermetiicdforprephting e suifablypditmplédsirface jemploys be
i mpl ed sur TORUBRENGLY ssphablsciers -poiymer aw: cFor BRatISF, & BhgiRErcIREY .
For exanpl €, erghabllOp 1A RiBvIT hé YFOTOFORM?" is available from Coming Glass Company (New
20 York). Upon exposure to radiation through a mask, the glass becomes soluble in
. aqueous solutions. Thereafter, the exposed glass is simply washed with the appropriate
solution to form the dimpled surface. With this material, well-defined dimples can be
made having aspect ratios of 10 to 1 (depth to diameter) or greater, and depths of up to
0.1 inches. Dimple diameters can be made as small as 25 um in a 250 um thick glass
25 layer. Moreover, the dimpled surface can contain thereon an adsorbent (for example,
cellulose) to which the components of interest are delivered.
Even when a dimpled surface is employed, it is often important to ensdre |
that the substrate material is not wetted beyond the reaction region parameters. Most

simply, this can be ensured by leaving a sufficient amount of space between the regions
30 on the substrate so.that the various components cannot interdiffuse between reaction
regions. In addition, other techniques can be applied to control the physical interactions
that affect wetting, thereby ensuring that the solutions in the individual reaction regions
do not wet the surrounding surface and contaminate other reaction regions. Whether or



et chabl e gl ass known as "FOTOFORM' is avail able from Corning G ass Conpany
(New 20 York). Upon exposure to radiation through a mask, the glass *
becones swougslas?8n aqueous sol utions. Thereafter, the exposPOIRSEISI278s
sinply washed with the appropriate solution to formthe di npled surface.
Wth this material, well-defined dinples24an be nade havi ng aspect ratios
of 10 to 1 (depth to di aneter) or greater, and de%yhs of up to 0.1 inches.

Di npl e di nastadiiquid droplet williwet selidi surfage is goyemeq byithree tessionse r thersurface k

deor bent FRYRH B e RRRPHE st e, IR o6 BE R RS TieREM,

del i ver ed.th&sarfack @fision dt thel sdlidsuir im@faces e suymabf thé ligaidodit and Liguid-sofidt

to ensure that the substrate material is not wetted beyond the reaction

regi on partaﬁﬁé?@rlé greaten than the §ohdmrsen§m the Hguid dzep wjll|fermianbead @uf fi ci ent |
Vart ohs_c SHBAAEERE! Wi o F1chBHE S P1r On she Gihet Bind, 402 sih oF 8 1ighitPlic uhé

addi ti on, liqutuamn@ﬁhﬁbﬂslﬁslemmehawd-ad ténsion) nhe dtopt will pbeybe earifined to a
i nteractions . that affect vvett| n? thereby ensur i ngEt hat the solutiqgns in

t he i ndi vigiven location, by eﬁ!‘?@‘?u ifithe, surdage tensianiare

cont ani nat t _ '
will wet aﬁgﬁ?jﬁgl’%&ug c‘gﬁilqrsl&g verneéa\‘\y’ﬁ‘li encs‘lﬁ'gahcgg}t‘ﬁeﬁs%%é gigénsmn
at the |i qigleetweémtherddge of théwdropmmeeonﬂ sﬁbsme)rmagt be lsefficidntly-smaljui d

interface and the surface tension at the solid-air interf ce, If the sum of

the 19 qui @nah aamwmmlweramﬁwgraesﬂa&a@xmﬁn% beypndqthg; | |
tension, ﬂ? 4l gfliefl Redhioh E8iH). 2 FAFEL, (s ﬁemFI? wmgw%ﬁﬁauon(

"| ensi ng' ) r ha e surh a| r-an
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be confined to a given location, but w ad t he, surface.
Even if tﬂe%mﬁé%ﬁ%wawmmwﬁaww gmct;aﬁmage ﬁe%pﬁuéfaaemr

t he rfa F‘fﬁﬂg giet'ﬁ edge
of t?\g drc(i)’gl a%gﬁb %ﬁg@ stra &)cﬁf“sgl-ﬁggksﬁl???u??%lfriﬂhg‘eng & suchg
t hat 1§ he cgrqtel\/\ihhhabmtéo aarprbatrsmeﬁknmugvtm (possibly extending beyond
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“taller" beads that take up less surface area on the substrate and do not

f or m pr ectheserinfthe axt, Chesnical vapor depositiomtechriquesias wellpe other techniqugs cat er
than about 9ﬁed fh the Fabricition'o fd 1:%%& Q%méocraﬂlbe applied to deposit highly uniform

20 layers on selected regions of the substrate surface. If, for example, an aqueous reactant
. solution is used, the area surface inside the reaction regions may be hydrophilic, while
the surface surrounding the reaction regions may be hydrophobic. As such, the surface
chemistry can be varied from ‘position to position on the substrate to control the surface
 free energy and, in turn, the contact angle of the drops of reactant solution. In this

25 manner, an array of reaction regions can be defined on the substrate surface.
Moreover, as previously explained, the reactant components in the
individual reaction regions can be préVented from moving to adjacent reaction regions by
" leaving a sufficient amount of space between the regions on the substrate so that the
various components cannot interdiffuse between reaction regions. '
30



Met hods for controlling chem cal conpositions and, in turn, the |ocal
surface free energy of a substrate surface incl ude a variety of techni ues
apparent toW®#H8T8 the art. Chenmical vapor deposition technPGHESIHL2

as other techniques applied..n the fabrication of :{integrated circuits can
be applied to deposit highly uni form 20 35ayers ‘on sel ected regi ons of
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delivery sy vention, a small, precisely netered
anount of ea%&8E3§£W%H§e§%§%§%é ‘is delivered to each reaction regi on
This may be acconplished using a variety of delivery techniques, either

alone or in conbination with 5 . a varr ety _of hi/_si cal masking or
phot ol |19hograph| cAi Defivery Lsing i E 3 are sui tabI e for
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SPUttering echniques, spraying techniques, laser ablation techmques, electron beam or thermal
evaporation techniques, ion implantation or doping techniques, chemical vapor deposition
techniques, as well as other techniques used in the fabrication of integrated circuits. All

20 of these techniques can be applied to deposit highly uniform layers, i.e., thin-films, of
the various reactants on selected regions on the substrate. Moreover, by adjusting the
relative geometries of the masks, the delivery source and/or the substrate, such thin-film
deposition techniques can be used to generate uniform gradients at each reaction region
on the substrate or, alternatively, over all of the reaction regions on the substrate. For

PROS
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25 an overview of the various thin-film deposition techniques which can be used in the
methods of the present invention, see, for example, Handbook of Thin-Film Deposition
Processes and Techniques, Noyes Publication (1988), which is incorporated herein by
reference for all purposes. |

Thin-films of the various reactants can be deposited on the substrate using

30 evaporative methods in combination with physical masking techniques. Generally, in
thermal evaporation or vacuum evaporation methods, the following sequential steps take
place: (1) a vapor is generated by boiling or subliming a target material; (2) the vapor is
transported from the source to a substrate; and (3) the vapor is condensed to a solid film



techni ques, spraying techni ques, |aser ablation techniques, electron beam
or thermal evaporation techniques, ion inplantation or doping techni ques$,
chemi cal wwwoogageposi tion techniques, as well as other techpicguosnszos i n
the fabrication of integrated circuits. Al 20 of these techniques can
be applied to deposit highly uniformlayeps, i.e., thin-filnms, of the
various reactants on sel ected regions on the substrate. Mreover, by
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separate Knudsen effusion source cells ( crucLilbles ?n furnaces with cooled shrouds).

20  onto substrates held at temperatures appropriate for chemical reaction, epitaxy and re- -
evaporation of excess reactants. The Knudsen effusion source cells produce atomic or
molecular beams of relatively small diameter which are directed at the heated substrate,
usually silicon or gallium arsenide. Fast shutters are interposed between the source celis
and the substrates. By controlling these shutters, one can grow superlattices with

25  precisely controlled uniformity, lattice match, composition, dopant concentrations,
thickness and interfaces down to:the level of atomic layers. '

In addition to evaporative methods, thin-films of the various reactants can
be deposited on the substrate using glow-discharge processes in combination with
. physical masking techniques. ' The most basic and well known of these processes is

30 sputteﬁng, i.e., the ejection of surface atoms from an electrode surface by momentum
transfer from bombarding ions to surface atoms. Sputtering or sputter-deposition is a
term used by those of skill in the art to cover a variety of processes, all of which can be

" used in the methods of the present invention. One such process is RF/DC Glow



rounds of deposition, through different physical nmasks, using the foregoing
evaporative ‘&39 @Ft hods can be used to generate an array of reactants on
a substrate 5’&} | el synthesis. Mol ecular Beam Epit axy (I\/BFB US95/13278
evaporative nethod that can:be used to grow, zpltamal thin-films. In this
method, the filns are formed on si ngl e- crys substrates by sIovay
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rounds of dejadiatiohOiisually'shofitwaliefil@aviblet PAYISHoN? landPidstna-Assisted CVD, based on
20 activation of the reactants in the gas or vapor phase using a plasma, are two particularly

-

useful chemical vapor deposition techniques. Successive rounds of deposition, through
different physical masks, using CVD technique can be used to generate an array of
reactants on a substrate for parallel synthesis. :
In addition to evaporative methods, sputtering and -CVD, thin-films of the
25 various reactants can be deposited on a substrate using a number of different mechanical
techniques in combination with physical masking techniques. Such mechanical
techniques include, for example, spraying, spinning, dipping, draining, flow coating,
roller coating, pressure-curtain coating, brushing, ezc. Of these, the spray-on and spin-
on techniques are particularly useful. Sprayers which can be used to deposit thin-films
30 include, for example, ultrasonic nozzle sprayers, air atomizing nozzle sprayers and
 atomizing nozzle sprayers. In ultrasonic sprayers, disc-shaped ceramic piezoelectric
transducers covert electrical energy into mechanical energy. The transducers receive
electrical input in the form of a high-frequency signal from a power supply that acts as a



usi ng sputtering or other glowdischarge techniques can be used to generate
an array of reactants on a substrate for parallel synthesis. In addition to
evapor at i WO 9#t878ds and sputtering techni ques, thin-film oPCTSIYERISUS
reactants can be deposited on a substrate using Chem cal Vapor Deposition
15 (CVD) techniques in conbination wit3® physical masking techniques. CVD .
I nvol ves the formation of stable solids by deconposition of gaseous ,
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20 activation of the reactants [n fhe gas ol vapot..phase,using.a,plasns,
are two pRTPHues & 5BpYy MWﬁéHPQAél °ftv€ﬁ98?m8%p'9§?‘lg?'oﬁi?f@&‘“ Wﬁﬂ@éﬁmﬂ‘g’
Succegsi v géhag,j bl : sl gm - - i ng
CvD ﬁchnﬁ&%@an e%%@%&#gﬁgégbggu%g@bg?%g ant_stedriﬁsdg&guﬁtrate
f or par al |rehctants bheassubstrate forl gatallelsynthesisapor at i ve net hods, sputtering and
CvD, thin-films of the . various react.ants. can be.deposited on a
substrate using a nM‘b@ﬁ%&*éﬁEﬁP’ﬂ@EﬂHﬂ?‘_&% Sﬁ%‘sﬁWE%é’i“ﬁ t_ﬁcdl?ﬁﬂ’ﬁsrfgttpﬁn
Wi th physiwad kiewi i the @aticontvefor indistry®a RNised For@novervew ofcsu¢ge, for
exanmpl e, spraying, spinning, dippi r‘%s raining, flow coati ns% rol | er
coat | ng.  echniques, sae; vor exaoiple, Seg, VBT Juchnglogy McGraw Hilk €19t3) and Mead, e
and I n- gn chni gues articylarl ful, rayer s _wWhich can.be used
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Sprayer s, by feféefde for' il IRBAS. S0nditdes op BiffeRet PhoGIINGAFIE chhes Enowr |
ul trasoni csprayers, disc-shaped ceranic piezoelectric transducers covert
el ectri caltodheseqf skill in thecirticarcbe ussder Iy onerembediment) for examplec p\photoresist is
el ectrical, input. in.the formof. a high-fre ncy,.sj.gnal _fro power supply
that acts étfjed ngleéa}nﬁmsﬁ%#eo?ﬁ ﬁ%#gwﬁgay qxﬁosglﬁ} ?‘&’om' zing
sprayers, phiofolyedz URSphdiblyzed or éxposed Bhotofist isStentoved; 4 Pedttand i€ Geposited on
conpl etely atom zed spray. In atom zi hg_sprayers, the nozzles use the

ener iy f r dhe exposed segion(shion ithg;substrgteamwinz @GP@‘Q%P‘.’ photorgsist is -
Physi cal  faligRd. AR it Hedhiv BRARIHSE s uied Biihtbierl i Neposied, .
used to gemethalsGbstiate surfaced the gm:eﬁ_kﬁismleeﬁwlyskpmedh ’;”'l*?’?:f'g*f‘*;“ me |
synthesi <. 1n addon o ine Toreqorng L eohn Guetes BAhS b hod -2RME) on
the substrate; and the remaining photoresist is removed. In another embodiment, a
20  reactant is deposited on the substrate using, for example, spin-on or spin-coating
| techniques; a photoresist is deposited on top of the reactant; the photoresist is selectively
exposed, i.e., photolyzed; the photoresist is removed from the exposed region(s); the
exposed region(s) are etched to remove the reactant from that region(s); and the
remaining unphotolyzed photoresist is removed. As with the previous embodiment, a
25  negative phbtore‘sist can be used in place of the positive photoresist. -Such
photolithographic techniques can be repeated to produce an array of reactants on a
substrate for parallel synthesis. o
It will be readily apparent to those of skill in the art that the foregoing
deposition fechniques are intended to illustrate, and not restrict, the ways in which the
30 reactants can be deposited on the substrate in the form of thin-films. Other deposition
techniques known to and used by those of skill in the art can also be used. -
FIG. 1 and FIG. 2 illustrate the use of the physical -masking techniques
which can be used in conjunctions with the aforementimed thin-film deposition




type known in the sem conductor industry can be used. For an overvi ew of
such techni ques, see, for anple, Sze, VLSI Technol ogy, MG awHill 983) *
and Mead, %oﬂf’mmal Introduction to VLSl Systenms, Addi sonl'%’yﬁ%sgr‘”"s
(1980), whi ch are |ncor porated herein by re& rence_for all purposes.
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herein in vvh| ch-a substrate 2 1 ss-sectlon can be
any of a w c!n’esmtmepnoﬁ different materi aI s I ncl udi ng, for exanple,

polyners, plastics, Teging, sil bgan, \ ool S, b Roosidludeie Sepices 22, 34'%5,
28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50 and 52. Regions 38, 40, 42, 4, 46, 48,
20 50 and 52 are masked, as shown in FIG. 2B, and component A is delivered to the
exposed regions in the form of a thin-film using, for example, spraymg or sputtenng
techniques, with the resulting structure shown in FIG. 2C. Thereafter, the mask is
repositioned so that regions 26, 28, 34, 36, 42, 44, 50 and 52 are masked, as shown in
FIG. 2D, and component B is delivered to the exposed regions in the form of a thin-film,
25 with the resulting structure shown in FIG. 2E.
As an alternative to repositioning the first mask, a second mask can be
used and, in fact, multiple masks are frequently required to generate the desired array of
reactants. If multiple masking steps are used, alignment of the masks may be performed

using conventional alignment teéhniques in which alignment marks (not shown) are used
30 to accurately overly successive masks with previous patterning steps, or more
sophisticated techniques can be used. Moreover, it may be desirable to provide
separation between exposed areas to account for alignment tolerances and to ensure
separation of reaction sites so as to prevent cross-contamination. In addition, it will be



5 readily apparent to those of skill in the art. The mask is brought
into close proximty with, imged on, or brought directly into contact with
t he subst mpe6rs1878 ace as shown in FIG 1. "Openings" in the poxassosas27e@spond
to regions on the substrate where it is -desired to deliver a reactant. The
openings in the mask can take on a varietg0of different sizes and shapes.
Typically, the openings are circular, rectangular or square. 10
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optim zed. Conventional binary masking techniques in which one-half of the
mask i s exphesreactantsa gi ven time are illustrated hereinbelow. It 15 will
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46, 48, sothahysasbin theglelverynf compongnts Aiand B; Compopent C issdeliveredsto thee
masked, as_gs. ' 2B, and GO : B4 S geld ed. . ed
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Thereafter_  the mask is repositiqgned so that regions, 26, 28, 34,. 42,
44, 38 andFES- ZHe and spmponent Q‘Fﬁ)&awemdmdhemposgﬁde@enwh@ﬁ ogm; of jthin-y er ed
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mask, a sehavecbeendeliveredite appropriatedpredefifiedcregions loni the substrate; theyeater equent | y
required tg generate the desjred array of reactants. If pultiple ski ng
steps are ggg.&an@qs &Flwwyrﬂf&é“lﬁé?%é&bgf%ﬁwge% c@ntggﬁt%nal
.al i gnment -Lﬁﬁgrﬁyfe%stiﬂvé"ﬁhﬁﬁaﬁl i gnment - mar ks (not shown) are used 30 to
accurately overly successive nmasks wth previous patterning steps, or nore
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masking technique which can be employed to-generate an array of materials, each
consisting of a combination of three different components, formed from a base group of
20  four different components. In non-binary techniques, a separate ‘mask is employed for
each of the different components. Thus, in this example, four'different masks are
employed. As shown in FIG. 3A, the substrate 2 is‘provided with regions 54, 56, 58
and 60. Region 56 is masked, as'shown in FIG. 3B; and component A is delivered to
‘the exposed regions in the formi of a thin-film using, for example, spraying or sputtering
25 techniques, with the resulting structure shown in FIG. 3C. Thereafter, a second mask is
employed to mask region 54, as shown in FIG. 3D, and component B is delivered to the
exposed regions in the formi of a thin-film, with the resulting structure shown in FIG.
3E. Thereafter, region 58 is masked using a third mask, as shown in FIG. 3F, and
" component C is delivered to the exposed regions in the fori of a thin-film, with the
30  resulting structure shown in FIG. 3G. Finally, a fourth mask is employed to mask
region 60, as shown in FIG. 3H, and component D is delivered to the exposed regions in
the form of a thin-film, with' the resulting structure shown in FIG. 3I. -Once the
components of interest have been delivered to appropriate predefined regions on the

IS



various reactants to the regions of interest can be varied fromreactant to
reactant, but, in nobst instances, it will be nost practical to use the sare
deposi tion {(W@RGAWI®R for each of the reactants. 5 PCT/USAS 378
conponent B has been delivered to the substrate, regions 30, 32, 34, 36,
46, 48, 50 and 52 are masked, as shown in FB& 2F, using a mask different
fromthat used in the delivery of conponents A and_B. Conponent Cis .
del i vered toS fheware, slyireected, psing Any, of @ nymber of dfferent symthetic

resul ting St%ﬂﬁg&‘fcﬁfoﬂpﬂi@gﬂy&ﬁur?ﬁffe&? , regions 24, 28, 32, 36,

40, 44, 48 a 2 are mes as shown 1 n ‘FIG 2H, and conponent D is
delivered to the exposd&lG: doillostsatesiandtherf masking teehniquer whichl can beé émployed to
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56, 58 and 60. Region 56 i's nasked, as shown in FI G 3B, and conponent
del i ver ed t ocamponenp Bsisdelivered e thieexposed regionsfinahe fionm 6f & thinsfilny, witlo the

ot et ut e orEHORE Sfire diowd th £16, 4. “Thetealistsreaking 64, Gy 0o i B2 46,
regi on 54, ag2 sé)Vind 1007ire> madked @5irg GORRANRAK, Bs sRow it YIGCAF! @nd Eﬁ'g@ﬁ"‘?’ﬁ d

regions in the formof a thin-film~ “wth the resulting structure
FI G 385 Theisdielivered todbe expased iregionssincthie form@f a thin-fibin,etith thearesaltingrstiuature

& thin i1 m SRR FIS . THTRER: fdouth RSk % COAGNR FmBREreaens S 0 119;
a fourth nmasye, 78,8188y 90, 94 afid 98, b MWn SHOFIGS4RD AN compbndit P13 délivéred to
conponent D is delivered to the exposed regions in the formof a thin-film
with the restetiexpgsedinegions ie thenform ofra minaﬁ?ml. withnthe reswdtingstpustunetshown in FIG.
| nterest havgy bagRrARLY, 1ELSHs 62, 8815 4, 307 sB! 86/°90, Ve arld FOPAR Risiel Svith a.
20 . fifth mask, as shown in FIG. 4], and component E is delivered to the exposed regions in
the form of a thin-film, with the resulting structure shown in FIG. 4K. Finally, a sixth
mask is employed to mask regions 62, 68, 72, 76, 78, 82, 86, 92, 94 and 98, as shown
in FIG. 4L, and component F is delivered to the exposed regions in the form of a thin-
film, with the resulting structure shown in FIG. 4M. Once the components of interest
25 - have been delivered to appropriate predefined regions on the substrate, they are
simultaneously reacted using any of a number of different synthetic routes to form an
array of 20 different materials. |
It will be readily apparent to those of skill in the art that prior to reacting
the foregoing components, an additional reactant component can be delivered to the
30 predefined regions on the substrate in a gradient of stoichiometries. For example, once
the six components have been delivered to appropriate predefined regions on the
.substrate, a seventh component can be delivered in a gradient fashion across the entire

substrate or across portions of the substrate. The seventh component can, for example,



