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(7) ABSTRACT

Methods and apparatus are provided for the preparation of a
substrate having an array of diverse materials, the materials
being deposited at spatially addressable, predefined regions.
In particular, potential masking systems are provided which
generate spatially and temporally varying electric, magnetic
and chemical potentials across a substrate. These varying
potentials are used to deposit components of source mate-
rials onto a substrate in a combinatorial fashion, thus cre-
ating arrays of materials that differ slightly in chemical
composition, concentration, stoichiometry, and/or thickness.
The diverse materials may be organized in discrete arrays, or
they may vary continuously over the surface of the substrate.
The shape of the potential allows the determination of the
composition of the resulting materials at all locations on the
substrate.
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POTENTIAL MASKING SYSTEMS AND METHODS
FOR COMBINATORIAL LIBRARY SYNTHESIS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of com-
monly assigned, provisional U.S. patent application Serial
No. 60/027,245, filed Oct. 2, 1996 (Attorney Docket No.
16703-000500), the complete disclosure of which is incor-
porated herein by reference for all purposes. This application
is also related to commonly assigned, co-pending U.S.
patent application entitled “THE COMBINATORIAL SYN-
THESIS OF NOVEL MATERIALS”, filed on Apr. 22, 1997
(Attorney Docket No. 16703-000600), the complete disclo-
sure of which is incorporated herein by reference for all
purposes.

FIELD OF THE INVENTION

[0002] The present invention generally relates to methods
and apparatus for the parallel deposition, synthesis and
screening of an array of diverse materials at known locations
on a single substrate surface. More specifically, the inven-
tion is directed to potential masking systems and methods
for applying a spatially varying potential across a substrate
to deliver different materials to spatially addressable loca-
tions on the substrate.

BACKGROUND OF THE INVENTION

[0003] The discovery of new materials with novel chemi-
cal and physical properties often leads to the development of
new and useful technologies. Currently, there is a tremen-
dous amount of activity in the discovery and optimization of
materials, such as superconductors, zeolites, magnetic mate-
rials, phosphors, nonlinear optical materials, thermoelectric
materials, high and low dielectric materials and the like.
Unfortunately, even though the chemistry of extended solids
has been extensively explored, few general principles have
emerged that allow one to predict with certainty the com-
position, structure, and reaction pathways for the synthesis
of such solid state compounds.

[0004] The preparation of new materials with novel
chemical and physical properties is at best happenstance
with our current level of understanding. Consequently, the
discovery of new materials depends largely on the ability to
synthesize and analyze new compounds. Given approxi-
mately 100 elements in the periodic table that can be used to
make compositions consisting of three, four, five, six or
more elements, an incredibly large number 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.

[0005] One of the processes whereby nature produces
molecules having novel functions involves the generation 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*2 antibody molecules to find one which specifically
binds a foreign pathogen (Nisonoff et al., The Antibody
Molecule (Academic Press, New York, 1975)). This notion
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of generating and screening large libraries of molecules has
recently been applied to the drug discovery process.

[0006] Using this logic, methods have been developed for
the synthesis and screening of large libraries of up to 10
molecules of peptides, oligonucleotides and other small
molecules. Geysen et al., for example, have developed a
method wherein peptide syntheses are carried out in parallel
on several rods or pins (J. Immun. Meth. 102:259-274
(1987), incorporated herein by reference for all purposes).
Generally, the Geysen et al. method involves functionalizing
the termini of polymeric rods and sequentially immersing
the termini in solutions of individual amino acids. In addi-
tion to the Geysen et al. method, techniques have recently
been introduced for synthesizing large arrays of different
peptides and other polymers on solid surfaces. Pirrung et al.
have developed a technique for generating arrays of peptides
and other molecules using, for example, light-directed, spa-
tially-addressable synthesis techniques (U.S. Pat. No. 5,143,
854 and PCT Publication No. WO 90/15070, incorporated
herein by reference for all purposes). In addition, Fodor et al.
have developed, among other things, a method of gathering
fluorescence intensity data, various photosensitive protect-
ing groups, masking techniques, and automated techniques
for performing light-directed, spatially-addressable synthe-
sis techniques (Fodor et al., PCT Publication No. WO
92/10092, the teachings of which are incorporated herein by
reference for all purposes).