31 substrate, they are sinultaneously reacted using any of a nunber of
different synthetic routes to forman array of four different material s’
FIG 4 i wpdegmagms anot her masking techni que which can be eppraugestinis
generate an array of materials, each consisting of a conbination of three
different 5 conmponents, formed from a 3gase group of six different
conponents. As shown in FIG 4A the substrate 2 is provided with regions
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mask regions 62, 68, 72, 76, 78, 86, 92, 94 and 938, as shown in FIG
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been dellvered to ap ropriate predefined regions on the substrate, a
sevent h c Bidel ivered in a gradi ent fashion across the entire

20 Once each of the subgroup of components is represented by a vector, a
dyad of vectors is formed. For example, if there were two subgroups of components,
e.g., subgroup A and subgroup B, the vector represenﬁng the A subgroup of components
would be written A, = [A;, A,, As,.... A,], and the vector representing the B subgroup
of components would be written B, = [B,, B,, B;,.... B,J. A dyad of these two vectors
25 would be written A_B,. - This dyad is equal to the tensor of second order illustrated '
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substrate or across portions of the substrate. The seventh conponent can,
for exanple, 32 be deposited through an appropriate mask fromleft to
ri ght as a WOo2/14818 | ayer rangi ng fromabout 100 A to 1,000 APCHUSHIBRTesS.
Thereafter, the reactant conponents can be sinultaneously reacted using any
of a number of different synthetic routes t3 form an array of different

materials. S n addition, it will be" readr |y apgarent to .
those of skill in the Zhe dyad of Yecters F‘%Bﬁrﬁéﬂtﬂtﬁgn the ¢ambinations
enpl oyed to 52

conbi nation 0 &?&%‘ﬁ %’?r%pcl)’(r?\e ‘E@Bﬁéc‘i“r%rﬁe%l rom ase S%BL%?fgfutrtlegrbwe
nor e conponedyad.is Iwntiemh veche formskal, ABeatAB ,IOA;BQL deﬁB@, Aﬁ}em& rreAm;i
whi ch can be used to generate conhinatorial nas patferns fo

experi nent s Mﬂ MB; Aa@nbs?é' danother dyad iss sth{;qucm@pﬂ@wector C =
conponeat s g I

t hat |t§vvoul ’hot” be bs ra 'ﬂ!ir?g %;bg?ﬂg;r;cfo in grfgl(l: one ano{ﬁﬁg w‘%"n

thi s met hod,temare combination between subgroape Al, B=amd Cois fotmedaubgroups of
conponents. For exanple, a subgroup of conponents, such as the | anthani des,
I's represented by a vectop_Lerr],wherein mranges from p, and 15 p
is the total nunber of mefrbers vmthrn the subgroup. It shoul d be noted that
the conponents can be pl afRgd By &yny anydd@;. Chbreovay, B%f Cp particul ar
conponent of a subgroup ip present at dr ferent stoichionefries, each of

the di {@erent stoichi onet Agsa | d cgsem,eﬂlrn tb ector (e.g.,
[err] would correspond tof a di ferent stoic |orretry t an [ rr] 20

Once each of the subgroup Q; poruéon SB Schepl esant gd vector, a dyad
of vectors is formed. For , h& e“were t gub rloups of

conponents, e.g., subgroup A |and subgroup B, the vector representing the A
subgroup of conponents woul d pbe witten [err], and the vector representing
t he B subgroup of conponepts wwould be witten [err]. A dyad of these two
vectors 25 woul d be wtten [err]. This dyad is equal tlo the tensor of

second order illustrated pRl®y GO0 [#r B, C ... Ay By, Cp |

15 As such, given subgroups A,, B,, G, D,, ..., all of the combinations using
one component from each group can be generated in an' array format using the following
method:

A. In the array, each subgroup will either be deposited along a
row or along a column of the array. Therefore, the subgroups which correspond to the

20 rows and the subgroups which correspond to the columns must be selected. The choice
of subgroups will not alter the number of sites in the array, but it will affect the shape of
the array. For example, either a 4 x 4 array or a 16 x 1 array can be created without
altering the total number of sites in the array. Typically, the choice of geometry will
depend on the configuration available for the library.

25 B. The rest of the method involves forming dyads within the Row
cluster and Column cluster as illustrated above with subgroups A, B, and C. It should
be noted that every dyad in array form is converted to a vector form before proceeding
to form the next dyad. There will be a point where only one vector will be present in

. each of the clusters. These vectors can be designated the Row and Column vectors,

30 respecuvely When a dyad is formed between the Row and Column vectors, the

resulnng array is the final format of the combinatorial library. '



33 The dyad of vectors Alerr] and B[err] results in producing all of the
combi nati ons between the conponents in subgroup A and the conponents in*
subgroup BVOP¢/11838 above dyad is witten in vector form i . ®CINYS95i3278

[err], and another dyad is formed between this vector and a vector [err]

5 [err], representing subgroup C, then34he followi ng matrix containing
every .ternary conbl nati on between subgroups A, B and Cis fornmed. 10 [err]
15 ! _ As such,CgiTheprden; eﬁmeoqeelsr‘ylﬂmanafoft%vmwarmsﬁs

usi ng one Bﬁ)ﬁm ﬁﬁrgegﬁ F GiMar e RR68 r

usi ng the ow ng mnet ho Fm‘ﬁlpu&ﬁe ar lrillggy, eaé% su g?ggéphe\?\n el ther
deposi t ed samegesalts olf the ﬁaakm'ga)aof:mmhmanmstmamngd/as ilhnmmm the almve

cor T e3pondSTAAR SSig| TRRDURS & 1B End 8 dheh G asks wit B &i‘ééqﬁ%é’%mws
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not alst er (e be'tiebsed @créét&‘i%drﬂbrhﬁénﬁﬁﬁ%ry but it will affect the shape of

the array. For exanple, either a 4 x 4 array or a 16 x 1 array can be

created w thout altedn mgnma;hem;tmal termis - chasising subgraups requires that allTofrtheal | v,

| br ary. _otiemed W fbgitup be Gepbated Sigk 15, ¢ hisphd @liel e 1 poimns'St
form ng dyg@dibragyi witihg 6M%1esﬂienw¢o£ekamﬂectﬂ¢%ﬁ would! Be 'Siibdided
above with subgroups A C. It should be noted that every dyad in

array f or ninte quadrentstalong @ﬂ@r \th;e:tqws oneolumss end thankach somponentiwould bee next

of 119" i eadeled ol BEIk R, °F e 38 0E bl g MRl iRyl t5" «

vectors, 3[Rt us siyHifds} ihedl dach \Wehose thiras wosild be Sibrdiviaéd Bid thﬁunﬁi@\anarm 4
Col um vectors, the resulting array is the final format of th

conbi nat or $empanentsawguld be deposited evenlyracsessceash o dhe throg lasger whshvmonshe
vectors or arrays do S ski ng
patterns needed to gm{, e%@gégh%}%}l{eguﬁ%& ?#DMH% flﬁlérigﬁi tgzlrtr aélfé)lﬁgmﬂg
conbi nat i omethod cahbenged to geadrhtedontbiinatorial miskimgbpatterns for any experiment,

15  given a set of predefined components.

B. erzw_llmx_d.ﬂmm | |
In addmon to the foregoing dehvery techniques, dxspensers can be utilized
to generate diverse combmatlons of reactant components in the form of droplets or
20 - powder on a single substrate. As explained above, commercially available |
' micropipetting apparatus can be adapted to dispense dropiet volumes of 5 nanoliters or
smaller from a capillary. Such droplets can fit within a reaction region having a
diameter of .300 pm or less when a non-wetﬁdg mask is employed. In some
embodimehts,, the micropipette ls: accurately and precisely positioned above the reaction,
25  as described below, before the reactant solution is deposited. |
In a different preferred embodiment, the present invention employs a
solution depositing appara_tus_ that_ re__sembles devmes commonly empldyed in the ink-jet
pnnungﬁeld Such ink-jet dispensers includ_e, for example, the pulse pressure type, the
bubble jet type and the slit jet type. In an ink-jet dispenser of the pulse pressure type,
30 the printing ink is jetted from a nozzle according to a change in preséure applied by a
piezoelectric device. In an mk—Jet dispenser of the bubble jet type, bubbles are generated
with heat generated with a resistance device embedded in a nozzle, and printing ink is
jetted by using the force due to the expansion of a bubble In an ink-jet dispenser of the



exanpl e using subgroups A, B and C, then only masks wi th bars along col ums
or rows 5 wi |l be needed to create a conbinatorial library. In

non- mat henaVO2%f118W s, choosi ng subgroups requires that all BETAURS/13278

el enents in a subgroup be deposited side by side across either the rows or
the colums of the library. Wth a group 0f354 el enents, for exanpl e, the

ZL&atyhﬁﬁ“'eSaﬁ?z%%V' nide i ?sbﬁﬂacg irée?shgﬂﬁfeen x?féwér“eia req%%dxa prEtly
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for anys expekdthe ink ﬂs%ectetﬂtdé&?d@ﬂﬁ%&ﬁn@' paRt w&ﬂa:pe!seeaﬁmchor& td bl

Using A Dispenser In addition to the foregolng delivery techniques,
di spensers ¢lahopdhepaparzed to generate di verse conbinations of reactant

conmponents in the for ef or 2 on | e suhstrate.
As expl ai ned above, m&gﬁéﬁl SFé’sﬁé)g'm@p' %8*8%5’297 by P pe
adapted to dubsitataty &l raRtmt cummmgsmﬁn&l O faklah€Entahing Powdr fof f1€ ifik. For

capillary. Such droplets can fit wthin a reaction reg&on haV| ng a di anmeter

of 300 [err EXAmple; m&mnlaﬁumpemmmkmm 26%9 dnicorporateshherein by

Che ot ofetelod 16k 8P pRGiobf, aRsiel I s/ of £ byke Brbokie)yB 1o s ©

deposi t ed. hfplg ah drtibody to Rrsofid midteix £ MRQHE Pedtess, l@lRticis&dtitaihingahé afibody is
enpl oys a saqluti on dep03| ting appar atus .that resenbl es devi ces commonly
enpl oyed i n thieugle spafl hare gorzle that isyibratingin » masneribat fragments thele,

I%;Xi’irf]m;ﬁ mE J?#bgﬁspenser ) t%%@pﬁgﬁb@ﬁ@&g@%gﬁrﬁpw%ﬁ Ehrbugth

printing i nknietectri¢ field dndothiem deflectedoMoOhé Mattx infatéridlhange i n pressure
applied by a plezoelectrlc device. In an ink-jet dispenser_ of the bubble

jet tyle, bubbl es ar e Fgsibystrative purposes & copveationab inkiirop printerofthe
et oo eroegiasus yfe i QUS43 W ik e Gt Sribh? | T P OAGE,
j et type, pfeedsiargpe whichsisfdohheted\ic & inbzale.sAr eleétkomedhanicaletrudsducer is
recording elegl%{oryggetg vibrate the nozzle at some suitably high frequency. The actual structure of
the nozzle may have a number of different constructions, including a drawn glass tube
20 which is vibrated by an external transducer, or a metal tube vibrated by an external
- transducer (e.g., a piezoelectric crystal), or a magnetostrictive metal tube which is
magnetostrictively vibrated. The ink accordingly is ejected from the nozzle in a stream
which shortly thereafter breaks into individual drops. An electrode may be present nw
the nozzle to impart a charge to the droplets.
25 - A schematic drawing of an ink drop dispenser of the pulse pressure type
“(such as is described in U.S. Patent Nos. 3,281,860 and 4,121,222, which are
iticorporated by reference herein for all purposes) which may be employed in the present

invention is shown in FIG. 5. This apparatus comprises a reservoir 210 which contains a
solution under pressure. Tubing 212 is connected to the reservoir 210 and terminates in
30 a metal nozzle 242. Nozzle 242 is disposed within a hole provided in piezoelectric
“crystal 240. The end of the metal tube and of the piezoelectric crystél are made to
coincide. The tubing and the piezoelectric crystal are soldered together to form a
permanent waterproof attachment. The coincident ends of the crystal and the tubing are



are aligned in correspondence to pixels, and a DC voltage pulse is applied
between a recording el ectrode and a counter el ectrode arranged behind a’
recor di ngWp®p#1878| n this system the printing i nk around tRCI/G$95U8278he
record electrode is charged electrically so 5 that the ink is ejected
towards the recording paper with an el ec86ostatic force to record a dot on
the paper. Such ink-jet printers can be used with m nor nodification by

si nply sulsovered witlya avasherc24dwhichris sermedansorifies washsy. This washerdwatani ni ng
powder for k- [ m| e <ale 2 cation °*
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the use ofA gource of ofdilationis 218)ip onmdctgdebetweerntheroutsideppthe Mmetab aibikgp 242 had 2
solid matrix. In the process, a solution containing.the antibody is forced

t hrough a theheutsidg of dhe, piezoeleqtrig crystal\ 240 aThe,gonstrugtion, if-sch thatthermgticrent s

by pasi ndC e Ue HRAPAEL AR figects Sioifs BRebchel ) S ERU et R 8F ¢
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mat eri al . theédcomponents. For illustrative purposes, a conventional ink
drop printer of th_e_aﬁtell se pressure a%i.nc.l udes a reservoir in which ink
i s hel d under press(khe pigzaelectric exystat ¢40 is vibeated substantially at the frequeney of ed

nozsl o at e SABIRRI BAISR, ol ARREURE nor e TVIRKR whetely BEicuddl] |
may have strédnyibe¢aksidosin intsy dropleto 246 wwgﬁﬂsmumwmhasdymomb%u&)ed
by 49 et sowrss of oapilainst il besmesty e el ani e charpinecryiigder 236, A3 ©
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20 medium representative of the information in the signals. ' _
Although the ink-jet printer of the pulse pressure type has been described
in greater detail herein for purposes of illustration, it will be readily apparent to those of
skill in the art that ink-jet printers of the bubble jet type and the slit jet type can also be
used, with only minor modifications, to deliver reactant components to predefined
25 regions on the substrate. . Moreover, although the foregoing discussion refers to a single
nozzle, in a preferred embodiment, ink-jet printers having multiple nozzles are used to
deliver multiple reactant components to a single predefined 'regic'm on the substrate or,
alternatively, to multiple predefined regions on the substrate. In addition, as
improvements are made in field of ink-jet printers, such improvements can be used in the
30 methods of the present invention. - TR '
In other embodiments, the reactant solutions can be delivered from a
reservoir to the substrate by an electrophoretic: pump. In'such a device, a thin capillary
" connects a reservoir of the reactant with the nozzle of the dispenser. At both ends of the



36 covered with a washer 244 which is termed an orifice washer. This washer
has an openlqg 246 drilled therethrough through which the solution is
emitted undNOYWH8®/re. A source of oscillations 218 is conne@CEFSBURERN

t he outsi de of the metal tubing 242 and the _outside of the piezoelectric
crystal 240. The construction is such that Brmetic 5 seal ing can be
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herein for purposes of i]lustration, it will be readi l’y apparent to those
of skill in torBredefinedneegians on; the spbstrate-eithesrsequeatially or simitanequsly.afaiat he
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device, a thinGaGddithé e reactant or, alternatively, two different reactants can be delivered. If
20 the same reactant is delivered to both of the predefined regions, it can be delivered in
either the same or different amounts. Similarly, using an ink-jet dispenser having eight
nozzies, for example, eight different reactants can be simultaneously delivered to a single
predefined region on the substrate or, alternatively, eight reactants (either the same or
different) can be simultaneously delivered to eight different predefined regions on the
25 substrate.

V1. Multi-Target, Thin-Film Deposition Systems
The reaction systems used in carrying out the previously described thin-
film deposition techniques can vary widely and will depend, in large part, on which thin-
30 film deposition technique is being employed. The present invention provides a number
of different multi-target, thin-film deposition systems which can be used in carrying out
the methods of the present invention. Many embodiments and variations of the systems



connects a reservoir of the reactant with the nozzle of the dispenser. At
both ends of the 37 capillary, electrodes are present to provide a
pot ent i al WOBém1sace. As is known in the art, the speed at \WOTAS94/1827811 cal
species travels in a potential gradient of an el ectrophoretic nmediumis
governed by a variety of physical propertB38s, including the charge density, .
si ze, and shape of the species being transported, as well as the physical 5
and chemi cdlsc berein: wild become appanensdotthosecifiakill ins thefart upore reviewe of ithiser
condi tions ©of, potential gradient, capillary dinensions, and transport

medi um rhegf , -a hydrodynamic flow will be set up within the capillary.
Thus, bulk fluid containing the reactant of interest can be punped froma’
reservoir to the substrate. By adjusting the appropriate position of the
substrate with h;hsﬁé‘pmdnghfyﬂme{}’ithoﬁ greausel punp nozzle, the reactant 10
sol utigon can be precigely delivered . tq,predefined r I on regions.on the
subst rat e. Usi ng the%ﬁ%@ﬁ#%‘ﬂ&gl}si MF%&Q%%#@ ﬁygégi gﬁf P4rP%e
delivered empltyeddhithe thetlds Of thedPrebéivt ifiventionds flvatrated!in FIG. 6]t This! syseein

simul taneously. In a presently preferred enbodi nent, the reactants are
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subst  at o. POl Of Beerelt/ Thé RighY KF Ragndlii iR g5 SR10ed snl 2
different abaiSinchesdbovea diskni2 eomeining théfdon@Romasking pattedhe 114 asl WellnRd

region on the substrate. Alternatively, using.this sanme 1nk-jet dispenser,

a redé ant eighhfilma-thickness smanitors J16ic In this system, theeight: RE magneror sputtering

regi ons on_the N I lRlLSqi ) : SRNE, t r . '
alternativé a‘?%ﬁé%@egglék% gggqa??sggméelig%’l ve _ed’éﬁlc?’%’ﬁa to atsﬁ'gs%tﬁe'
reactant i maflipulacer £20 whidhOistapdblé bf linearcknidi roesliongiomotion ahd which &rfpages the
delivered in either the sane or djfferent ampunts. Si-mlarly, using

i nk-j et di Syhstraterwith she\particylar mask of dngerest;so that the subsEatg s iy #Wé?’iiﬂ? the

reactants I =T=e] . delhivered. % Sk eUie A ' reqi on
t he substrate é‘)&{eﬁéﬁ%‘&ra.lgaeél,ng'ei%#é@g%‘}f&a%@E%%F’?ﬁg&%gﬁéeﬂtgg%éor _

di f f dSent ) on-diee substrawLbyt thesequengialldépogitionbfteack icginponkrit fisoagh its respettiveed
regi ons on the %ﬁ‘i’ substrate. V|, Milti-Target, Thin-Fi.lm Deposition
Syst ens  Thilagk, dhisentire sysem ig IMVee#or yi ng out the previously described

par b wi chchi e T A RARBR EARn Tl i T2y ARA dtolind BERIM 0 B 97
present i nmasking paters\ilde sotationalineotion, thereby providing the flexibility needed to match
any of the 8 reactant components with any of the eight masking pattérs 114. With this
20 flexibility, it would be advantageous to increase the capacity of the disk 112 to more than
" eight masking patterns 114 so that a reactant component can be deposited through
multiple masking patterns. This is particularly useful when different film thicknesses of
a given reactant component are needed at different sites within the library. In addition,
this system can be converted from a polar coordinate system to a X-Y coordinate system
25 wherein the sputtering guns, the masks and the substrate are in a rectangular
configuration.

B. A Sputtering System: with A Cassette -
. An alternative design for a combinatorial sputtering system is illustrated in
30 FIG. 7. This system comprises eight RF magnetron sputtering guns 110, each of wluch
contains a reactant component of interest, inserted from the side of the reaction chamber
in a complete circle.  The substrate is attached to a shaft 130 having linear and rotational
motion. As such, during deposition, the substrate can be translated and rotated to face



of different nulti-target, thin-filmdeposition systens which can be used
in carrying out the nethods. of the present inventioon. Many enbodi nents and
vari ati ons ®WODéIEIS3y St ens 38 disclosed herein will becone REFAISSSI327Y
those of skill in the art upon review of this disclosure. A A Sputtering
System Wth A Carrousel 5 An32xanpl e of .an eight RF
magnetron sputteri ng gun system whi ch can be enpl oyed in the nethods of the
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each of Whi C8f more than 20 masks. Using this system, all of the reactant components of interest can
be deposited through distinct masking patterns, thereby creating a combinatorial library
of layered thin-film precursors.

20
C. A Pulsed Laser Deposition System With A Cassette .
A system related to the one described above is that of the pulsed laser
deposition system having a cassette exchange mechanism. This design is illustrated in
FIG. 8. The reactant components are placed in a carrousel wheel which can hold at least
25 4 reactant components and, more preferably, at least 8 reactant components. An
alternative approach is to place each reactant component on a different face of a polygon
142 (see, FIG. 8). If, for example, the polygon is a decagon, then ten reactant
components can be mounted upon it. With either design, the goal is to be able to rapidly
move a reactant component in front of a laser beam 144 for a specific period of time,
30 and then change reactant components almost instantaneously. In the carrousel
embodiment, the reactant components can be quickly rotated to intersect the laser beam
144. In the polygon embodiment, the reactant components can be interchanged by
spinning the desired polygon face to the front where the laser beam 144 is fixed.



contains a reactant conmponent of interest, inserted fromthe side of the
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For the system illustrated in FIG. 8, the substrate is mounted on a shaft .

20 130 which can be rotated and translated vertically. Moreover, in addition to using a

rastering laser beam, each ablation target, i.e., reactant component, rotates so as to
expose the entire surface of the target to the laser beam. This improves the uniformity
of the deposition for areas greater than 1 square inch. As described above with respect
to the system illustrated in FIG. 7, the substrate is placed within a sample holder 132,
25 and a secondary mask 134 is attached to the substrate holder 132 above the substrate.

- 'The secondary mask 134 is aligned correctly with the substrate thro_ugh the use of a
locking mechanism. The accuracy of the locking mechanism should preferably be better
than 25 um. In between deposition steps, a mask is interchanged, without breaking the
vacuum, with one of the other secondary masks held in the cassette within the reaction

30 chamber. The general procedure used to exchange the masks was described above.
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substrate is placed within a sanple hol der 132 condary mask
134 is attachi8dittle of Mo spaes betiesn the apsrture 85@%@1%%9& 185

20 - One of the masks on the sheet 152 will consist in its mostgeneralformof
nine squares, each of which is approximately of the same dimensions as the aperture in
the aperture plate 150. Only the middle square is empty. This mask is shown in FIG.
10A. When attached to a flat sheet which can be translated in the X and Y directions,
this mask effectively becomes an X/Y shutter mask. As such, it can create different size

25 squares, rectangles, ‘L’ shapes and bars in either the X or Y directions. Given that the
substrate can also translate in the X and Y directions, a two shutter mechanism is formed
in this configuration. It can readily be seen by those shlledmtheartthntthereare
other arrangements (such as an ‘L’ shaped mask instead of a square mask) which can
create a two shutter system that performs as the one described herein.

30 : Using the X/Y shutter mask and substrate combination, hundreds of

- different masking configurations can be generated, each within a few seconds. For
example, the 5 masking patterns set forth in FIG. 10B create 5 separate columns along a
substrate for 5 different reactant components. This identical design can be executed with
the X/Y shutter mask by first sliding the mask to the right to form an opening 1/5 the
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In addition to bemg used in combination with traditional binary masking
techniques, the X/Y shutter system can be advantageously used in combination with other
20  masking techniques. In paticular, it can be used with the previously described method
for generating masking strategies for experiments involving the use of distinct groups of
reaction components, wherein the members of each group are related in such a way that
it would not be desirable for them to interact with one another. The following sets forth

an example of how this can be carried out.

25 ~ In this example, -there are three groups of reactant components,
i.e., group 8, group 5 and group 3, each of which contains 8, 5, and 3 elements,
respectively. Moreover, group 8 has 5 settings per element, group 5 has 3 settings per
element, and group 3 has 1 setting per element. As such, the number of reaction sites
on the array would be 1800 or (8 x 5) x (5 x 3) x (3 x.1). To prepare an array having

30 1800 reaction sites, one could use a rectangular substrate having 40 rows running across
the width of the substrate, and 45 columns running down the length of the substrate.
Group 8, having 8 elements and 5 settings per element, would be deposited along the
rows, whereas group 5, having 5 elements and 3 settings per element, and group 3,
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desirable for themto interact with one another. The follow ng sets forth
using a dispenser, a frame of reference common to the delivery instrument and the -

20 - substrate is required. In other words, the reference coordinates of the instrument must
be accurately mapped onto the reference coordinates of the substrate. Ideally, only two
reference points on the substrate are required to completely map the array of reaction
regions. The dispenser instrument locates these reference points and then adjust its
internal reference coordinates to provide the necessary mapping. After this, the

25 dispenser can move a particular distance in a particular direction and be positioned
directly over a known region. Of course, the dispenser instrument must provide
precisely repeatable movements. Further, the individual regions of the array must not
move with respect to the reference marks on the substrate after the reference marks have
been formed. Unfortunately, pressing or other mechanical operations commonly

30 encountered during fabrication and use of a substrate may warp the substrate such that
the correspondence between the reference marks and the reaction regions is altered.

To allow for this possibility, a substrate containing both "global” and
"local" reference marks is preferably employed. In preferred embodiments, only two
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mapped onto thé reference coordinates of the substrate. | deal |y, onla¥l
‘metered amounts of reactants. .In order to initially locate the reference pomt and align

the dispenser directly over it, a vision or blind system can be employed. In a vision
20 system, a camera is ﬁgidly mounted to the dispenser nozzle. ‘When the camera locates
the reference point(s), the dispenser is known to be a fixed distance and direction away
from the point, and a frame of reference is established. Blind _sys_tems- locate. the
reference point(s) by capacitive, resistive, or optical techniques, for example. In one
example of an opucal techmque, a laser beam is transmitted through or reﬂeci_ed from
25  the substrate. When the beam encounters a reference mark, a change in light intensity is
detected by a sensor. Capécitive and resistive techniques are similaﬂy applied. A sensor
registers a change in capacitance or resistivity when a reference point is encountered.
" For purposes of this invention, the spacing between the individual regions
will vary in accordance with the size of the regions used. For example, if a 1 mm?
30 region is used, the spacing between the individual regions will preferably be on the order
- of 1 mm or less. If, for example, a 10 um? region is used, the spacing between the
individual regions will preferably be on the order of 10 um or less. Further, the angular
relation between the cells is preferably consistent, to within 0.1 degrees. Of course, the
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dispenser towlralrg I&xe substrate in small increments, until the dispenser tip touches the
20 substrate. At this point, the dispenser is moved away from the surface a fixed number of

increments which corresponds to a specific distance. From there, the drop is released to

the cell below. Preferably, the increments in which the dispenser moves will vary in
accordance with the size of the regions used. '
In an alternative embodiment, the dispenser nozzle is encircled by a sheath
25  that rigidly extends a fixed distance beyond the dispenser tip. Preferably, this distance
| corresponds to the distance at which the solution drop will fall when delivered to the
selected reaction region. Thus, when the sheath contacts the substrate surface, the
movement of the dispenser is halted and the drop is released. It is not necessary in this
embodiment to move the dispenser back, away from the substrate, after contact is made.
30 In this embodiment, as well as the previous embodiment, the point of contact with the
surface can be determined by a variety of techniques such as by monitoring the
capacitance or resistance between the tip of the dispenser (or sheath) and the substrate



t he di spenser directly over it, a vision or blind systemcan be enpl oyed.
In a vision 20 system a canera is rigidly nounted to the di spenser *
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of reference is established. Blind systenggl ocate the reference point(s) by
capacitive, resistive, or optical techniques, for exanple. In one exanple
“of an opt i béelowt eAhrapidichange i eithierluf thesespropertissiis observed rupogicontact efithethe ed
from25 the substrate. Wien the beamencounters a reference mark, a
change in ﬂuﬁﬁp-intensity is detected by a sensor. Capacitive and resistive

t echni ques are sim| ﬁ# ' d@g- ?ﬁ&s i : et defribed :

capaci tance or resi s'?irolw ﬂéﬁﬁka r ereg%he‘;egg:sﬁt&fl?agnc%l&gr edp.ic’llel(}'rl:In

pur poses ofermbiof translatiobnal movements) aHowgver) othercsystems maylalso deempleygdo

wi || rT:é{ary 1i”r11%ac' or.dancF:cemgvi th t_hgig%ﬁéeaf Ihﬁg&)ﬁ&!&&ﬁﬁ‘ﬁﬁgﬁ Pﬁﬁ exag})Le, | f

al err BmgOdH“[@, idispgase 1s gl p‘ﬁ’é‘? terest _

regi ons w tot}ﬁ? i %Fﬂé iclarnd ot oe!thedi X e, a
ggﬁ%gbg@eyd, t l(e)&g%gg?dr)lgpbe vveuen t he icgjdi Vi ¢ thedih FelBx ¥

10 [err] r i dual regions wll
pr ef er abl yexample, thecregiodcn wifich feactant jsodbe deposited-isridentified: byea dragkland

O cour e, SReHE 0catis: Ghadisk £hBiey e drbasrs hitbimeved f e shprodiste B
ar rangemengpgl sk sibst 'é@%ﬁt Siher ! dpPropiht 8all & poditicned beltdv tHdovever

I n subsequent processes .g., pressing procéesses), the angle can be

di st dOt ed. dispenser {(as referencedtbydheappropriate seatorion the drack) ra/droplet of ireactant ocal "
ref erence i nts.throughout the array. 5 .- Transl ati onal
mechani snsg@'étb%fb?sgreMvi ng with the desired precision are preferably q
equi pped with positi gantBEePifeldroplel size My be actompliShedlBy variGds febitnigudse
used in devices for sem conductor” device manufacturing_and testing, Such

nmechani snsknown tgthese ofiskijl indhe ats cBon example.sincone embadimeat, grgonventional

backl ash and hysteresis. 1n_pr rred. ' . e ot b O 8mall
mechani sm Wﬁﬁw&@é‘ga}“m& %‘?"g% &lg&ce}‘% ﬁ‘f%;léts °t§?§’§t‘{€?g{§{?g}hb‘?u ve _errmt or
ti ckgsper fpfrs eapiliant Sudhi diopits fit Withirl fegionsrmvingndiametersofi300 gm of less
preferably have a high repeatabiljty relative to the region.di ameter travel

di st ance (Wwhes amngnryetting mask ds employedo deposit a drop of reactant sol ution

on the substrate accys . t lesitog 7d BeeliUfi fe‘c@ I oot

di stance above the s§@’g’§§‘¥“‘ﬁ1e ?gpensgﬁéqtggiiés pre ertgbssxg/és s%’mé%lgg

| ocat ed abligiid droplets; miniseule diquotsadfeeach tése sshstance zaw alsortieadelivetedito the
reaction region as powders or miniature pellets. Pellets can be formed, for example, .

20 from the compound or component of interest and one or more kinds of inert binding

" material. The composition of such binders and methods for the preparation of such
"pellets” will be apparent to those of skill in the art. Such "mini-pel_léts" will be
compatible with a wide variety of test substances, Stable for long periods of time and
suitable for easy withdrawal from the storage vessel and dispensing.

VI. Synthetic Routes For Reacting The Array of Components
Once the array of components has been delivered to predefined regions on

~ the substrate, the components can be simultaneously reacted using a number of different

synthetic routes.  The components can be reacted using, for example, solution based
30  synthesis techniques, photochemical techniques, polymerization techniques, template
directed synthesis techniques, epitaxial growth techniques, or by the sol-gel process, by
thermal, infrared or microwave heating, by calcination, sintering or annealing, by
hydrothermal methods, by flux methods, by crystallization through vaporization of



the drop is released. The degree of control necessary to achi eve such
accuracy can be attained with a repeatable high-resolution translation
mechani sm ofwolee/1187pe descri bed above. I n one enbodi nent, the teadvis1adrgve
the substrate is determ ned. by noving the dispenser.toward the substrate in
smal | increnments, until the dispenser tip tqggches the 20 Substrate. At
this point, the dispenser is noved away fromthe surface a fixed nunber of

i ncrenent s wisotvent,ogtc.e Qtherduseful synthesis itéchaiqiies will be .appareit tdtoge of 811G Re
is released to the cell b?l qQw... Preferably, the increnents in which the .
di spenser no\AILURN FEViEY O WW%C&‘WW(WS@?‘Z@M@ syaghetis youtccwill

1 it g AR R o SRS B ol

Preferably, twillsbeireadily epparentrtosthosedsf skill tith ¢hedars.t dm additionydtiwill befeadily ut i on

d i 14 fall when del | d.to the sel d t] ion. Thus, Wwh
the’ sheat n caRPAEToK) fiose BE SR dhe B Rbacit Haceisd, chemacnt cnepeneurice i <
hal ted and t ' Fefded hfink ' ; ' t
Tove the. di Spenoer back  ahay 1ot Pherck eatply afeisfeis leclifucs BREMITR ' S
In this enbodéechpiques,aerc.viuch dschniquep can be applisthditectlyrtb.a given pm?r?e_ﬁnéﬂ region on
O o e SR aiERafetolo T oP B rbacinel ot 28 the kg «
di spenser (Okinnilgkbis fasikioh R&g?,uﬁﬁtsﬁﬁiéﬂte carf'Be li’tf‘écﬁﬂihcﬁlrv[]ﬁtak&l ﬁpﬁl?t;&g\gépﬁugh

ei t her of theset&{operties i's “observed upon contact w e sur
this pottht, that the compenentsiareieffectively muizsed)aas been described only in terns

of transl ational nove ts.. However, other systens, may .al so he enpl ayed. In
5  one enbodi ment, %@P r{gg}esitgsgﬂtf-atﬁgés sigtQlue the sinterag of ok of

i nterest by geseiantss"THE slaAdadSméd &JT%Jn i #}Eﬂmk eSRhbial
storage nedia fields. For ex'arrplée?a'ltﬁﬁ%d redi g‘rﬁ'ﬁ% st I C reg’g ,gf%?eggﬁlk)%, 15set°
deposit ed i sgnaé severalemetal-oxide powidersdgether, wompresstthe mixtureand, sthereafier, bake .

The di spenseg, J - ved.to.th p rpate a ile the disk
substrate r o%taé g%‘ﬁ% nggpg?@g#@gté%géb?“ﬁ @ogﬁt \iﬁﬁufge‘ﬁ%m%\w thecpoysier
di spendsr (amixwfesingne e hdy RadeieRREdlR @ ot ds 'aRf 'fhse fed'h IBLiE!
of reactant solution is released. Control” of the droplet size may be ?
acconplis hedwﬁyoms through the. liquidrop\gaseonsiphase: Ghseoks lelements, isactnas oxygen,
exanple, 1n ahCh ERe i dliing XifieANS or, ﬁ&%l)atively, in a subsequent step, and the pressure
of the system can be varied during the synthesis process. Unfortunately, using
traditional sintering techniques, reaction rates are limited by the slow diffusion of atoms
20  or ions through solid reactants, intermediates and products. Moreover, high
temperatures are frequently required to accelerate diffusion and to thermodynamically
drive the formation of a stable phase.
In contrast to such traditional routes, in the present invention, new routes

to solid-synthesis focus on the synthesis of compounds at lower temperatures. It has

25 been found that reaction rates can be increased at lower temperatures by drastically
shortening the distance required for diffusion of the reactants and by increasing the
surface to volume ratio. This can be achieved by depositing the reactants on the
substrate in the form of very thin-films or, alternatively, by using solution based _
synthesis techniques wherein the reactants are delivered to the substrate in the form of a

30 solution. Moreover, when the synthesis reaction is to be carried out at a temperature
ranging from about 200° C to about 600° C, a molten salt can be employed to dissolve
the reactant components. This technique is generally referred to as the flux method.
Similarly, in a hydrothermal method, water or other polar solvent containing a soluble



m cropi petting instrunment is adapted to di spense droplets of five
nanoliters or snmaller 15 froma capillary. Such droplets fit within *

regi ons h%pﬂugi,ﬁneters of 300 [err]mor |ess when a non- wplchrusgs/ask i s
enpl oyed. t hough the above enbodi nents have been directed to systens

enploying liquid droplets, mnuscule aligggts of each test substance can <
al so be delivered to the reaction region as powders or mniature pellets.

Pel | et's cajpdpgarli®sdleis exﬁﬂ?y&(ﬁfmkﬁ)lv@ﬁle readtistrecniponentsp CTtechydrothermalnent  of

i nterest and one or nore kinds of inert binding material. The conposition -

of such bi method iswsualiy eastied Pyt undar presspee aAd A INMPSRtHIS FREINg Bt e

apparent t iyl f hAd A Ny t . wd Bk - Sentdd ht '
conpat i bl egg\’?t'?rs@%oag%%rFé?%fog%@{é’s?m%g&%ﬁ:@sk, 9‘3‘%@% gm*t%\ﬂr b* 8’%3 perltods
of tine anshvenfidmthe afray of seactait idostipanents i be iphessafizedogredepressatizeainunder an
di spensi ng. 25 VI. yt etic Routes For. Reacti n%!.The Array of Co

Onhce tSBe ainest atorosphafe.coxyEen of pthesLas. &BI“@% @eﬁmﬁeﬂﬁeg?onen:)t
e P o A k8 s ok M

of differe e conmponents can be reacted using, ftor

exanpl e, sqsitig) for example, Isker thermolysiss iwherein ursisi of engrgp tof arpredetetmined
techni ques, pol ynerization techni qyes, tenplate di ectgd %é/nt hesi s
t echni quesduratipd apd intensity Arg delivered 4o darge stqﬁ‘eé'gé}’-ﬁ@l process, by

thermal, infrared or yfgGlkoO LO0%: RP%HI A SR -

anneal i ng, by hydrot %@ﬁ% %‘“ﬁ?‘“@‘?@'ﬁxﬁf 0 s%yﬂit}d?égél izg‘tirilec?n
through vapepionsadr @sulsstrate canobe subijected to diffenent reaction|temperatures by t echni ques
wi |l be apparent, t hose of skilJ in the art upon teview.of this .

di scl osur em%?m& }‘%W"ﬁ‘ﬁﬁ‘“‘ﬁdﬂ%ﬁg‘g?’é“%?ﬁgﬁéﬁ? ﬁsgvﬁ@ehm?ﬁ‘é'péﬂah‘ﬁn |
the class. b%gﬁ'nf,-ad fesisavbaeayea&,hﬁﬁm%nﬁf&;}ibaeﬁﬁimbh Qcledh Substrite \ihg

case will bere I’y apparent to those of skill in the art. In addition, it
wi |l be reany bye bf the prepioaslyrdeseribedHbinefilm deposition technigues: ¢ The, sesistive

necessary, fhe reactant c onents can.be i xed pri el .

usi ng, for%*@%ﬂ%%m Enif B%J%gﬂ%%%gﬁrﬁgﬁﬁ%q%gg&eﬁ%& Such
t echrysgues readhsd RIS dbriRetedYtotan dledtiiballeatl wilithi ivadacheditoa powerhe
substrate or, alternatively, to all of the predefined regions on the

substrat e supply.siTheltempesature fof¢he predefined regians can heregulated by yarying the
T oot | vel POWRR SRR b0 ZineR iRy 1 dperal apy oftytel fBRE iRk £'fbting point |
sintering ffghePitiadl the temperature at which the reaction is to be carried out can be used as the
resistive element. Suitable materials include, but are not limited to, metals, alloys, and
20 ceramics. Examples of such materials include, but are not limited to, indium doped tin
_oxide (ITO), tungsten, molybdenum, tantalum, platinum, copper-nickel alloys, platinum
and rhodium alloys, aluminum-nickel alloys, erc. ' , _
In some instances, it may be necessary to coat the resistive element with a
protective coating so as to prevent interdiffusion between the resistive element and the

25 array of components. The protective coating is applied in the form of a thin-film
material using the previously described thin-film deposition techniques. The protective
coating is made from a material which effectively conducts heat and which is inert at the
temperature at which the reaction is to be carried out. Examples of suitable materials
include, but are not limited to, MgO, SrTiO;, BaTiO,, AlL,O; and other semiconductor

30  and ceramic materials which are good conductors and inert. -

" Once the resistive element has been deposited, an array of components is
generated using thin-film deposition techniques in combination. with masking techniques.
An example of this approach is illustrated in FIG. 12. In this example, a library of



reactants. The standard nethod used to synthesize superconductors, for
exanple, is toﬂgri nd several netal-oxide powlers together, conpress the
m xture andVOOHdI&8fter, bake at a tenperature ranging from 89832 Bout
1000[err] C. The el enents i.n.the powder 15 m xtyure sinter, i.e., they
react chemcally to form new conpounds and%use into a soli d, wthout
passing thrq { L qui r seous, phase 0 | eqents. .Ssuch. as
bxygen: canoHppuR v btntrsten, SERRRER R B aennRBER 4F TRl rbisedt SHirBe At
step, and t ilfusiiadsid FIR 12, AcreSisivecdlemennt Supivs iaf entive tolimin"6f preadfiRal S
process. Unfortunately, using traditional sintering techni ﬂues, reaction

ralt es are | regionsiom the; substrate.y Iywill beirsadilyr appasent to those of ! insthetart; lhgiwever,
ore 1 equen i De eHsAE Sty S BY aBhRA i and BRBEN S, DA dbRIERT tefiies
drive tshe f einvbéidesignéd so that tecregistiveselement coviek v differént Predefined degibhon the
routes, in the present invention, new routes to solid-synthesis tocus on

t he synt hesF%bsg’Pteeonpounds at | ower tenperatures. It has 25 been found

that reaction rates Cﬁra L QGr r r ti
shortening the ‘di stance rgﬁ% réggﬁg%%%m%@orﬁhgegﬁ?h@é ﬁé%g?tg%%’gﬂd} dtlge;l::!rxy
i ncreasi ng bh comporentscdnobe processed detween the various ddivephiteys dFby eganple) ti ng
the reactants on the substrate in the formof very thin-filns or,

al t er nat i vefOmpeRent & aan be delivesed tma Sgstypgionon a substate ands shezpafiar;, exposed to

react S a | Jo\er t ' h r l.ut §.on.
I\/breO\a/lt@tr, wﬁ hdé@y% Whgﬁw%eggé%%ydkﬁl&m%mﬁﬁPgture
rangi ng frodelivered to2the fitst fegidroon tHeOfubStrate amd) thereaftet,t componentseAahd Bcanl be
di ssolve the re g{!‘%nt conponents. This technique [s_generally referred to
as the {1 uxTEeAdMAEEa sl Yepctigmconditions o Yber-manipulations and pEQcessing, sieps

i ssol ve t naAahifled gaF bpidels he fioud Belftywad il Se SRIBARP héde of

carri ed out skildertheartupon aeading diis discloswrer at ure rangi ng from about 100 C to
about 400 C. Moreover,, using the varioug synthetic routes of t r esent

i nvent'Pon, the array @I‘ﬁ“&gc?%m %ﬁ@ﬂiﬁ?@@mtm@%%';sé% g :
depressuri z wﬁﬁge ?regareﬂl f‘eédvaﬁ? ﬂg]@, SoliddX ¥ Odridem ;

addi ti on, iﬁﬂt e synthetiC routes o fT]t? e g&g?slédr%f ‘?ﬁeéﬁ‘?ﬂ’ on, vg??(ﬁ)lagkéhedgsfons
on the subsMuaxe particuldsty, ¢he methbds of dhe presenttinvention can tbenised taiprepare, ffor

exanple, laser thernolysis, wherein byrsts of .ener of a predeterm ned
Gurati on an QARG ASOTEAN Batrals, dHGanetie Snaleiaoeih loys, RHENG: RArals
organic materials, organometallic materials, non-biological organic polymers, composite

-

20 materials (e.g., inorganic composites, organic composites, or combinations thereof), ezc.
Ceramics can be prepared, for instance, by delivering reactant components to predefined
regions on the substrate using, for example, solution based delivery techniques. Once
the reactant components of interest have been delivered to the substrate, the substrate is

~ heated to the boiling point of the solvent to evaporate off the solvent. Alternatively, the

25  solvent can be removed by delivering the reactant components to a heated substrate. The
substrate is then oxidized to remove unwanted components (e.g., carbon, nitroggn, etc.)
from the array. The substrate is then flash heated at a temperature of about 800° C to
about 875° C for about two minutes. Thereafter, the reaction is rapidly quenched and
the array is scanned for materials having a particular property, such as luminescence,

30 superconductivity, dielectric strength, erc. Magnetic materials can be prepared using a
similar process except that in the case of magnetic materials, the components are
delivered to the substrate and simultaneously reacted thereon in the presence of a

" magnetic field.



In fact, in another enbodi nent of the present invention, the predefined 10
regi ons on a substrate can be subjected to different reaction tenperatures
by i ndepermtositis7ieat i ng t he predefined regions using a thi rRCI/US9SHEZIBSti ve
elenment. In this enbodinent, a resistive elenent, such as tungsten, is
deposited on a clean substrate using any @& of the previously described
thin-filmdeposition techniques. The resistive element is deposited, for
exanple, in strips aIMogeovba amoamay of zedlises; d. &of hmwéfﬂlmtbsjafalunmmglm

Each strip is_conpecte oan ectr cal | ea w |s atta ed to a power
appl y. | Thibek SRR, Flctyf BF ot S bF Respera pife $ 86 Hiespretet,

varying t hgnpgiehn. i Te Bf%ﬁé}i ﬂm&msgmefeabmﬂmmm \ﬁhv%ted
mat eri al having a nelting p0| nt |gher than the tenperature at which t

reacti on i $opeedefingd regions ona sybstrate in, thegform of aslutry; sUsing adiosntemperature

cor ani b, | MAnpPEs CE R 700 HifechRinal G b mydlS; e Aok ™ =0
i ndi um dop@dyswnwmﬂ@f olutidn. Iniadtitien), orgnhiy PAbymers cim be Prepired by Hbﬁvﬁﬁn a
copper-ni ckel alloys, platinum.and rhodium.al]oys, alum nuntni ckel allo s

etc. |n sofROnOmEr _mwﬁwfmm&m fined,regicns qm@ersgbstmwa&w

esi stive drholR ERFid 03 i hdihé el Hof pec SiVend OISy . g

i s appl i ed added hﬁdcnrregm on thBisubstidten Thiepolyrherization redvtion i dllowed 3o proceed
descrjbed thin-filmdeposition techni ques The protectjve coati ng S made

fr om ¥ nat aptibthe initiatordis used ppcpsunti th amﬁ%a& ifrsome other magger; he

Sui Labl e mrom SRR Gt &Y Rcidatoh B ' Eiveiken bf BERNE B, o1

sem conducegample, ;mmhoneinamcao,rraterl al s V\:hl ch are good conductors and

I nert. Once the reS|st t has bee dep ed, . .an arra

conponents is generatIE rfsﬂi 0?5&1“%@ e‘\p,foregomg' |
conbi nat i ogwml @% ﬁi@fl& t

il lustrate &E &gll}r‘\étﬁ s&el@gmﬁg b@%@%t tbémggﬁ corrpounds was
generki ed sedctantsican bé srmﬂhndmslysrencmd tmﬂ’omﬂanlehmlmwauenhls\m a;smgles As
illustrated,in resistive ment. 0 an enti C, 0
predef i ned Sy %G%’t%mgﬂﬁﬁqtﬁi%“d%&‘ ﬁ%‘[ ?ﬁdo‘lyomgﬁ'b% _
of skill i giliNg thé rt ¢38'W6be uddgat the resi stlve eI errent can be deposited

In any pattern and, thus, deposition strategies 5 can be designed so
that the resistive el ement covers different predefined regions on the

- VIII. Methods For Screening the Array of Materials
20 Once prepared the array of matenals can be screened in parallel for
" materials having useful properties. Either the entiré array or, alternatively, a section
thereof (e.g., a row of predeﬁned regions) can be screened in parallel for materials
having useful properties. SCanning detection systems are preferably utilized _td screen an
array of materials wheréi_n the density of regions per unit area will be greater than .04
25 regions/cm?, more preferably gréater than 0.1 regions/cm?, even more preferably greate’r.
than 1 re:glon/cm2 even more preferably greater than 10 reglonslcm and still more
- preferably grater than 100 regronslcm2 In most preferred embodrments scanning
detection systems are preferably utilized to screen an array of materials wherein the
density of regions per unit area will be greater than 1 ,000 regmns/cm2 more preferably
30 10,000 regronslcm’ even more preferably greater than 100,000 regrons/cm2 and still
more preferably 10,000,000 regrons/cm2 o -
' Accordmgly, in a preferred embodiment, the array of materials is

synthesized on a single substrate. By synthesizing the array of materials on a single

<



substrate. Furthernore, using the synthetic routes of the present

I nvention, the array of conponents can be processed between the various
del i very stW@86/11838 exanpl e, conponent A can be delivered toPSTHYS98A3XR g on
on a substrate and, thereafter, exposed to 10 oxygen at an el evat ed
tenperature, for exanple. Subsequently, codonent B can be delivered to the

first region 8n t he substrate and, there fther,, co nents, A.and B can be |
react ed undebgraley sqppeningteiasry foF MmaterAs having selyh RFOPETHas; is morg, casily carried

processi ng | Alth é&@e& - e [ Jalc])
steps will ?éﬁ'gppa ent to tﬁ%ggﬁ{) °S #F&{ﬁﬁ%ﬁ,gﬁ up n’réga |%’tﬁ| S
di scl osur e. méchanical, morphological, Apticals imagnetic; gheinicalyeestho Moref partieularly seseful

i nvention, the fqllow terials,can be prepared:. .cqoval.ent networ

Sol s 1 on RORGEY EhidN For ectoieand o1 1:8.sct fopinahle &y il Angmpatesal foud
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mat eri al s, rmet a oys, ceram C terials,
Organic naterials, ordFheopmpetties tistedtinTables] caxobe béreénegi for using goaventional

Comyoct ves. ARG dvicss BB by Sef by B AP oE TR Bt s
i nst ance, bb@vlﬂ&iW&W%&ﬂtf&%@mtsgteﬁ}%;ﬂwmgyﬁ&ﬁ@%u&% o

substrate using, for exanple, solutio y techni qued

react ant codisitesitos thef followingss scanning Raman spectroscopy; scanning NMR spectroscapye
substrgte is heated to the boilin oi nt, of the solyent to.evaporate off
he. softhent ScHRlE PR shrfosomy BARSE o pxami, SislcF ateRiBlBFG g
the react anicufieft) QbsilicForce, AcHRAE MicFosbspy, BhearinkDétress! Rfitrosédpy, Hitkd) Bidt photo

oxidi zed to renmove unwanted conponents (‘€.g., carbon, nitrogén, etc.) from
the array. ¥Keitations eleatrestatic faree micrastopee tunngling induceshphote emissiant midrosgope,

800 C 7/5.C f b ' .. Ih f . th [
o Fapi iy SRERERE fortd icisSiper Bittonal® Rldbidizd fitflce RaBonis sfgfafiot "
particul ar piieRBEdpe, ndHlidear altbraEline2ERER unilling micrBSiopy el field is¥anning

dielectric strength, etc. Magnetic materials can be prepared using a

si mi | a pr ooptical anisroscopy; Anelastict ¢lectranswnnélingaspectrometer,t efc.i; Aiptical: microscopy in
conponent s ' ed . t.o the substrat,e and, siultaneausly.reacted

Chereon i n Plffertl ikt chiiiag 0pRld Enfsffiey B3 HERTRYE ek ophyang and
zeolites, i nfultilapsofilh Gckicss)¢ sémning! Eddy-ournein micfbseopel @lectrofli (diffraétidnyi UM

or both, can be prepared using the nmethods of the present
microscope, etc.

More particularly, to screen for conductivity and/or superconductivity, one
20 of the following devices can be used: a Scanning RF Susceptibility Probe, a Scanning
| RF/Microwave Split-Ring Resonator Detector, or a Scanning Superconductors Quantum
Interference Device (SQUID) Detection System. To screen for hardness, a nanoindentor
(diamond tip) can, for example, be used. To screen for magnetoresistance, a Scanning
RF/Microwave Split-Ring Resonator Detector or a SQUID Detection System can be
25 used. To screen for crystallinity, infrared or Raman spectroscopy can be used. To
screen for magnetic strength and coercivity, a Scanning RF Susceptibility Probe, a
Scanning RF/Microwave Split-Ring Resonator Detector, a SQUID Detection System or a
Hall probe can be used. To.screen for fluorescence, a photodetector or a charged-
coupled device camera can be used. Other scanning systems known to those of skill in
30 the art can also be-used.



invention. To prepare an array of such materials, the reactant conponents
are delivered to predefined regions on a substrate in the formof a slurty.
Using a | owawmemature 5 =~ (e.g., 60 Cto about 70 C) hydrBCIVEs813278

met hod, for exanple, the zeolites will crystallize out of solution. In

addi tion, organic polymers can be preparedSdy delivering a nonomer (or
mononers) of interest to predefined regions on the substrate usually in the

formof a sTABLBL EXAMPBLES QR BPROPERTIES mmmrswmmmn

initiator is.added to ecachreglon op the, Lrate The Juerization
reaction is| arkpYRiEALS proceed 10 until tMabﬁb H{,‘m used up, of
until the rjpaction 1s termnated in sonme other_manner on conpl etion d-
t he pol yrrer zation reaction, the solvent ca rfaml%y for exanpl ¢ 9
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substrate, screening the array for materials having useful properties is
nore easily carried out. Properties which can be screened for include, fof
exanpl e, el swopé/rmys t her mal ‘nechani cal, norphol ogi cal, opti cRCTUAYHIS C,
~chemcal, etc. Mire particularly, useful properties which can be screened
for are set forth in Table I, infra. Any mat8rial found 5 to possess a
useful property can subsequently be prepared on a | arge-scale. The ‘
properties ligsted in Tablle I can be screened Eﬁhﬂpb venti onal net hg
and devi ces KHnown to and used by those of skiFPblnt eaéﬁgﬂ Scanni ng

syst ens whi clf YAANETIGised to screen for the pPERMEAPHIT et forth in Tabl §
I ncl ude, but
spectroscopyw scanni ng NMR spectroscopy; 10 cosfpreRhfbN Obe spectroscof
i ncluding, fgr exanple, surface potentialonetr¥' 5unne||' g current, ato
force, égousdic m croscopy, shearing-stress nt 3ﬁ§ynt?tra fast photo
excitation, d¢lectrostatic force m croscope, tGARALYSI§ i nduced photo

em ssi on nic‘oscope, magnetic force m croscopaypiir@iggave fiel d-induced |
surface harnfni c generation m croscope, nonliﬂﬁgéygkkg nt
tunnel | i ng micr oscopy, near-field scanning 15 ,
inelastic el dctron tunneling spectroneter. et CORROSIONOS EROSIONRESIS]
differeb® wavel engt el psonetry or neasuri ng

di el ectric constant and_mul tilayer film t hi ckness) ;. scanni ng Eddy- current
mi croscope; el ectron (dFBe REERYS wemfsws@}%?%ﬁ bﬂ\&ﬁ'@“’ﬁﬁr*ﬂ'&#ﬁﬁ?ﬁ’» to
screen for copdhGkivdyt M ' ﬁaﬁg i & tHhe ;

fol | owi ng devi ceshgglk’ g‘e use?e a %cg{rflgl? g Eﬂé%is{%gpu g‘lg% ?{/s%;rl'otfelﬁ lgstance, thg
Scanni ng RF/ idrraycofematefinlsi dan fiersgqiientialip tscreefidel fortsoperconducti®ity msingg for example,

Super conduct or s antum |nterference Devjce (SQU D tecijion Syste To
screen for h %%m%&%thwhﬁquﬁ?lOéﬁyf d& %,tg]gémy of
used. Tps SCr gRiledil i ﬁge?co ' Wkampea d Hatpiobe R NY
Resonatgsr Det ect orgg?ﬁge%%agit;e |o#ag§§\?%d§%a§‘e. 25 ﬁle’laused. To screen
for crystal | imagnetic force aierbscopyR-SQIID microscopys ayACasusceptibilityl midroscopecan

for magnetic strength_and .coercivity, a nning, RE _Susceptibility Probe, a
. Scanni ng RF/ W%Vé\?e‘bmpnlﬂ“ﬁﬂ’sﬁ@éoﬁﬁt - Y[g{f@glf GHCTo3cag®, 15 Det ect i on
System or a Hal | probe ggan fe;gfbd_sé‘rﬁﬁ‘ﬁdimieﬂf, af dchiHiifS Gefedon System is
phot odet ector or a charged= coupl evice canmera can be used. Q'her .
scanni ng systesployedovin one embodimeft, the substmteditaving amarray ©of materidls thepeonuised.
52 20 fixed and the detector has X-Y motion. In this embodiment, the substrate is placed
inside a sealed chamber, close to the detector. The detector (e.g., an RF Resonator, a
SQUID detector, ezc.) is attached to a rigid rod with low thermal conductivity coupled to

an X-Y positioning table at room temperature with a scanning range of up to 1 inch and

a 2 um spatial resolution. The position of the detector is controlled using stepping
25 motors (or servomotors) connected to a computer-controlled positioner. The temperature
| of the detector and the substrate can be lowered via helium exchange gas by liquid
helium reservoir located around the chamber. This scanning system can be operated at
temperatures ranging from 600°K down to 4.2°K (when immersed in liquid helium).
In another embodiment, ihe detector is fixed and the substrate having an
30 array of materials thereon has R-@ motion. In this embodiment, the substrate is placed
on a rotating stage (e.g., a spur gear) driven by a gear rack which is coupled to a
micrometer and a stepping motor. This rotating stage is located on a cryogenic sliding
table which is driven by a separate micrometer and stepping motor system. This system
is capable of scanning an area having a 1 inch radius with a 1 um spatial resolution. The
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Using either of the foregoing embodiments, a Scanning RF Susceptibility
~ Detection System can, for example, be used to detect the superconductivity of a large
array of materials (see, e.g., FIG. 13). Using photolithographic techniques, a micro
(about 1 x 1 mm®) spiral coil can be fabricated to probe the conductivity of a sample
adjacent to the coil. The signals are plcked up by a phase-sensmve detection electronic
circuit. Thereafter, the data is analyzed by a computer to obtain a conelat:on between ‘ |
| the properties and sto:chlometry of a given sample If deslred analytlml results can be
fed back to the dehvery system so that the system can "zoom in" on the most promlsmg
stolchlometry in the next synthesis cycle.

- Moreover, a superconductmg microcircuit 1mplementauon of a paral]el LC
resonance circuit can be used to scan the array of matenals for those that are
superconductmg A parallel LC circuit is sxmply an mductor in paralle] with a capacitor.
The electncal propemes of both circuit elements glve the c1rcu1t a resonance frequency
where a maximum amount of mput voltage is transmltted through to the output. The
sharpness of the peak, conventmnally measured by its Q value, is determmed by the
matenals used in the clrcuxt whereas the frequency of the resonance is set by the
capacltance and the inductance. It has been determmed that manufacturmg the cxrcult out
of a supereonducung matenal such as mobmm, gives a very high Q value, i.e.,a Q

“value on the order of 10,000 or more. This is in contrast to eomm_erclally available,
non-Supereonducting capacitors and inductors which generally give Q values on the order
of hundreds. The steep peak of the niobium circuit gives rise to high sensmve detection.

In this system, actual detectxon is done by the mducnon coil. The

| mduclance of an inductor is a functlon of the magnetxc field geometry through its coils.
In the presence of a nearby superconductmg sample, the magnetlc field through the
inductor is distorted by the expulsmn of field by the matenal (l e., the Mexssner effect).
This, in tum changes the mductance and shifts the resonance. By followmg the
resonance, one can readxly determine when a matenal is superconductmg
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PERVEABI LI TY CHEM CAL : “COMPCSI TI ON COVPLEXATI ON
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| MPURI TI ES REACTI VITY W TH SUBSTRATE, CORROSI ON & EROSI ON RESI STANCE 10 The
arrays of the present Mmmw » 4b¢ tatalcircyit §s approximately, 5 mm x 2.5 mm,
alternativel (# ' A .
For ‘1 not ance Viihy i deriv@ A eqial BF Affiokihaly douidt of . THAVHMM £ ifitaF Ebil
super conduct hamng(dunensmnsfofrabemalrﬁl mm percside, i andthe capacitonis(Biwo-plate aiobiym ) -

and el ectron hol o y. ternatively, the arra of materi al s can be
scanned for g‘oﬂﬁﬁ@ﬁ@t‘jﬂiﬁmﬁé‘eﬁéﬁ“%ﬁ& ) BlAgREOMPlESH BaYE:

force mgcr Osﬁﬁﬂé@edw 66&&%}5’10 nkanide& have ﬁé&ﬁ{iﬁﬂﬁﬁl b? noise
m crowave absorptl oh m croscope, y curren. m Cr oscope,

presently prpfesentdn thermsdphmntjunchmcamnhagcﬂnnmg:dmce e&ﬁieepresmt uqumpm,d I n
one enbodi nent, the_supstrate havi a arr,a 0 rigls thereon is 20
fixed and t wesc% eNics 1x upenrymbsred by, np m&f nﬂ%"?ﬂlﬂ‘f’r &%\@, as
pl aced i nsi dgp o] %“ﬂ’%ﬁﬁ

an RF Resonator S gg{%ﬁ%z?%*%?%a#ﬁggﬁiedﬁ?gﬁg rigid rod W|t

| ow t her mal mﬂmmhan spatial resolutien, isca morectitical critérion. ng tabl e at room

tenpergjure with a scapni ra of up to I nc rrj ati.al

resol uﬁb The positi g‘nwﬁlfgb‘? F@gﬁﬁ t%&'e Qwaﬁéﬂ%!fs?‘{ﬁ t@'p?&ﬁ&’mg
detection systems are intended to illustrate, and not restrict, the ways in which the array
of material can be screened for those materials having useful properties. Other detection
systems known to and used by those of skill in the art can similarly be used.

15 IX. Alternative Embodiments
In another embodiment of the present invention, at least two different
arrays of materials are prepared by delivering substantially the same reaction components
at substantially identical concentrations to predefined regions on both first and second
substrates and, thereafter, subjecting the components on the first substrate to a first set of
20 reaction conditions and the components on the second substrate to a second set of
reaction conditions in a wide array of compositions. If a first substrate has, for example,
components A and B on a first region on the substrate and, in addition, componerits X
and Y on a second region on the substrate, the second substrate is prepared in a manner
such that it has substantially the same components in predefined regions thereon. That is
25 to say, the second substrate is substantially identical to the first substrate in terms of the
components contained thereon. As such, in this example, the second substrate would
also have components A and B on the first region on the substrate and, in addition,
- components X and Y on the second region on the substrate.
Once the components have been delivered to their appropnate predefined
30 regions on the substrate, the components on the first substrate are reacted using a first set
of reaction conditions, whereas the components on the second substrate are reacted using
a second set of reaction conditions. It will be understood by those of skill in the art that
the components on the first substrate can be reacted under a first set of reaction



25 notors (or servonotors). connected to a conmputer-controlled
positioner. The tenperature of the detector and the substrate can be .

| ower ed v dealigtgm exchange gas by liquid heliumreservoir pegggeshzarsound
the chamber. This scanning system can be operated at tenperatures ranging

from600[err] K down to 4.2[err]K (when imgersed in liquid helium. In
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phot ol i t hogr aphi c t echni gues, a mcro (about err]) spira COI | can

be fHbri cmmmmmkUMMmbcmmtam&memem acent to the
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desired, anal yti cal result's can be fed back he "del’i very system so that

t he syst eondhefirst @odhseeondosubstnatesrbave beenrreadted; would diffes from ghe first isubstrate

synt hesi s, cycl m.crocircuit
ool omont 5 Mot sybsieate; JFor cxampldy Yok BER gubRedie A SR HaBGle}S SHEEER [
arr a@f of ekwvated admpdraturés) astdle! the lsecund subgiedte ¢dotcproogsedapall.al | el LC
circuit is sinply an_inductor in parall el q\%th a capacitor. The el ectrical

properties of both élmqvekn,é&em@e@m imgnt, he, Figst SubstrtR uency

out put - TRAVEE CoRPRgl £ 1 i BbAF the sltsRie Mot Rinpolefit Y b e oBond

val ue, | sregioreofrithecsubktyate isexposed to a parucular set of reaction conditions (e.g., exposed
to oxygen at elevated temperatures), while the second substrate also having component A

20 on the first region of the substrate and component X on the second region of the
substrate is not exposed to such reaction conditions. Thereafter, component B is
delivered to the first region on both the first and second substrates, and component Y is

- delivered to the second region on both the first and second substrates. Once the desired
components have been delivered to the first and second regions on the first and second

25 substfat‘es, the components are simultaneously reacted under substantially identical
reaction conditions. This particular embodiment allows one to determine the effects
intermediate processing steps have on a particular é.fray of materials. As set forth above,
any of a number of different reaction parameters.can be varied. .

_ In still another embodiment of the present invention, a method is provxded

30 for producing an array of materials varying from one another in terms of chemical
composition and component stoichiometries. In this method, a reactant component can
be delivered to a particular predefined region(s) in a gradient of stoichiometries.
Moreover, multiple reactant components can be delivered to a particular predefined



materials used in the circuit, whereas the frequency of the resonance is
set by the capacitance and the inductance. It has been determ ned that
manuf act uri e ddpagme rcuit out of a superconducting material, pgThSes13278

ni obium gives a very high Q.value, i.e., a Qvalue on the order of 10,000
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I n anot her errbodl ment of the present i nvention, at least two different

arrays of nthereod),ete n pddifion cusefyl proparties inelidey fan exAmple, | cleatrical s theemal,
regions on pRERANGEL heRRRAR, Ac, BEMELE e RBBRTAI T 0T (L0 Bcting the
conponents on the firsyshighthe fotegoing methbd,sé néwtfamily of giant magnetorestive (GMR)
-cobalt oxides has been discovered. Arrays of materials containing different compositions
20 and stoichiometries of Ln,M,Co0,, wherein Ln is, for example, Y and La, and M is, for
example, Pb, Ca, Sr and Ba, were formed using thin film deposition techniques in |
combination with masking techniques (See, Example D, infra, for the protocol used to
generate the arrays of cobalt oxide thin-film materials). Once formed, the arrays of

materials were screened for those materials among them having useful properties. More

25 particularly, the arrays of materials were screened for specific materials having giant
magnetoresistive (GMR) properties, among others. In doing so, materials having large
magnetoresistance (MR) were discovered. Once the materials having useful properties
were identified, additional amounts of such materials were prepared for further analysis.

The compounds in this new family of GMR cobalt oxides have the

30 following general formula: A,.,,M,..Co0O,, wherein A is a metal selected from the
group consisting of lanthanum (La), yttrium (Y), cerium (Ce), praseodymium (Pr),
neodymium (Nd), promethium (Pm), samarium (Sm), europium (Eu), gadolinium (Gd),
terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er), thulium (Tm), ytterbium



20 reaction conditions and the conponents on the second substrate to a
second set of reaction conditions in a wde array of conpositions. If a*
first subswoassershgs, for exanple, conponents A and B on a fipcyusosgs208 on
t he substrate and, in addition, conponents X and Y on a second region on
‘the substrate, the second substrate is pr§gared in a manner such that it
has substantially the sanme conponents in predefined regions thereon. That
is 25 t (Ypleand luteciure (bu)j Mlib st metabselected, fromathe grotyy consistingoaf calaiuhl‘(ea),
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using a sepeodskie! stRictur€ ahth: Some Slijght idistdidion! t Wi || be understood by those
of skill in the art that the conponents on the first substrate can be
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before or after the conponents on the second substrate are reacted un ér a
secodl setPaseodymiumdRr); seedymiym (N@), promethium (Pm), samagiveh (Sm) revcopinmnt ,

opt 1 m ol R SRR (ORF bR IO ARl (DI, FRIMARE P8 eopioth IR0

r eact ant ahuhumi]‘m)eambium? OYMdSl.utechmt(Lo)j Mdsaanetliselected frof ﬂl@rgrbuﬂm‘s
the pressures, at \FI‘?\IEI ch, th reacti ons e carried out, the at m)spheres | n

whi ch t he FOPSISHNg, ), Strepfium (1), hadum (Ba)y {ead, (R)and cadmiunm (Cd);

Appar ont (03 e Engl i ihol 0 %ﬁ%mm.v‘ﬁk%&%ﬁ%&%ﬁe

reacton dorabouf 4mMnhm lIhe scope afthis formuls; certainneinbodimerts aee preferted, namely
conponent Shee niehith moha s valie suneine, o AORD-, R B O Audeceen MO
SIS, el b e 1 B T8
whi |l e the second subBta &lr&lerg)refettequﬂxedmwtheaddmpqmdem&is new family of
anot her as&eﬁi coot];al %e%g?&id }12 ege}ciemlS I‘o t a,tj{,Cooz, ‘wherein M is a.
20 metal selected from the group consisting of barium, calcium and strontium; x has a value
ranging from about 0.1 to about 0.9; and z has a value ranging from about 2 to about 4.
Within the scope of this formula, certain embodiments are preferred, namely those in
which x has a value ranging from about 0.2 to about 0.7 and, even more preferred, are
those in which x has a value ranging ﬁom 0.3 to about 0.5. As mentioned, the
25 compounds in this new family of GMR cobalt oxides generally have a layered,
~ perovskite-related structure. |
In yet another embodiment of the present invention, libraries of
~microdevices, such as thin-film capacitors or thin-film electroluminescent modules, can

(D

be generated using the methods previously described for _gcneraﬁﬂg arrays of materials.
30 For example, a thin-film capacitor consists of two electrode materials separated by an
insulating or dielectric material. An array of th‘in-ﬁlm capacitors can be formed by first
depositing an el_ectiode_-materi_al on each of the predefined regions on the substrate. An
array of dielectric materials can then be generated on top of the electrode surface using



having conponent A on the first region of the substrate and conponent X on
the second region of the substrate is exposed to a particul ar set of
reaction coﬁﬂgﬁ’b’fﬁs(e g., exposed to oxygen at el evated tenp&CHYRIFII278
whi | e the second substrate al so havi ng conponent A 20 on the first
region of the substrate and conponent X on e second region of the
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par anet ers caft thas thrammach as fully applicahledo othen shinrfilm deyficesh sughy assthin-film

varyi ng 1 on PR iteioRt ek, IR adcined, it HE roRuP BeBireRt 1 ok DT
St ol Chi OMet rareShat alty o oE TS Yaousaj @8 Gh A thirt AITR ABARE cﬁiiBelaﬁ Idﬁxﬂéréni) a

particul ar predefi ned region(s) in a gradient of stoichionetrieS. Mreover,
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Thereafter, a second conponent of the first material and a second corrponent

of the secorkptiam of the °tb¢feladéli§osn15d usingthe mathadsof she prasensHinvention; eactsof the
fromtop to ( _ st and second reaction
r egi ons, reslg %‘%W&@"e "' %%W "been delivered to the
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different materials on a single substrate; (b) screening the array for a
mat eri al having_ a useful property; and (c) making additional anmounts of the
material haw&n mp]eéful property. Such materials include, for exanple,
intermetal lic

The following examples are provided to illustrate the efficacy of the
20 inventions herein. |

A. Synthesis of An Array of 16 Copper Oxide Thin-Film Materials
This example illustrates the synthesis and screening of an array of copper
oxide thin-film materials. The reactants were delivered to a 1.25 cm x 1.25 cm MgO
25 substrate with a (100) polished surface. The substrate having 16 predefined regions
thereon was contained in a reaction chamber in vacuo. The reactants were delivered to
the substrate in the form of thin-films using a sputtering system in combination with
binary masking techniques. The binary mask was made of stainless steel. A RF
magnetron gun sputtering system was used to deliver the reactant components to the
30 predefined regions on the substrate. The RF magnetron sputtéring gun (Mini-mak
manufactured by US, Inc., Campbell, CA) used was about 1.3 inches in diameter. With
RF input power (supplied by a Plasmtherm-2000 with a matching network) of 50 to
about 200 W, deposition rates ranged from about 0.3 A/s to about 2 A/s for the five



materials, netal alloys, ceramc materials, organonetallic materials,
organic poI ynmers, 15 conposite materials (eg., inorganic conposites,"*
organi C CugssiigfRS, Or conbinations thereof), etc. In addi tpoMusssiskis
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was employed, the vacuum was broken and re-establishéd each time the component was

- changed. The film deposition thickness was monitored using a crystal micro-balance
20 (STM-100 by Sycon Instruments, Syracuse, NY). Since the position of crystal micro-
balance was not located at exactly the same position as the substrate, it was necessary to
calibrate the thickness mionitor reading for each component with a pl_'oﬁlometer.
The reactant components were delivered to the MgO substrate in the
following order: ' Bi,0;, PbO, CuO, CaO and SrCO,. The stoichiometry was designed
25 so that each of the five components was present in equal molar amounts, i.e.,
- 1Bi:1Pb:1Cu:1Sr:1Ca as deposited film. The total thickness of the film was about 0.5
um for a five layered site. The thickness of each of the individual films as well as the
sputtering rates at which each of the components were deposited are set forth in Table II,

supra.



(Eu), gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmum (Ho), erbium
(Er), 4 thulium (T, ytterbium (Yp) and |utecium (Lu);

sel ect ed f r Y {61138 oup consisting of calcium(Ca), stronti un??g@)sgﬁ%arl um
(Ba), lead (Pb) and cadm un-(Cd); x has a value ranging fromabout 0. 1 to
about 0.9; and z has a value ranging from about 2 15 to about 4. Wthin
t' he scope of this fornula, certain enbodinents are preferred, nanely those
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cobal t oxides have t H&XMESowi ng general fornula: [err] wherein Mis a. 20
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val ue rangi mg fromOﬁao about ¢. 5. As magyog.\ned t he 25 conaqkysde in

this new fa cobartoxidesgenerar -y Tave a1 4yer ed,
perovskite-qel ated stQu@ture. In|yet anot h340 Anbodi nent |of t he drAiSeat

i nventi n, frbrarres m crodevi|ces, suchlégadj hin-111 mlcapaci tgr&@p

thin-ft4 m el les. can qnerated Wsing th ods
previ ously g¢escri bed éﬁ generatijng arrayszﬁ gmat erials) 30 EOA/ﬁarrpl e,
athin-fil cltaor consictc o twn I

insulating or dielectric material. An array of thin-filmcapacitors can be

formed by first depos'mwha%oﬁipaﬁéﬂtpeﬁﬂfawwae daﬁveﬁahoqﬁe%q;rmemeal ned
regions on the substrate. An array of dielectric materials can™ then

generat ed omegions on thersubstratetasdliusteated icElGis14ythe sutswratehwasplacediin a furnace

Gopost 1oa AR he Ffoerehun WEee pbinintf Yetea RiCioLS B Bhoudiiaah 3t e 38 o

cont ai ni ng qscaxff&ﬁhﬁaémﬁb@idafanrme 1728 &1l 211,255 'M20 substéaté.n Theajdler dfodaeR at
each of the predefined regions on the substrate, the performnce of the

various di els#eis the natursl calor of mflected Jight fransa whitsalightisource at an apgle: cThed

and optirriz | rt that
thi s approa mpg}x?r‘ﬁ% f’%ﬁb‘ﬁi@gﬁ“\é‘f@%ﬁ@% '\% %?&iﬁ%ﬁgew @& &Qﬂm
thi n-fil m elpgsdediatey NSO CECRT25?C lth 2/kr., 725 aGtot820MC fid 1\hrl |8209°CQ6(8140Y’C in
apparent to those skilled in the
0.5 hr. and 840 °C to 750 °C in 0.5 hr. Once the substrate cooled to a temperature of
about 750 °C, the power was turned off. The heating and cooling procedure was
performed in ambient atmosphere. No apparent evaporation or i_nelting was observed.

Once reacted, each of the 16 predefined reaction regions was screened for

resistance. In doing so, it was found that two of the predefined regions contained

25 materials which are conducting. Contacts were put on these two sites in in-line 4-probe
configuration, and it was determined that the contact resistances are less than hundred
ohms (). Thereafter, the sampies were cooled down to 4.2°K in a 'liquid helium
cryostat to measure resistivity as a function of temperaturé. Factory calibrated Cernox™
resistance temperatine sensor (LakeShore) was used to measure temperature. FIGS. 16A

30 and 16B shows the resistance of the two conducting materials as a function _of
temperature. The BiPbCuSrCa material has a metallic conductivity (resistance decrease
with temperature) from room temperature down to about 100°K, whereas the BiCuSrCa
material has a rather flat and slightly upward temperature dependence resistance.




art that any one of the various-layers in a thin-filmdevice can be an
array of different materials at the sane or different stoichinetries, ot an
array of womenagm material at 10 di fferent stoichionetripeTrosésisosr ,
the order of the various layers can be varied (e.g., the electrode nmateri al
in the thin-filmcapacitors can be deposig2ed on either the top or bottom of
the other layers. Thus, using the nethods of the present invention, each of
t he | ayer SSupercanducting m'iucalmm«'ﬁ)(fan bbth samiples avecabout 1009K. Evrdenee
under st ood t hose o art at_the foregoin

di scussi o€ rsé‘mmﬁ'ﬁ’%f' ﬁ“?’éﬂﬁmeﬂhg@s @?ﬂgm?"c rout es,
screeni ng nethods, etc. are ful I y appl I cabl e to the above enbodi nents of

t he present i nvent i on. X Exanpl es The foI I owi ng exa Dl es_are prOV| ded to
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Arraye of 16 Copper % g Thi -, ‘ atb Th| exawf ‘ trat es the
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with a (100) oI | sh surface The ‘substrate havi ng 16 predefined regions
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nmade of si@ilQ®ese witle Alr-asAh&Bputtesinggasd lmqhtesrweae 05186 «m\sﬁs Filfid to
deliver the reactant conponents to the 3 predefined.regions on the

subst® at e depositioa-thigkness was, mopitored w!gagm.sqlmmmmmdmbbm@d by US,

pover CooBEpbrel SR e i BB W, 10

~about 200 apj 5% rovef eHinch iigtleter agaaNEO Qn%F/&fstil@wiiM(lOO)A/ s for
the five. 60 d|f erent react ant conponents.. The etron samayer was
posi t i one@olishedtsurface, were Headas subgtvates ard Cuds (B Gall. jweye of

ggﬁ?fleﬁ ?gg%ias W&%& Ar anm%éasa%%ﬂg\?{mwgng v§¥v§s

and 15 f f eoverlaying pprimary phiysicalghask comtaining J28¢(1\a2vem) holea svittea seressof
wee about sesopdarycmagks FIOTRD. et Bodchs SuBR-e ebpl o SerEts o AIABIIN T 0t he
chanber \pgediPddiré We?@'splﬁte’i’&i through the appropriate binary mask in a stepwise fashion. Up
to six identical 128 member hbranes could be synthesrzed slmulmneously and processed
under different conditions. In a bmary synthesxs, 2® compounds are formed for a given
20 number of maskmg steps (m) The array contains all combmatrons that can be formed
| by deleting one or more steps from the entire deposxtlon/maskmg sequence. Additional
maskmg schemes can be used to generate other hbranes, eg.,a hbrary consxstmg of all
quaternaty compounds denved from a group of ten precursors
As mentioned, a 128-member hbrary was generated to examme the effects
25 of storchrometry and deposmon sequence on the propemes of the BtSrCaCuO films. The
hbrary was generated as follows: 1, Bl, MO; 2, Bl, Ml 3, Cu, MO 4, Cu, M2; §, Cu,
M3; 6, Sr, MO; 7, Sr,MS 8, Ca, M6; 9, Cu, M4; 10, Ca, M7, wheretheﬁrstentry
desxgnates the deposition step, the second desrgnates the element and the third desrgnates
the mask (see, FIG. 18). The molar storchxometry for &ch layer was 1:1 relative to Bi
30 (which was deposited as a 300 A layer), with the exception of steps 3 and 5 in which the
Cu:Bi ratio was 0.5:1. The library was then sintered at 840°C in arr The heatmg and
cooling procedures were: 50°C to 725°C in 2 hr., 725°C to 820°C in 1 hr., 820°C to
840°C in 0.5 hr., 840°C to 750°C in 0.5 hr. The entire heating procedure was



a residual gas analyzer (M cropole Sensor by Ferran Scientific, San Diego,
CA) directly up to 15 mforr without differential punping. The reactant
conponent s woesb/agrsgenerate the array of copper oxide 10 NPCHUSNV132T8er e
as follows: CuQ [err], CaQ 'PbO and [err] CQuO was“used as the base el enent
in an effort to di scover new copper. oxide rg3erials and, thus, this
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substrate. Rerformed inlair vaappaﬂehEevapommmr roélting twasabisenved. [Ehepresidtance ofi
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stoi chi orretry was desi gned 25 so that each of the five conponents was

presentOin dadafu.neEarBifnGacnQ ratioscof 2,204,41and.2,2:4, 3, showed a:k1 (T K phase e d
fil The t t th t 0.5 f fi
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sputtering rates at which each of the conponents were deposited are set
forth in Table I1, supra 61 TABLE I I DEPOSI TI ON THI CKNESS AND
SPUTTERI NG RATE SynshesisnpenAray of I8 e Oide-Thin-Hif !
OXI DES 5 Component taining BiSr(at _-,; idoYBaCiuQ\Supesconducti
[rer] 15 1200 A 2 A/Sec PbO

970 A This ekafipld/ ifl@strates the synthesis and screening of a 128 member

library consisting of different combinations, stoichiometries and deposition sequences of
Ba, Y, Bi, Ca, Sr and Cu. The library was generated by sputtering target materials
through physical masks using an RF magnetron sputtering gun. Sputtering was carried

20 out at 10° to 10 torr with Ar as the sputtering gas; depositioh rates were 0.1to 1 A s,

- Film deposition thickness was monitored with a crystal microbalance (STM-100 by Sycon
Instruments, Syracuse, NY) and calibrated independently with a proﬁlemeter. The
uniformity of the deposited films varied approximately 5% over a 1 to 2 inch diameter
area. MgO single crystals with a (100) polished surface were used as substrates and

25 - BaCoO,, Y,0;, Bi,0;, CaO, SrCO; and CuO were used as sputtering targets. The library
was generated using a non-binary masking strategy as described below.

The 128-member library was generated to examine the effects of
stoichiometry and deposition sequence on the properties of the BiSrCaCuO and YBaCuO
thin-film matenals The library was generated as follows: 1, Bi, M1; 2, Cu, M2; 3,

30 La, M3; 4, Y3 M4; 5, Ba, MS; 6, Sr, M6 7, Ca, M7, where the first entry designates
the deposition step, the second designates the element and the third designates the mask
employed (see, FIG. 20). The thickness of each of the individual films was as follows:
Bi,0,, 1000 A; CuO, 716 A; La,0;; 956 A; Y,0;, 432 A; BaCO;, 1702 A; SrCO,, 1524
A; Ca0, 635 A. Following low temperature diffusion (~200-300°C), the library was




CuO 540 A 1 A/ Sec 10

Sr CO3 1650 A 3 Alsec CaO .
720 A = WO096/11878 3 A/Sec Once the conponents of i nPeTmRs$s/13278c

delivered to the 16 predefined regions on the substrate as illustrated in
FIG 14, the substrate was placed in a fudnace, 15 and the conponents

wer e subsequently reacted. FIG 15 is a photograph of the array of 16
di f f er ent sintered At #4036 inlambiemt mtmposphere. 2 The heating mdoemlmgeproaahureusdrwas
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observed. gbserved.cact ed, each of the 16 predefined reaction regi ons was
screened for resistance. In d0| ng it was found that two of the

predefi ned regions ofrﬁbeémimeﬂne%neaw wasn sereenedgfor cont act s
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cryo { sure resis IVIt as a function of te erature Factor
cal i H at eﬁfigﬁi wﬁwm enset & of about Kume@ta/ely

nmeasur e t? ﬁéuﬁf) FI GS. 16A 30  and 16B shovvs the re5| stance of the
two conducti hg materials as a function of tenperature. The Bi PbCuSrCa
material has a netallic conductivity (re5| stance decrease with tenperature)
fromroomtenp 0 Bi CuSr Ca

mat eri al has a oSy & dependence

resi st ance. 62 S. < cod Etdl &fs' %m&ﬁmw%%aﬁg{]op%&k

sanpl es are about 100[err ence of“two supercondu ases I n the
resik¥ivi mded&hﬂ)ethinﬁﬁlmmtermls ofi‘herrew&ntswe@delhcmdstooz 5/m Ar2.5cmof 128

Che synt h ALy sibstates i, (100f palished syeimers. Thessuspates 1 0, 175 erpdiner 2‘? ont
et et s o, T 1,
delivered to the substrates in the form of thin-films using a sputtering system in
combination with non-binary masking techniques. The masks employed were made of .
20 stainless steel. A RF magnetron gun sputtering system Was used to deliver the reactant
components to the predefined regions on the substrates. The RF magnetron sputtering
gun (Mini-mak manufactured by US, Inc., Campbell, CA) used was about 1.3 inches in
diameter. With RF input power (supplied by a Plasmtherm-2000 with a matching
network) of 50 to about 200 W, deposition rates ranged from about 0.3 A/s to about 2
25  A/s for the various reactant components. The RF magnetron sprayer was. positioned
about 3 to 4 inches above the substrates and the uﬁifor-mity_ of deposited film was about
5% over a 1 to 2 inch diameter area. The sputtering gas flow (Ar or Ar and O,) was
controlled by metering valves and differential pumping through a manual gate valve. To

. achieve a high deposition rate, it was determined that the best pressure range was about 5
30 to 15 mTorr. The partial pressure of each gas component in the chamber was monitored
- using a residual gas analyzer (Micropole Sensor by Ferran Scientific, San Diego, CA)
directly up to 15 mTorr without differential pumping. .



physi cal masks using an RF magnetron sputtering gun. Sputtering was carried
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step, the secaond designates the elenent and the thi rd desi gnat es the mask

(see FIG 16 to 198 Tasr by 25230 L4si turhe: pymp gnd.cthereaftes; 4t Mﬂ&‘!&ﬂ@to

teps 3 and 19" TOUG ARG Xipp0E] ooy e fn cOElnayo vk f"**@"g?“yf ;’%Eﬁ?‘h

stt erlecci: at @gﬁ?&rrqogomﬂogt lsmmzhgaidengﬂ angwkﬁma r?m z%%ggc
50[err to 725[err In r 725C to err ﬁ r er to

840[ertJ C i ﬁymwasemplm@rmpmmm rp
d
Pas obeer vesompradtt 8 GBRIRS frile Hif o %ﬁﬁg?‘lﬁ@%@ﬁ qﬁ@?‘ﬁg&aﬁﬂ%‘i il

cont act prObﬁcrdﬁalafi&e\(ETM-lw/\by swailnsu-hmutsssm tN\YS) Bi CuSrCaO film
shown in FIG 19A showed netallic behavi or \QH set m 8f OK and 90K
This is in contrast tolhereactant components were 1ve to the 10, substrates in the
_ following order: Y,0;, La,0,, Co, BaCQ,, SrCO,, CaO, PbO, Co, Co, L3,0;, L3,0,, .
20 Y,0;, and Y,0;. The total thickness of the films was about 0.4 um for a five layered

site. The thickness of each of the individual films is set forth in Table III, supra.



5 t he behavior of the BiCuCaSrO filmfound in the sixteen nenber
library. Qther films were also found in the 128 nenber library, having

i denti cal WO86EW™®netries and different deposition sequencePCINURIS/13S
distinct resistivity versus tenperature profiles, e.g., Bi CuSrCaCuCaO and
Bi CuCuSrCaCaO (FIG 19B). This result sudests that dlfferent phases may be
accessi ble by controlling the deposition sequence. F| | ms, wth excess Ca 10
and Cu, e. Bi SrCaCuO ratios of 2:2,4.4 and 2,2, 4,5, showed a 110[err] K
ohase. " corntABLE il BEPOSETICN SHICKNESS AND, SPUTEERING.RATE FOR THEY of
128 Copper Oxide Tmamumwmmmmmrmw QFICOBALTO

Super conducting Mat@KIBPES 15 Thi-s exanple illustrates the synthesis and
screefing of a 128 rrenber I i brary consisting of different conbinations,

stoi chionetries. and *"**""""“"*"'**“"*’—-;rf"*“'~—~77*Vﬁr d Cu. The
library was ~generat} d by sﬁumpenexng targ=t nﬁepusmbm'miulmas;h ph si cal nmasks
using an RF rragnetr o . Ny Was carrred 2o out at
[err] to [err] torrW|th Ar Xsoahe souttnrlnq gas.24§. dbosi ti-on rihtes were

0.1to 1l Aferr] Fi mdepos| ", t hi cknefs was nony erd with & crystal
m cr obal ance (STM ;“ a ave i NY)—and dhl i brated
| ndependently with B profllongg,er . The u1|formtqus Ahe deposifed filns
vari ed approxi nat el ¢ v ' MyE-9| ngl e
crystils with a (10p) poI |-sMQ,urfaCe vkre used eﬁﬁOs&lbstrat es fand- 25
[err]and CuO were uped as SpULIering tarpets. Tne Jrbrary was O ner at ed .
usi ng a non-bi nary fmski ng shpgsegv as_described: 5@3 .__The 128t nenber
library was generatd to exal pe the effects of -st,akg |onetry [ d
deposi ti on sequencejan-the sYatatat= ~Y~Ea he BRI 20dt _and YRadO t hin-fil
materials: The |ibr Ary was gmgrated as follows 346% M '2, , M; 3,
30 La, M3; 4, Y '

; the first

U v-

entry designates thf dep05|t|@n step, th|e second d@Sl)gnat es th el enent and
thehH;i rd desi gnat df The mask_enployed (Eee,: |—| G f” . The tngkness of
eac f the indivi dua Lo YRs 3 ol | lows: 200 A, cuoll 716 A
[err] 956 A [err] 32 A [efh 1702 A [err] 1524 ACaO' 635 JJA. Fol | owi ng
| ow tenperature diflson— 208300l g | 64 sintered

at [err] in ambientf at rmsphqgg;ogThe heat| ng' andcgmﬁlpg pr oced Ir e used was

20

Once the components of interest were delivered to the 128 predefined
regions on the substrates, the substrates were placed separately in a furnace, and the
components were subsequently reacted. The components in Library 2 (1.2) were

25 simultaneously reacted using the following heating and cooling procedure: 200 °C to
300 °C in 12 hr., 300°C to 650 °C in 1 hr., 650 °C to 850 °C in 3 hr., 850 °C to 900
°C in 3 hr., and 900 °C to 400 °C in 2 hr. Once the substrate cooled to a temperature
of about 400 °C, the power was turned off. The heating and cooling procedures were
performed in ambient atmosphere. No apparent evaporation or melting was observed.

30 The components in Library 3 (L3) were simultaneously reacted using the
following heating and cooling procedure: Room Temperature (RT) to 200 °Cin 1 hr.,
200 °C to 350 °C in 15 hr., 350 °C to RT (system shut down and the substrate allowed
to cool to RT), RT to 650 °C in 2 hr., 650 °C to 740 °C in 13 hr., 740 °C to 850 °C in
1hr., 850 °C to 900 °C in 3 hr., 900 °C to 650 °C in 0.5 °C hr, and 650 °C to 250°C



as follows: 200[err]C to 300[err]Cin 12 hr., 300[err]C to 700[err]Cin 1
hr., 700C to 750C in 2 hr., 750C to 840[err]Cin 0.4 hr., 840[err]C to 840C
for 1 hr., DXD96A1BT8C to 560ferr]Cin 1 hr., 560Cto 250[err]C]’C'M395113278
.After 6 hours at 250[err]C, .the power was turned oif. The entire 5

heating procedure was performed in air. No6dpparent evaporation or nelting
was observed. Once reacted, each of the 128 predefl ned regl ons was screened

for resistad®@ hrrhOnee thesyubstrate ¢poled 4o atemperasire af SCnthespowerovas

the YBacuo s otk Tk heatd i Ricling Broliirestiig ptoried B B Bicrd Bmberfi
Tc's of abolNo Eﬁimm] paﬁnﬁﬂbﬁmdtﬁxgrmbbs&vedel y (see FIG 21). D-' :
Synthesis of Arrayd of Cobalt Oxide Thin-film_ Materials This exanp

illustrates the synt hd2nos rgagted;,each of the 428 pradgfined,reagtiom regiams in ﬂ19>1+2da,nd

(CoO tdhin I 5 C
Lorr] ber 2 ErREe el sirperled ok GG MRl it (ONTRE abdhiafs, “THE iy F
predefined eagi sample lasacfunctiver of magdeticnfield] perpendiculir tonthe peobing current) g
The reactants were delivered to fhe substrates in the farmof thin-filns

usi ng a spuffTBPETRYIS Wmﬂﬁmmweﬁlﬁawmmmgm controlled

ﬁniggglt ?gﬁsgun s-‘ﬂ?@e%?l ng sy gﬁggé.%gdp&%ho&eﬁ%aﬂ elcorré\orlfgnt.s

to the pr edsﬁperaﬂnduegng)mz Teslat(T) ntagnet (mamractited b?Hammh G@.ut[ﬁca; i ng

Pnchestd n NBEREon MAY W haed o peSticia YDA fepipeEins am0fld FRARSVESOS, 1
oo ) 19, FEGY28 5hod gt b s traleld wSRIERL Ry 1 SBAORY o i,

RF magnet r otheshlack;esolidecircles<in tFIGn 23 indicates $hase samples ivdnclabxiubn%a significant

substrates t rmty of deposited fil mwas about 5% over a 1 to 2
i nch di anet%@?;%?ﬁgo utterl ng gas flow (Ar or Ar and 02) was

control l ed by neteri ”@r&ﬁ'!’ﬁﬁ ?éqt £ 4ot Pitatla Mﬂﬂ@ / o Gk Mﬂ@

gate valve. To achieve positron rate, 1t was
best @dSessucebaltoxjde \hasbedmdmccﬁreml The oomﬁomiﬂsrm this lnewpfnrmlyad)f Gmsubait of

anal yaor (vPERgS Bree e toliowing seaeral Srudinr: ApiaMbetAOn WhGSICA)S APl |y up
to 15 nilorr saedted font tHef groBp comdistitg 6F lﬂﬂthanum‘iﬁa), yttrium (Y), cerium (Ce),
praseodymium (Pr), neodymium (Nd), promethium (Pm), samarium (Sm), europium
(Eu), gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er),

20 thulium (Tm), ytterbium (Yp) and lutecium (Lu); M is a metal selected from the group
consisting of calcium (Ca), strontium (Sr), barium (Ba), lead (Pb), thallium (T1) and
bismuth (Bi); y has a value ranging from about 1 to about 2; x has a value ranging from
about 0.1 to about 0.9; and z has a value ranging from about 2 to about 4. The
compounds in this new family of GMR cobalt oxides generally have a layered,

25  perovskite-related structure.

In a presently preferred embodiment, the compounds in this new family of
GMR cobalt oxides have the following general formula: A, M,CoO,, wherein A is a
metal selected from the group consisting of lanthanum (La), yttrium (Y), cerium (Ce),
praseodymium (Pr), neodymium (Nd), promethium (Pm), samarium (Sm), europium

30 (Eu), gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er),

~ thulium (Tm), ytterbium (Yp) and lutecium (Lu); M is a metal selected from the group
consisting of calcium (Ca), strontium (Sr), barium (Ba), lead (Pb) and cadmiun (Cd); x




The reactant conponents used to generate the arrays of cobalt oxide
materials were as follows: [err] [err]. The libraries were generated as”
foll ows: wp9g/1188; 2, La, M2; 3, Co, M3; 4, Ba, M4; 5, Sr, NEX/UDSINI8 Nb;
7, Pb, Mr; 8, Co, MB; 9, Co, MD; 10, 5 La, MLO; 11, La, M1; 12, Y, M2
and 13, Y, ML3, where the first entry deé8gnates the deposition step, the
second designates the elenent and the third designates the mask enpl oyed

(see, FI dwayaluecmasgmaheutt% tp abeut).8,ymere prefembly; 10:2 to 07 and; avenr

o7 oper t 1 ool Eetely) 03 0% Bl s RS ER b 8L 2 ErQRhAE. |

predefined regions QMorebeers fiom FIGe23,. it appatent thatt sontkeof thesd bebaltexide
conmponent of interest to_ the predefi ned regions_on the substrates, the base

ai r pressCRMPRMdS have the-formula; nEanM.Ceds, Wharein M is;p member selegted Srom the

t o alout 0 |t
12,7500 BShflch okt 6 cloSk s v 3 ¥ & i U o
conbi nat i muumwahamem ingfror abou? te Abodtss. Mﬂabapéctlte(iﬁes‘e

150[err]C. Since only a si ngl e RF magnetron gun sputterj n% Jomi. syst em was

enpl oyed, cobalt axide comppunds; ¥1was. dgtermined:thah the; prefesred malar | -@oFpihent

i or obal oitewt Defiq 4ue 60P R34, ViR oteIRBRIII ol B4 B Rt U3 TheZ Y2 B
conmponent ﬁoﬂﬂﬂe@lﬁiagnmstancémf {-epres]enaﬁbe samples as a fuheticnodf magmegicficldr

[err CaO _PbO Co, Co, , Y203 nd Y203 The total thickness
of fe fiatfixedtsmpsrayre C(G& F‘érﬂfflﬂ'm 1&3659&6@93&%| dBe temperalre kness of

i oepoef PO g kb s Yo Mo el e LA R

GENERATE mmmmaﬂst@ﬁmmmwmm. In contrast tolthe behdviamof
Thi ckness [err]

Co manganese (Mn) oxide fagngtoresistant (MR) t%;ira]s (Jin, S., et al.; dppl; Phys. If’e?to A
600 A 66:382 (1995)), it has been found that the MR effect increases as the size of the alkaline
15  earth jon increases (see, FIGS. 24A and 24B).

. The MR effects of the samples in L2 are larger than those of L3,
presumably due to differences in oxidation resulting from slightly different thermal
treatments. The largest MR ratio measured in this library was 72%, obtained for sample

- L2 (15,2) at T=7K and H=10T. This value is comparable to those measured for films.
20  generated in a similar fashion in a2 Mn based library. ‘As with the manganese containing
materials, optimization of composition, stoichiometry, substrate and synthetic conditions
may lead to increases in the MR ratio. The corresponding Y(Ba, Sr, Ca)Co compounds
show, however, much smaller (<5%) MR effects.
Three bulk samples with the stoichiometry La, ¢;(Ba,Sr,Ca)g 355C00,,
25 wherein z has a value of about 2 to about 4, were then synthesized (sintered at 1400°C
in air) for further structural study. X-ray diffraction patterns (FIGS. 26A-C) show that
the crystal structure is basically cubic perovskite with lattice constant, a, equal to 3.846
A, 3.836 A, and 3.810 A for the Ba, Sr, and Ca compounds, respectively. The minor
splittings of the intensity peaks are attributed to rhombohedral distortion from the perfect
30 cubic perovskite structure (see, Askham, F., e al J. Amer. Ch_em Soc. 72:3799
©(1950)). - | '- -

In addition, a bulk sample of stoichiometry La, 5481 4,C00,, wherein z has
a value of about 2 to about 4, was synthesized and its magnetization was measured with
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55 A [err] WO96/11878 245 Aferr] o PCPNSIMY 3
122A [err] ' @t 245 A 20 Once the“conponents of interest

were delivered to the 128 predefined regi o9 on the substrates, the
substrates were_placed separately in_a furnace, and the cogonents wer e
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fol | owi ng haay anajysis of this Isamplepconfienied ¢he Eubicrp@ravskiteastructureRiith ac=2082 A.
[err]Cin 1 hr., 200 [err]Cto 350 [err]Cin 15 hr., 350 [err]Cto RT
(system shut down and the substrate allowed to cool to RT), RT to 650
[err]Cin 2 hr., 5@ : ' 4 4 C to 850 [err]C
inlhr., 850 [erf[CTO 900 TerrjC 1T AT ., O fJerr]Cin 0.5
[err]C hr, and 650 [erTHifexampleGllustrates the possible synthesis Ofiap artay ofultsdifferent
cooled to a tenperature of ahqut 400 [er(](C, the power. was turned off, The
heati nt and ?R@Y&%&Mé&%@b&?ﬁ%@ﬁ&ﬁfﬁmﬁ agﬂhﬁg‘ﬁﬁﬁr A 3gm x

apparent evangh sublstrife! Havitig %ﬁ;ﬁg@ﬁﬁ?’g&m@ﬁéﬁeﬁ@%ﬁﬂm%ﬁ% id)epdd

predefined reaction regions 1nt a | brari es was scréeened

for gi‘ ant nofthe predefinediregiqnSRB max 2 8i mhsx STne and; i thus,\the yohimecof-eachanpl e
ti tic fiel di cul th bi d
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controll ed move to adjacent regions, 35 puL reaction volumes will be used.

15 A 2 M solution of the styrene monomer in toluene and a 2 M solution of
acrylonitrile in toluene are used. The initiator used to initiate the polymerization reaction
is benzoyl peroxide. A 70 mM solution of benzoyl peroxide in toluene is used. The
initiator is present in each of the reactions at a 10 mM concentration. The styrene,
acrylonitrile and benzoyl peroxide solutions are delivered to each of the 16 predefined .

20 regions on the substrate using an ink-jet dispenser having three nozzles. The first
nozzles is connected to a reservoir containing the 2 M solution of styrene in toluene, the
second nozzle is connected to a reservoir containing the 2 M solution of acrylonitrile in
toluene, and the third nozzle is connected to a reservoir containing the 70 mM solution
of benzoyl peroxide in toluene. The initiator is delivered to each of the 16 predefined

25 regions only after the monomers have been delivered.

To generate an array of 16 different polymers of styrene and acrylonitrile,
the reactant amounts set forth in Table IV, infra, are deliv:red to the 16 prédeﬁned
regions on the substrate. Once the monomers have been delivered to the 16 predefined
regions on the substrate, 5 uL of the 70 mM initiator solution is added. The

30 polymerization reaction is carried out at a temperature of about 60°C and at ambient
pressure. The reactions are allowed to proceed until the terminator is used up. Upon

completion of the polymerization reaction, the organic solvent is removed by evaporation



mul ti-channel swi tching system A liquid heliumcryogenic systemwth a
superconducting 12 Tesla (T) nmagnet (manufactured by Janis Research Co.;

I nc., 10 wo9é/ihs78i ngt on, MA) was used to performvariabl e tpopesssises and
field neasurenents. FIG 23 shows a map of the libraries and the
stoichionetry of each sanple. In additiopy the black, solid circles in FIG
23 indicates those sanples which exhibited a significant GWR (>5% effect.
From FI G ir29gcuiot (108 Topr)ar Eie reshiting pobymersaan Ibe sofeefiddforchardiesk usings for on 15
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This example illustrates a possible méthod for the s‘y’nﬂiesis of an airay of
different zeolites. The reactants are dehvered toa’9 cm x'9 cm Teflon substrate having
16 predefined reglons thereon. The substrate is placed in a sealed container having a
30 temperature of about 100 °C.- Each of the 16 predefinéd reégions on the substrate is a 1
 emx1cmx2cm well. The reactants are delivered to the substrate using a automated



and z has a value ranging fromabout 2 to about 4. Wth respect to these
particul ar cobalt oxide conpounds, it was determ ned that the preferred
nmol ar fractWwe96/1828, x, is about 0.2 to about 0.7 and, even RGIASIS/I3278
preferably, about 0.3 to about 0.5. The nornalized nagnetoresi stances of
representative sanples as a function of maghetic field 10 at fixed
tenperature (60 K) are shown in FIGS. 24A and. 24B. The tepperature
dependence of the resi Thekive componentsased tojgoncrate the 31z of esnlites are as follows:
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G. Synthesis of An Array of Copper Oxide Compounds 'Qm' g Spraying

Deposition Technigue

This example illustrates the synthesis of an array of copper oxide

compounds using spraying deposition techniques. The're.actants are delivered to a
1.25 cm x 1.25 cm MgO substrate having 16 predefined regions thereon. The reactants
are delivered in the form of thin-films using a sprayer in combination with physical

30

masking techniques. The sprayer used in this example is a Sinitek 8700-120MS

ultrasonic sprayer. At a water flow rate of 0.26 GPM and a frequency of 120 KHz, this



exanple, a nanoindentor (sharp tip). [err] 25 F. Synthesis of An Array of
Zeolites This exanple illustrates :a possible:method for the synthesis of an
array of di Wa9611B7&colites. The reactants are delivered to aPOTHS$IS(17&m
Tefl on substrate having 16.predefined regions thereon. The substrate is

pl aced in a seal ed container having a 30 7% enperature of about 100
[err] C. Each of the 16 predefined regiaons on the substrate is l.cmx 1. cm
X 2 cm wel | . SPTANET (CaR EEReFAS penedling SpIaYIng Pattemoist W%mde a gropjetdiametsiof o

pi pette. fg].d{*snil ve conponents used to generate the array of zeolites
are as follows: [err] KOH, e[rr] NaOH and H20. The first four conponents
are dissol ved in wat er The fourrconponents ased inf this &anigle fo géndritedhSarhy afid 11. 1

P et mari o NG, oS CahBh 15 TG Tt rimrens
T r i v8 " AR MisbERAPlEr B Gnfleleatng b 008 Mic2 BECINIalE S BEGGAS Ay ! o

conponent s EhecpHeufrthe Bi(N®;)¢solutior s apautdp9i dnalefivering thecrdactants sotheon t he
i or o5t 1 uct GREISIUIeAJegions, o e FUtREale, 1t S SIPAEA o GO LR 17w oo, e SBYes,
substrate artd ok B8 MeeRpkRubtE o SRARAE S DAY et gtaftrol Bty Tk ifately,
Zeolite A wiugoni mtacawlt]l the sibstrateisurfacee dbhe ﬂqwmtg,i usad jyaS\BEphat_ about 0.26
o oio, 2ol shuhe b B 1 el S SR vt B
Zeolite L Wit is ipdrint Rl cotitrd] TRE Sprafing ith® So that thelameaht! ¥.2/) molebcof &Rfl i t es
may be formed at "ot her reaction regions on the substrate. 72
reactant is approximately the same. The spraying time was such that each of the thin-
layer films deposited on the surface of the substrate had a thickness of about 1 to 4
microns.
15 Using a binary masking strategy, the aqueous solutions of Ca(NO,),,
Bi(NO,);, Cu(NO;); and Si(NO,), were delivered, in this order, to the substrate using the
following steps. As mentioned, the MgO substrate had 16 predefined regions 1, 2, 3, 4,
5 6,7, 8,9, 10, 11, 12, 13, 14, 15 and 16. In a first masking step, regions 9, 10, 11,
12, 13, 14, 15, and 16 were masked and an aqueous solution of Ca(NO;); was delivefed
20 to the exposed regions in the form of a thin-film. Thereafter, in a second masking step,
the mask was repositioned so that regions 3, 4, 7, 8, 11, 12, 15 and 16 were masked,
and an aqueous solution of Bi(NO,); was delivered to the exposed regions in the form of
a thin-film. In a third masking step, regions 5, 6, 7, 8, 13, 14, 15 and 16 were masked,
and an aqueous solution of Cu(NO;); was delivered to the exposed regions in the form of
25 a thin-film. Finally, in a fourth masking step, regions 2, 4, 6, 8, 10, 12, 14.and 16
were masked, and an aqueous solution of Si(NO,), was delivered to the exposed regions
in the form of a thin-film.
Once the components of interest were delivered to the appropriate
predefined regions on the substrate, the substrate having the array of reactants thereon
30 was oxidized at 300° C to remove any nitrogen from the array. Thereafter, the substrate
was flash heated at-880° C for about 2 minutes and rapidly quenched on a copper block.
Thereafter, the array of materials was screened for superconducting material.




TABLE V. VAR OQUS REACTANT COVPONENTS USED TO GENERATE AN ARRAY OF ZECOLI TES
[err] G Synthesis of An Array of Copper Oxi de Conpounds Using Spraying*

Deposi ti oWOe#118T8ues 25 This exanple illustrates the synt hPeTAISHS/13278 array .

of copper oxi de conpounds using spraying deposition techniques. The

reactants are delivered to a 1.25 cmx 1.2 cm MO substrate having 16
predefi ned regions thereon The react ants ar e dellvered |n t he form of
thin-filns usm@a asie of A ] ¢ b DS gaski ng

h Th Vit ek
Ul trasan o sprayer. LS %ﬁ@ttﬁ'#%tﬁ Qi%ﬂtﬁt# %@%zsitﬁé;aé' ﬁf@aié%w 120
KHz, this zinc silicaterphpsphorsin Ag & mamak ¢ mmCpyrex Isubstratehiaving) 46 Prédefingd
|nches and,a drq Iet d| reter of 18 microns. The four conponents used |n

this exangherepp iy used in;this exampla. o Fach of ther predefinedoregions is; 109 ¢t 51100 m &
f

R AG aa b “Bﬁwf"er%%“é@%ﬁ ot Bre(ffingd i fs dfduf 3 008 b3 e
about 0. 9.ensurecthe lreauantgnt ingwenaegnntdb hot lhbte W s&djsdent fegrionsg 30000 piﬂoﬁtbﬁ

substrat e, |t |s | %"ﬂﬁ’t ontrol the flow rate of the sprayer as well
as the te € ‘rate 'so that the reactant droplets dry

i medi at el y upon corvgﬁgiea%k*g _ aﬁ%ﬁ I sed was
kept at about 0.26 1 and ?ﬂe tenpgpgl?%%%lfy '}%‘éﬁ%{?ﬁﬁ’%@]\a
mai nt ai necubstraé) asing [anrink-jet. dlspensai'dtavmmthred nozzldsnThe first nbzele dnédmiected o

of __each reactant is

t t hat .t.he I
appr 1 eyt Shipning ald ongortz»ﬁsiagrucmosﬁmm@mymsth. o
| ayer fllrmff s?ﬂoﬂ”ﬂfé%tfﬁﬁ&xrﬁisét%rtﬁ‘m%g 91, aﬁg S”ategy q

about 1 to 4 mcron ng a bi nary ‘nmas
t he aqueouhe 16 ipredefined oégions or tHeesubbtzate. [Eher yntiesis rdadtioncis edmedmuttumler a

d to_th t th ||
Subst 7 at o SR AERPRRNers 1Ris Pernt 2 ire ot HOD4E" Sondetorticq, cagh ofghe §6. 1
13, 14, 1pr&definé® redcliod régibis isRfdenBd fér échtrélﬁﬁhﬂﬁéen? matétials ér phosphors by

15 radiating the sample with a specific. excitation wavelength and recordmg the emission
spectra with a Perkin-Elmer LS50 spectrofluorimeter.
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t he mask was repositi onBOTRISIVIIZTS
15 and 16 were nmasked, and an aqueous sol ution
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In Combination With Photolith

M

This example illustrates the possible synthesis and screening of an array of
copper oxide materials. The reactants are delivered to a 1.25 ¢cm x 1.25 cm MgO
substrate having 256 predefined regions thereon. One side of the MgO substrate has a
rough side, while the other side is finely polished (1 micron diamond paste). An
extremely clean and smooth surface is needed for good adhesion of the sputtered metal
oxide layers.' The reactants are delivered to the substrate in the form of thin-films using

a sputtering system in combination with photolithography techniques, i.e., a patterned




75 TABLE VI. VAR OQUS REACTANT COVPONENTS USED TO GENERATE AN ARRAY OF ZI NC

SI LI CATE PHOSPHORS [err] | Synthesis of An Array, of Copper Oxide *
Thi n- Fi | nWKER64A878| s Usi ng Sputtering Techni ques | n Conbi nat PEUSIY13278
Phot ol i t hogr aphy Maski ng, 25 Techni ques Thi s exanpl e

Il lustrates the possible synt he5| s and sreening of an array of copper
oxide materials. The rea ants (i‘gllveredto 1.25 cm x 125 cm MO
subst r at epfmqeﬂg ks ndhe paiters,of the, phatoresist detegmingg where

substr at g q*égg tﬂf@ﬂ off.de is finely polished
(1 mcron |armn paste) N ex m ! wgn and snooth surface is needed
for good adhesi on oStarting wnhtaelwd ﬁmiyapohshedesubslm sthe Tirst st@mttnmpin one
delivered,to,the substr. Eefo of. trﬂpnfll usi n uttering
syst em i rih€ Phptoresist ornga]FYa lﬂﬁ‘&% 5y use; 1t er ned
76 Phot ot esistin epitiGEidRs! N ANYAM sdlaslbaﬁ‘éb h}eefcn WW%@&&S' st

det er m nes ere spuitered material 1s deposite nd wher
lifted ofIOO°G.thepboMsistasd¢mt¢dintvmlayptﬂfoshdd&mm of 3tricréns: st

phot or osi T1e Bilalist anbliea i iF fbsrats tock s dipmper oule, 4A8Cihe St oy

it remai ng 6b0'rphl forH0 k. W&E%ﬁ@pﬁ&ﬂ%ﬁ%ﬁ éleﬁ osiRy it 5&Fesaked at The
photoresist is desgosMed i-n two l.ayers for a fotal hi ckness of 3 m crons.

The phot Q026 for §5smifppMhereafter, tthe suhstrater istogoledp theasegond photoresist layer and t he

"o Mo depisited EhaShe 30n pRIL & 00°R: RS ek e oditie s RO A pieh, | V"
substr at gmimers&Pincshlofobenzzfié FoF 10 fiiih O CHlbfdbehAe modifiédthe sudRBOSf tRd and @

t hen soft-baked at 90[err]C for 5 mn. The substrate is cooled and then
i mer sed Tesists theseby temeving the lovomelaculaciweighsiresine s sich; aftes treatmestiwithce of

{1 oat nontcHTPREGEAR) B Hifaiof (E prdfiriBd  opeE sbUALH e felper g, '
sol ubi | i ttlie uidérlyingl eagabioeIn édifunction with back scattering of light at the photoresist-
15 substrate interface and the differential photoresist development rates, an overhang is
created in the photoresist. This creates a discontinuity of the photoresist layer and

prevents encapsulation of the photoresist by thin metal layers.
Once the photoresisi has been deposited, th'e substrate is ready to be
‘exposed. A mask is selected based on the desired location of the first layer. The
20 - photoresist is exposed on a Canon Fine Pattern Projection Mask Ahgner (FPA-141F).
| The first layer of a 256 hbrary contains 128 sites, each of the s1tes bemg 100 microns x
100 microns, with a 50 microns distance between sites. After exposure, the photore31st
is developed in a microposit developer for 45 seconds-and then rinsed in water for 1
25 The substrate is now ready for deposition of the first layer. 300 A of BiO,
" is sputtered onto the substrate. Normally, the sputtering temperature can exceed the
limits of the photoresist. It is found, however, that with a low-power sputtering (150
watts) gun and a target substrate distance of 10 cm, substrate heating has not been a
problem, even for deposition periods lasting as long as 8 hours.” A-cooling block should
30 be available in case the substrate temperature exceeded 100°C.
| The Liftoff process is achieved by placing the substrate in an ultrasonic
‘bath of acetone. The metal adheres at sites where the photoresist had been removed as a
result of prior exposure and development, whereas the metal is lifted off where the resist



the underlying regions. In conjunction with back scattering of light at the
phot oresi st- 15 substrate interface and the differential photoresist
devel opnent Wa96HS7®n overhang is created in the photoresist. PCRIUSIYIR3] es
a discontinuity of the photoresist |ayer and prevents encapsul ati on of the
photoresist by thin nmetal |ayers. Once the 7ﬂnotoresi st has been deposited,
the substrate is ready to be ex%};ed A mask i s selected based on the

desi red | ocemeinediafier patteming. | Fhe acetaneereadily cissplyes, thesphotoresy

gggolni Elr gfya@%%fg%hgaﬁzgﬁg @ﬁ)é%fegt @%ﬂ&?ﬁt H?gfs b@ogy%e?j{ m crons xhi% :

m crons, W tsame rhéhrierCéxvept thesiern kyed aiusebe alignedsto tﬂélfﬂ'st an¢ tweisites at which
photore3| st is devel oped |n a mecr 'tl)osm deve] oper for 45 seconds anda'i?hen

rinsed i n wihemetal s fo he deposited ed. In thisexample, dhe pext layer{s LuQ
for dep mt@@@fﬁnh%ﬂmat Iayer 300 A of [err] is sputtered onto the

substra € sputtering tenperature can exceed the limts of
the photoresist. It Isoﬁwmécohtpanmdﬁmmsmtdehvéwtpmzssmﬁnemg

(150 watts) gun and a target substrate d| tange of 10 cm, substrate heating
has not bee ﬁeﬂoﬂﬁ‘ SBIW“ an chﬂ@%ﬂ%é‘efgmmﬁﬁmaéf%
hours. A coqf OtFPc e I tﬂ@#c@een
terrperature ex e%ltgp%g#ea ;%5 (e??a? ﬁf%ér)ggg?ge‘{égﬁg% eve y placi ﬁ%
t he subst ratfor resistance lsings dor exangglé, »4-poittcontact frobenet al adheres at sites
wher e 1{5&2 phot or esi st had been renoved as a result of prior exposure and
devel o nt, whereas the netal is lifted off where the resist 77

remai ned am 'lg%’?'he acetone readily dissol ves the photoresist and,
t hus, the I% * The subsequent conponent | ayers are deposited on
the substrate in t he WM oA ProvillECeraily it ithoditand! dppaRt sto
the first, and the sites entﬁe metl%ke% il

s to be deposited are chan
In this exatfpt Ehe pdndleldepomhqrmsyndleﬁa@dtsmmg of apraTGy ofhmatenials cma@smg?ec

e suberr asubstite, 355 e fidentind e e Andve UescripRoR if fiiedad o hE HaRRetE,
subseqyent | m&m&&&c@écema Enfddimé@ts asd vﬁﬁﬁtﬁ%fﬁh@ﬁ%hﬁ&ﬂwﬁlﬁ%éﬁ?ﬁe can

be screened - for resistance u5|ng, for exanple, 4-poi nt contact probe.
10 apparent to those of skill in the art upon review of thxs disclosure. Merely by way of

example a wide variety of process times, reaction temperatures and other reaction
conditions may be utilized, as well as a different ordering of certain processing steps.
The scope of the invention should, therefore, be determined not with reference to the
20 above description, but instead should be determined with reference to the appended
| claims along with the full scope of equivalents to which such claims are entitled.



XI. Concl usion: The p provi des greatly i mproved nethods and
alus for the pargﬂmmmmnﬁlmlﬁm synthesis and screening of an artay
2 'asgamm si ngt e Subst Mat &. ‘is to be understood pEpusésm2Eoove

r¥ptighn is intended to be |IIustrat|ve 15 and not restrictive. .Many

di.ngNts and variations of the inventypn will become apparent to those

in the art upon review of this disclosure. Merely by way of

nple a a socess times, reaction tenperatures and ot her

tdon conditions may be utilized, as well as a different ordering of

i n processing steps. The scope of the invention should, therefore, be

Lrmned not wwth refgr agﬁﬁ it ead
ehgll d be det erni ned vm?'hgp ieim% &?‘?eglts vegéﬁlﬁd I é?&r%&ﬂ?%‘ﬁg‘tdw t he
full scopBMR cebalt oxidercbmpbundIMa\ahgshn:fomiula nms are entitled. VWHAT | S
CLAIMED I S: 1. A nethod of naking %arra materials, said nethod
conprising: (a) delivering a first zof a first material and a
first cong of a-second naterial to first and second regions on a
substrate; (b) delivering a second conponent of said first material and a
secohd 5 A is a metal selected from tlmfgmap@onsstmmbﬁhmhanmh (La),sytirihm

first and second regions sal d strate;, an I an sly reacting

said delivered conponentggi] » Praseqdy, moé’f’i Zﬁa 2. The

method as recited in cla mfﬂﬁ{ @), Samdridh Em)2e gg{lfﬂcgaﬂ hﬁ{nthe
I | ds

group consisting of coval ent netmork solids, 1onic ar solids
and i norgani c materi al s. (Gd), ®rbium (He)) darsprosmn't GBIy)l, rhOhnmnn(Ho);\Ieﬂnenn(Er)a,l

terial | ected f th t tall ' :
Tator | al s, rotal ail oys, toEpn e oVlecbBRE (b} gk Bt i o o s, @
conpgsi te naterial SMeih ARl sBle@tb® Fidnt kheEbRp| onBSHng Bf &alcitm (W Eﬁéﬁtaﬂn as

recited in claim1 wherein said first conponent of said first material and

sai d second conponent of (S5 barium @a)niﬂadr(il’h)aadea@hml(wbseousl y delivered

to said first region e t.hod _as eC| d a|m1 wherei n said
first conponent of %gf% vaﬂx_ergggmg(}ro {% 9 _

x has a value ranging from about 0.1 to about 0.9; and
z has a value ranging from about 2 to about 4.

15 2. The GMR cobalt oxide oompqund_of'- claim 1 wherein x' has a
-value ranging from about 0.2 to about 0.7.

3. The GMR cobalt oxide compound of claim 1 wherein x has a
value ranging from about 0.3 to about 0.5.

4. The GMR cobalt oxide compound of claim 1 wherein said
compound has a layered, perovskite-related structure.

5. A giant magnetoresistive (GMR) .cobalt oxide compound, said
GMR cobalt oxide compound having the formula:
5 A, M,CoO,
wherein:
A is a metal selected from the group consisting of lanthanum (La), yttrium
(Y), cerium (Ce), praseodymium (Pr), neodymium (Nd),
promethium (Pm), samarium (Sm), europium (Eu), gadolinium

is Sheet Has Been Re ﬂlaced

IIIIIIII |l II 1]
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first material and said first ds&tﬁaﬁb‘— ial |
si mul taneously delivered to sumwmllﬂnlmmma d saif§® g%%ggn
respecti vel wo %6118 net hod as*retitled i nsScl & m STT sai BCTAUSYY13278
conponent of said first material and said first conponent of said second

material are the same, but are offered in @fferent anmounts. REPLACEMENT
SHEET 7. The nethod as recited in claim 1 wherein said second conponent _of

04 APRIQ998 79 said firs(Gdyntarbium (Eb)d dysprasivmc@i, belmivmedHo)o erbiumd(Er),
second material are the sa but er LeL.ent unts. 8. The
met hod as recited in clai m"“f"'w Qal"}? gé% | *ﬁ%lr‘rifp' ent ﬁgald first
material is delivered Moisamétal séledted $&ne the grodp eonsistingt ofodalcium (Ca), strontium
stoichionetries. 9. The nmethod as recited in claim1 wherein said first

conmponent of said. first mat@r),danymiBa) leadi(Pb) and)eadsmund(Cd); sai d second

material are the sane, [ 9S nd regi ons on
said substrate in a gr%%ﬁ%%{’gﬁgmﬁﬁt%i@a&@ hg‘?(ﬁod as recited
~in claisn 1 wherein thez mmetrmgiﬁgﬁvndamt@muﬁﬂ»e delivered to said

first and second regions on said substrate froma nenber selected fromthe

group consisting of a pi pette and an ink-jet dispenser. 11. The nethod as

recited in claiml V\/nerel rcm,h @néfx? iner.ed
to said first.and second regl ohs 6N SQQ%% s‘[s\’%zfgu[{?tfgm anssl,%lr( ] e S
di spenser .sahahrtrandgihg drorh bogr R.2toamboat 8.7. ng of a pul se pressure ink-jet

di spenser, a bubble jet ink-jet dispenser and a slit jet ink-jet dispenser.
12. The nmethod as recited in cI aim1l wherein said steps of deIiveri ng said

omrraes s I ..-,‘

D

conmponents each conprisesst %B t DkfdeSconidound of ¢Bih § Wh
reference point on said sub rate |?l novi ng a di spenser o a
conponent avhlueadngingtfmmabenmeltoabbum% - from said

reference point such that said dispenser is positioned approxi mately above
said first region on said substrate; (iii) delivering said conponent to

said first region; and (1) Thé GMR'coBA Bkt ooipolind B clairh's whefeir? 864

remai ni ng conponent for eac
compound has a layered, perovskite-related structure.

9. The GMR cobalt oxide compound of claim § wherein said
compound has the formula:
5 ' La, ,M,Co0,
wherein: :
M is a metal selected from the group consisting of barium, calcium and
strontium;
x has a value ranging from about 0.1 to about 0.9; and
10 z has a value ranging from about 2 to about 4.

10. The GMR cobalt oxide compound of claim 9 wherein M is

barium.

11. The GMR cobalt oxide compound of claim 9 wherein M is
calcium,

12. The GMR cobalt oxide compound of claim 9 wherein M is
strontium.

" This Sheet Has Been Rep laced




g region.

E50

reeci tfed i
$ai df first
' of : (1)

permtting said 5

material to be delivered&%cad matsrial to figstiand

sai d &second regi on

fi rstsscorrponent of ggﬁv?}@ggmat ercfzci?
r eomponentofi sdidnsectnd hiateribh do sxidfirst arxd seeond eegions

claim1 wherein said step of.delivering. said first conponent of said first
material to said first ré’gi’lﬂ'ﬁp § ﬁedag‘&

substrate; and (iii)

pl aci ng a nmask adj aQ?n ;
first conponent of sai

b conponent of said first materi al
i/d substrate, but not to said secon80region on said substrate; (ii)
ring said first cgnponent of _said first material
& &al.d substrate; andl1f;A)methodpfmakingan aray, ok materials;|sai
@o@gﬁhﬁkl wherein said step of delivering said first conponent of
erfal to said first region on said substrate conprises the
pl 4g) delivering akfirsticomporient of adirst matesial and>a first componknt of

T 13| ecited in claim1l wherein said step of
d I‘@veri ng said fi rsl”mmmmﬂﬂllrﬁu"l d first mterial to said first region
i §| sWR/HBB conpri Sestht Steps of: 5

PCT/US95/13278
to be delivered to said first region
to said first

regi on
as

first conmpopent of said first
Fiseianf rPnELiegions o 3 A¥BSITBIG ot o
g&nnentoﬁﬁﬁﬂ?ir&ﬂﬁﬁteﬁaiﬁd*af of said

sald ti1rst regron on sail

bstrate conprises the steps of:

. the . (1)
g@&amﬁm%fmm&g osal d 5

0 Ivered to sal irst region

?lﬂta?néb fsly s

I rst eria

(i)

on said substrate, but naematemalsai d second regi on on said substrate;
spraying said first conponent of said first material onto said first
on said substrate; and (iii) renovi ng said mask. 16. The nethod as
recited in claiml wheigi mieamethdd @B réditedshiclfifm 1P whetein kaid ThatRae ake Nt Of‘
said first material to said first region on-said substrate conprises the

st eps of : covalent netwgrksolidig a photoresi st on said substrate;

regi on

15. The method as recited in claim 13 wherein said materials are

ionic solids.

16. The method as recited in claim 13 wherein said materials are
molecular solids. '

17. The method as recited in claim 13 wherein said materials are
inorganic materials.

18. The method as recited in claim 17 wherein said inorganic
materials are intermetallic materials.

19. The method as recited in claim 17 wherein said inorganic
materials are metal alloys.

-20. The method as recited in claim 17 wherein said inorganic

materials are ceramic materials.

21. The method as reclted in claim 13 wherein said materials are

organometallic materials.
This Sheet Has Been Reilaced
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5 (ii) select “lmlt“mmlﬂmmﬁl d ghot oREEA&EPon sgi d
substrate; (iii) sel ectively vallis Ipi t or estst—fromsal d
substrate tWO96{148%8 sai d (iv)" Helfvering said first conpB@EHEIYE2Haid

first material to said fi rst;._{_,,,r_e_gi'o'n on said substrate; and 10
(v) removi ng renai ni ng photoresi st fronBdaid substrate. 17. The nethod

as recited in claim1 wherein said step of deliveri sai.d fjrst copponent
of said first material t Sammea?pqsmwg‘ﬂagmﬂ% SAE t he
steps of: (i : biefiaisnd said first conponent of said first material to
first and _Sgércr)xggmg?hh s _ regions on said substrate; (ii)
depositing a photoresist on said substrate; (iii) selectively exposing

phot of 65i o1 11om Sai o seddnatiediedcat sies” @ e 15 oo Ratfalt ar noo-

said first gﬁggﬁgﬁrgrgggc dlyindrsy st material; 10 (v)
e ed fi

etching off t expo r'st conponent of said first material; and (vi)
renovi ng renmai ni ng photoresist fromsaid substrate. 18. The nethod as

recited in claim1 wherei h_of, said terigls | nt.nesi in_an_ area
of less than 25 cnferr]. %9%@%%&%@6%?*%%6&&%@%@%&
of said mat gfisgiy 'ﬁgmeﬁab | 386 seéondcoMiptmerf of & firltafiatéAalcdtt SirfubltanéBusl

The net hod assfﬁeﬁﬂtse I n c?gailm 1 wherel nxgglch of said materials is y _
synt hesi zed delivered to said dirst regiont han 5 cnferr]. 21. The nethod as recited in

claiml1 wherein each of said materials is synthesized in an area of |ess
than 1 cnferr]. 22. The nethod as recited in claim1 wherein each of said

materials is synthesized 25D PHe fHefiddWs refitsd in\@aim 19WIRkéih said3first bompoiered

as recited in claim1 wherein each of sald materials is synthesized In an
area of | esof stidfirsomagegial pnd s3id first component of said second material are simultaneously

delivered to said first region and said second region, respectively.

26. The method as recited in claim 13 wherein said first component
of said first material and said first component of said second material are the same, but

are offered in different amounts.

_ ' 27. The method as recited in claim 13 wherein said second component
.of said first material and said second component of said second material are the same,
but are offered in different amounts.

28. The method as recited in claim 13 wherein said first component
of said first material is delivered to said first region in a gradient of stoichiometries.

29. The method as recited in claim 13 wherein said first coinponent
of said first material and said first component of said second material are the same, but
are offered to said first and second regions on said substrate in a gradient of
stoichiometries.

_ 30. The method as recited in claim 13 wherein the components of said
materials are delivered to said first and second regions on said substrate from a pipette.

o * This Sheet Has Been RTlaced .




gt hod as reci ted”ml l"ﬂu]ulﬂum%ﬂl n each of said materials is
ed in an area of '8 b i [err] 25. The nmethod as recitéd
wokenm7 each of said materials is synthesized in peftnsosees®g | ess

an < [err] 26. The nethod as recited in claim1l wherein each of said
~'inals I's synthesized in an area of |eg» than 1 [err] 27. The nethod as
g)‘e&‘i’ ed in claiml wherein at least 10 different materials are synthesized
BN said substrate. 28. ' 3he Thetmeshodias repited dnl claimcl hiwhereinther coinipoments & Shid
100 di fferepnt .mpterial.s are swnthesi zed on, sai.d subst.rate. 29. The pet hod
reci t oA ATk, detifierdl o R nECari{ Seofd Pékions o srid Sibivmte from an ankset
synt hesi z séral d substrate. 30. The nethod as recited in claim1 wherein

at least [err] different materials are synthesized on said substrate. 31.
The nethod as recited in claim1 wherein at |east 100 different materials

are synt hesized, and e b ff materibal §s .cantained within gn area of
about?lll mierr] or Ieszﬁ]33‘?‘£fﬁé€%ﬁu ‘?‘S@“P&@r‘!‘ Wﬁ%%i'ﬁﬂﬂamm '
conpri si ngswectede‘ﬁ:mfthé?gfoﬁpmﬁsﬁ? of aipulie préssii idkijel dispedser a I W jet

e

it

property. ,33. The nethod as, recjt in claim32 wherein said usefu

property iiBkietdispenseriandp slitdetinkd Sek.i ng of an electrical property, a
thermal property, a nechanical property, a norphol ogical property, an
optical property, a magnetic property, a chemical property. 83 34. The
met hod as recited in cl33,nTRE metissdcasredited! it thaitin 137 whetkil sai Step$ofs I eened

I n parall%elj)i 35. The nethod as recited in claim32 wherein said array of
mat eri al s GeYVeRANE§3id gompanents each comprises the followjng)stepssr e t han 10 different

ey as roci ted i n O iodRYRE Erdbeot Bk 6 B bRl T T €

(i)  moving a dispenser of said component a fixed distance and

5 direction from said reference point such that said dispenser is
positioned approximately above said first region on said substrate;
(ii)  delivering said component to said first region; and |
(iv)  repeating steps (ii) and (iii) for each remaining component for each
remaining region. '

34. The method as recited in claim 13 wherein said step of delivering
said first component of said first material to said first region on said substrate comprises

the steps of:
@) placing a mask adjacent to said substrate, said mask permitting said
5 : first component of said first material to be delivered to said first
region on said substrate, but not to said second region on said
substrate; |

(i)  delivering said first component of said first material to said first
region on said substrate; and
10 (iii) removing said mask.

35. The method as recited in claim 13 wherein said step of delivering
said first component of said first material to said first region on said substrate comprises
the steps of:

This Sheet:Has Béen R‘e‘ﬂlabed '
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inorganic materials on a substrate ﬁ“mmm‘“uﬁﬂ “ms the;Eon. refacEbe |
array as recited in claim36 wherei ' J iy diff ' :
materi al s OWO®96aW8?8t r at e at known | oatfons thefeon. 39. The BEFE§ISHI2TS

recited in claim36 wherein,hore than [err] different inorganic nmaterials
on a substrate at known | ocati'ons thereon.830. The array as recited in

cl ai m 36 wherein said inorganic materials are sel ected frqglth groutgIl )
consi sting of internmet® | i Placingq mask adiacent tg) saidl subsizaie s ’Hﬁf‘dﬁ"&! ng said

i.nor gad c- or gani ¢ conposi tq..r&qé: ' ' : JEhiefal | { +al Firgt WO
di fferglnt arrays of materials, ?Eaéogleﬁrrte?ﬁ%%d?grrprl SI ng?:i) Ea!l e |vtgr]§§g asrt
first conponent of a first regibsionaaid substrite; dut netgoaidosecond region snlisaidr at e

and delivering said first conponent of said first material to 5
a first region on.a second SUbEM%ate; (b) delivering a first conponent of a

second material to a zﬁ)con g@%%%%mof'%%hgﬁ%ﬁ bt S Qid firdt \Rdtl

said first conponent sai nateri a second regi on on sal
second substrate; (c) del i ‘onrsaithfirst segiomodncaidsubstratepandai d first nateri al
to said first region on, 10 ] ) said first substrate and
del i v ng sai d secondionpemeving spidsmask.f r st (d) delivering a second
conponent of said second naterial to said second region on said first
substrate and delivering said second conponent of said second material to
said second regi on on saB@. SFheomethed astrecited; iniclaim 13 wherein said step of delivérifg)

reacting said_ conponents on sai'%ﬁfﬁi rst .substrage under a fjrst set of .
reacti on cofaid firstcompaneat.ofjsaid, firss maatedal 9 %%ﬂaéf%é%%%m tratg comprises
second set ﬁIé§ &:on conditions to format |least two different arrays of

at Feast two naterrals. 42. The method as recited in claim4l wherein said
material s are sel ect edi)f r orplacing & mask adjacentstoisaigl substrate said maskipromitting said

mothodSas recited i n ol ai mife DR Shid fetiapsend iote dabenidle St
intermetallic material s, ”‘i’éﬁbﬂ%'@iﬁssubﬁﬁﬁ@[rbﬁt hati18safd $econd region on said
substrate;
(i) spraying said first component of said first material onto said first
region on said substrate; and
10 (i) removing said mask.

37. The method as recited in claim 13 wherein said step of delivering
said first component of said first material to said first region on said substrate comprises
the steps of:

(i)  depositing a photoresist on said substrate;
5 (i) selectively exposing said photoresist on said substrate;
(i) selectively removing said photoresist from said substrate to expose
said first region;
(iv)  delivering said first component of said first material to said first
region on said substrate; and
10 (v)  removing remaining photoresist from said substrate.

38. The method as recited in claim 13 wherein said step of delivering
said first component of said first material to said first region on said substrate comprises

the steps of: : B
' ' . This Sheet Has Been Replaced




e e AR S L

organic
rst set *of

reacti on 3mo6/158s differs ftorh s&i d"se&ontd set of reacti oPCIMSISN3I208S | n

terms of the tenperature at which the reactions are carried out,

in terns

of the presspyre at which the reactions ar8 carried out, in terms of the
reaction tln‘es atz which the reactions are carried out or in terns 5 of the

at nospher e A & whch €@he r deliveripgssais first sompouent of saidfirstimaterial b firstand

ard st cdbnent o oeand otk heEIMIRARE oS, but are of fered

terlals i's synthe5|zed in an area of |ess than

recit @it &leqwlysexmsnsusal 2 qt%rsast am said fsplsteate;

in differents
each of ’Sﬁlé

ount s@i)  8épodifing thdtﬁfebiﬂdoﬂ%mﬁ@bétﬁiel n clai m 13 wherein

l-[err] 48.
materi al s

esy/zed 0208@, ffer%%e faving £ p%hes. nf Sl ot g 2

50. The nethod as reci tedsmmsabsmam,lﬁemlsgee:q:osmgtsai@ﬁsst coftipohenti off saidefitst

materjal s are synthesized on said substrate. 51. The nethod as r
cl ai i¥ 13 wherein at Ieasth » different materials are synthesi

substrate. 52. The chgg ﬂbéﬁ
different materials sy@'@ﬁgm zgﬁ @eao ?ﬁﬂz[ekrgl gar'}giﬁeljrsfa
contained within an (an)ea reinoving itendaining hoforesist | feom safdsubstiate et

recited in claim13 further conprising the step of screening sai
material s for a useful property. 54. The nethod as recited in cl

ecited in
zed on sai d

hod”as
d array of
aimb53

wherein sai d useful pre@eriye i fgﬁ‘._cftéd B%ﬂ 5&@3@%&%

recited in claimb53 whérein sal usefu roperty 'S errral pr
The met hods synthesizetdd anrarea of tesS than 25 sai d useful property i

opegtglqal 5‘

S

40. The method as recited in claim 13 wherein each of said materials

is synthesized in an area of less than 10 cm?.

41. The method as recited in claim 13 wherein each of said materials

is synthesized in an area of less than 5 cm?.

. 42. The method as recited in claim 13 wherein each of said mateﬁa1§

is synthesized in an area of less than 1 cm?.

43. The method as recited in claim 13 wherein each of said materials-

is synthesized in an area of less than 1 mm?.

44. The method as recited in claim 13 wherein each of said materials

is synthesized in an area of less than 10,000 um?. :

45. The method as recited in claim 13 wherein each of said materials

is synthesized in an area of less than 1,000 ;Lm’.

46. The method as recited in claim 13 wherein each of said materials

is synthesized in an area of less than 100 um?

‘This Sheet Has Been RTilaced
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a nechani cal property. 57. The ne [ ﬂi Hn' Gh& T er
useful property is a norphol ogi caltllwmnﬂulnﬂ“llr u : T.if%g@.\ as
recited in WO96MIEB wherein sai d usef @l property*is pt i caPCHUSHEIRB
59. The nethod as recited in claimb53 wherein said useful property is a
magnetic property. 60. The method as recitd® in clairm 53 wherein said

53 wher of n Sai U array of Hht Ghe MG L ok S laln i WheBIn b of sl Tteh
Sequent i al 1y e AR DR TR, TRCEC B e G haterfal s on
a substrate at known |ocations thereon. 64. The array as recited in claim
B e L L0 g g Shunddist AEReg i Baihird Sndi e e
than [err] %%ﬁ?ﬁ%&?@gﬁ%ﬁh n a substrate at known | ocations

t hereon. 66. n clalm®63 wherein nore than [err]
different inorganic materials on a substrate at known | ocations thereon.

67. The array as recited in claim#g3 wherein, sajd inorganic terial s..are
intermetal | i Z rr;t eri :atl s. 4?3 :S"eéli“?da?s %“%@é‘?%ﬂ“:ﬁ Wﬂ%‘ﬁﬂ §Méb@id§ff§r§%
i norgani ¢ mfALLak S kfnthEdiAd 6t §£&§ubstﬁat§7 69. The array as recited in

S

claim 63 wherelin sald ﬁ]or.ganl C materia

Dt OO T
o ry TREES
el

50. The method as recited in claim 13 wherein at least 10* different
materials are synthesized on said substrate.

- §1. The method as recited in claim 13 wherein at least 10° different
materials are synthesized on said substrate.

52. The method as recited in claim 13 wherein at least 100 different
materials are synthesized, and each different material is contained within an area of about

'1 mm? or less.

§3. The method as recited in claim 13 further comprising the step of
screening said array of materials for a useful property.

54. The method as recited in claim 53 wherein said useful property is
an electrical property. | '

~ 5§5. The method as recited in claim 53 wherein said useful property is
a thermal property.

56. The method as recited in claim 53 wherein said useful property is
a mechanica] property.

§7. The method as recited in claim 53 wherein said useful property is
a morphological property..

This Sheet Has Been Re[ilaced
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are ceramc materials. 70. ited in claim®63 wherein said
i nof IC materials are inummmmmlbmlumormosi te materials. 71. A nethod
Bki fowo oérmem two di fféreht arrMays of materials, said perigdsnszrs
conpfisfing: (a) delivering a first conponent of a first material to a first
on a first substrate and deliverirgg said first conponent of said
material to a first region on a second
dhst fate; (b) deliveri§ly Théimethodasyesitediin claim SSewherdinsaid usefll property is
s#drd regjon.on said first substrate and delivering said first conponent .
& said s%@o%%?%ﬁy' to a second region on said second substrate; (c)
Bel ifveri ng a second conponent of said first nmaterial to said first region
on said first substrate and delivering said
second ‘conponent of sai¥.fThe methadeas recited ins claim 53rwhereingiaich usefulsprogersg dond
substrate;dﬁ,‘gébeqlglr#réﬁ&bng a second conponent of said second material to
sai d secor | did first substrate and delivering said second
conmponent of said second naterial to said second region on said second 15
substrate; and (e) reacting said conponents on said first substrate under a
first set of reaction @nd?m methodras regited oelpiom 53 twhegeinssaidiusefid prdperty is
substratea%ggﬁ?gﬁ d set of reaction conditions to format |east two
di fferent "array Feast two materials. 72. The nethod as recited in
claim71 wherein said materials are coval ent network solids. 73. The net hod
as recited in claim71 wherein said materials are_ionic solids This Sheet
Has Been Repl aced g $17 /Thermethedasgcited incelaim: §3 iwheseinisaid7arrayhef materialsi d
materi al s;

%Fieé}?h :ﬂa% olids. 75. The nmethod as recited in claim71 -
wherei n séﬁa1 na erqlﬁ S lg?'e ' ‘

62. The method as recited in claim 53 wherein said array of materials

is screened sequentially.

'63. An array of more than 10 different inorganic materials on a
substrate ‘at known locations thereon. ' -

64. The array as recited in claim 63 wherein more than 100 different
inorganic materials on a substrate at known locations thereon.

65. The array as recited in claim 63 wherein more than 10° different
" inorganic materials on a substrate at known locations thereon. |

66. - The array as recited in claim 63 wherein more than 10° different
inorganic materials on a substrate at known locations thereon.

67. The array as recited in claim 63 wherein said inorganic materials
are intermetallic materials.

68. The array as recited in claim 63 wherein said inorganic materials

are metal alloys.
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inorganic materials. 76. The net WE ' cllaimt’;'g;ﬂ{%@?ei n sjai d
materials are internetallic mateﬂmmlﬂmll I““lthdas eclt r1T claim
75 wherein SM0O@6MIIBgani c nateri al*s &retnetals al* oysh — The BEHV&13LS
recited in claim75 wherein.said inorganic materials are ceramc materials.
79. The nethod as recited in claim71 wherédh said materials are

organonetal lic materials. _80. The nethod as, recjt in claim.71 wherein,
said materials are conpos$9-c Thedgray AsJecited mﬁé‘ﬂhggmg sﬁl{éndﬂf’%"}%mé%
71 wherein sgj erd Sal@l € non- bi ol ogi cal organic polyners. 82. The

nethod as recrte |1n claim71l wherein said first set of reaction conditions
differs fromsaid second set of reaction conditions in terns of the

tenperature at which the reactions are carsjedq .ou 3. .The. .net hod. as . .
recited in claim71 wher e%qr FMr@t“@‘éﬁJﬂfc?’é‘hbi‘g}?’d‘BMWB@“{ﬁ malerials
fromsaid s qgmg icQrgdifi ' ifeOmaieliagns in terns of the pressure at
whi ch t he r:&é'gtlo gntug%{a ca?re%’fg s(%ut. 89 84. The nethod as recited in
claim 71 wherein said first set of reaction conditions differs fromsaid

second set of reaction copditionsg i,n ferns of,the re ion tinmes.at whi.ch
the reactions are carri ed'?’guﬁ. m&§1.°d fomaking af, least ?‘@c&‘? 0t arrays, of magerials,
wher ei n sai dsaid gﬁho?leéorﬂ;riﬁ ct ion conditions differs from said second set

of reaction conditions I'n terns of the atnosphere in which the reactions
are carried out. 86. T(a) delivéring afirstaompodentrofcd firsthntateridl 4o @i first segion pn 4t

materi sl are the sams, but RS SUpEIea el SR Rahsonpanent 3 LAl
having § useful property prgpafdX fhstiPfe@fdhSén & QEdUndSdubstrdtére st eps of :

(b) delivering a first component of a second material to a second region on
said first substrate and delivering said first component of said
second material to a second region on said second substrate;

(c) delivering a second component of said first material to said first region

10 on said first substrate and delivering said second component of said
* first material to said first region on said second substrate;
(d) delivering a second component of said second material to said second
region on said first substrate and delivering said second component
_ of said second material to said second region on said second
15 substrate; and
(e) reacting said components on said first substrate under a first set of

reaction conditions and said components on said second substrate
under a second set of reaction conditions to form at least two

different arrays of at least two materials.

72. The method as recited in claim 71 wherein said mat_erials are
covalent network solids.

73. The method as recited in claim 71 wherein said materials are

ionic solids

*
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(a) formng an array of diff n a single substrate; (b)-
screeni ng said array for nﬁlm”ul'muull ﬂml d useful property; and (c)
JWo 9611878 anount s of $aid rat éri 81 havi ng sai d usef pcTRis9fENRY. 88.
The/ atefial as recited in claim87 wherein step (a) of said process -
' conprises the steps of: (i) deliggring a first conponent of a first
and a first conponent of a second material to first and second
on a substrat ;74 i The delthodeas regited ireclaim 7 owiereinrsaic material drer st
ané{ a se d conponent of said second nmaterial to first and second -.
f g iONS oM™ 'rate and (iii) sinultaneously reacting said
cfn*p ents to formsald array of at least two different materials. 89. The

fatefial as recited in claim88 wherein said first conponent of said first
matetial and said first75¢cEhemethodafs recited incclaimil 7hewhereial said matenialssaree, but

are offer iff nt concentrations. This Sheet Has Been Re | aced

90. The rﬁ%#&?%&?é ¥ited in claim87 wherein said material is a coval ent
network solid. 91. The material as recited in claim87 wherein said
material is an ionic solids. 92. The material as recited in claim87
wherein said material i76. aTheomethed-as recitediin claim T8 avhesein saidl materialscareed i n
cl ai m 87 | Merial Is an inorganic material. 94. The material
as recited Th lerein said inorganic material is an internmetallic
material . 95. The material as recited in claim93 wherein said inorganic

material is a metal alloy. 96. The material as recited in claim93 wherein
sai d inorganic materialf7+ sThe wethedias recited inzglainp75 wheeeinwaidrinaiganic reci t ed

in clai m%%gg&r&ng@glg%terlal 1s an ‘

' 78. The method as recited in claim 75 wherein said inorganic

materials are ceramic materials.

79. The method as recited in claiin 71 wherein said materials are
organomietallic materials.

80. The method as reclted in claim 71 wherein said materials are
composite materials.

81. The method as recxted in claim 71 wherein said matenals are non-

blologxcal organic polymers.

82. The method as recited in claim 71 wherein said first set of
reaction conditions differs from said second set of reaction conditions in terms of the
temperature at which the reactions are carried out. -

83. The method as recited in claim 71 wherein said first set of
reaction conditions differs from said second set of reaction conditions in terms of the

pressure at which the reactions are carried out.
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85. The method as recited in claim 71 wherein said first set of
reaction conditions differs from said second set of reaction conditions in terms of the
atmosphere in which the reactions are carried out.

86. The method as recited in claim 71 wherein said first component
of said first material and said first component of said second material are the same, but
are offered in different amounts,

87. A material having a useful property prepared by a process
comprising the steps of:
(a) forming an array of different materials on a single substrate;
(b) screening said array for a material having said useful property; and
5 (¢) making additional amounts of said material having said useful property.

88. The material as recited in claim 87 wherein step (a) of said
process further comprises the steps of:
(i) delivering a first component of a first matenal and a ﬁrst component of
a second material to first and second reglons on a substrate;

5 (i) delivering a second component of said first material and a second
component of said second material to first and second regions on
said substrate; and

(iii) simultaneously reacting said components to form said array of at least
two different materials.

89. The material as recited in claim 88 wherein said first component
of said first material and said first component of said second material are the same, but
are offered in different concentrations.
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90. The material as recited in claim 87 wherein said material is a
covalent network solid. '

91. The material as recited in claim 87 Wherein said material is an

ionic solids.

92. The material as recited in claim 87 wherein said material is a
molecular solid.

- 93, The material as recited in claim 87 wherein said material is an
inorganic material.

94, The material as recited in claim 93 wherein said inorganic
material is an intermetallic material.

95. The material as recited in claim 93 wherein said inorganic
- material is a metal alloy. '

96. The material as recited in claim 93 wherein said inorganic

material is a ceramic material.

97. The material as recited in claim 87 wherein said material is an
organometallic material. '

98. The material as recited in claim 87 wherein said material is a
composite material.

99. The material as recited in claim 87 wherein said material is a
" non-biological organic polymer.

100. The material as recited in claim 87 wherein said material is a high
temperature superconductor.
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101. The material as recited ir: claim 87 wherein said material is a
magnetoresistive material.

. 102. The material as recited in claim 87 wherein said material is a
zeolite.

103. The material as recited in claim 87 wherein said material is a
phosphor.
_ 104. The material as recited in claim 87 wherein said material is a
conducting polymer.

105. The material as recited in claim 87 wherein said material is a
ferro-electric material.
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