[0007] Using these various methods, arrays containing
thousands or millions of different elements can be formed
(U.S. patent application Ser. No. 08/805,727, filed Dec. 6,
1991, the complete disclosure of which is incorporated
herein by reference for all purposes). As a result of their
relationship to semiconductor fabrication techniques, these
methods have come to be referred to as “Very Large Scale
Immobilized Polymer Synthesis,” or “VLSIPS™” technol-
ogy. Such techniques have met with substantial success in
screening various ligands such as peptides and oligonucle-
otides to determine their relative binding affinity to a recep-
tor such as an antibody.

[0008] The solid phase synthesis techniques currently
being used to prepare such libraries involve the sequential
coupling of building blocks to form the compounds of
interest. For example, in the Pirrung et al. method polypep-
tide arrays are synthesized on a substrate by attaching
photo-removable groups to the surface of the substrate,
exposing selected regions of the substrate to light to activate
those regions, attaching an amino acid monomer with a
photo-removable group to the activated region, and repeat-
ing the steps of activation and attachment until polypeptides
of the desired length and sequence are synthesized. These
solid phase synthesis techniques cannot readily be used to
prepare many inorganic and organic compounds.

[0009] In PCT WO 96/11878, the complete disclosure of
which is incorporated herein by reference, methods and
apparatus are disclosed for preparing a substrate with an
array of diverse materials deposited in predefined regions.
Some of the methods of deposition disclosed in PCT WO
96/11878 include sputtering, ablation, evaporation, and lig-
uid dispensing systems. Using the disclosed methodology,
many classes of materials can be generated combinatorially
including inorganics, intermetallics, metal alloys, and
ceramics.



US 2003/0032205 Al

[0010] In order to provide an efficient approach to syn-
thesizing and screening new materials, a method of forming
arrays of materials with varying chemical composition,
concentration, stoichiometry and thickness at known loca-
tions on a substrate is desirable.

SUMMARY OF THE INVENTION

[0011] The present invention provides methods and appa-
ratus for depositing various components onto a substrate to
form an array of diverse materials, the materials being
deposited in predefined regions. In particular, the present
invention provides potential masking methods and systems
which generate spatially varying electric, magnetic and/or
chemical potentials across a substrate. These spatially vary-
ing potentials are used to deposit patterned combinatorial
libraries in which the individual materials vary in chemical
composition, concentration, stoichiometry, and/or thickness.

[0012] Once an array is prepared, a variety of character-
ization techniques may be used to rapidly screen and/or
characterize the large number of materials contained on the
array. A few of the material properties which may be easily
investigated using this system include conductivity, super-
conductivity, resistivity, thermal conductivity, anisotropy,
hardness, crystallinity, optical transparency, magnetoresis-
tance, permeability, frequency doubling, photoemission,
coercivity, and dielectric strength. As a result of this rapid
screening process, new compositions with new physical
properties can be quickly identified. Once identified, a
variety of well known methods can be used to prepare the
materials on a larger scale.

[0013] Systems of the present invention comprise one or
more source materials and a potential assembly for applying
a spatially varying potential across a substrate, thus enabling
components of the source materials to be deposited at
spatially addressable locations on the substrate. The com-
ponents may be deposited either in discrete arrays or in
continuously varying patterns. Although the present inven-
tion potentially has the ability to create any number of
different materials on a single array, typically an array will
contain more than 9 different materials. Typically the array
will contain at least 50 different materials, although for
specific applications the array may contain more than 100
different materials, more than 10> different materials, more
than 10* materials, more than 10° different materials, or
more than 10° different materials.

[0014] In some embodiments of the invention, the system
will comprise an array of discrete potential generating
devices (e.g., electrodes, magnets) positioned adjacent to or
embedded within the substrate. Each discrete potential gen-
erating device defines a library region or element on the
substrate. By varying the potential at each device site, a
slightly different component will be deposited onto the
corresponding library region. In other embodiments of the
invention, the spatially varying potential is created by a
continuously varying potential element, such as a resistive
electrode or a diffusive transport matrix. In these embodi-
ments, the potential element will cause components of the
source material(s) to deposit in a continuously varying
pattern onto the substrate.

[0015] In one embodiment of the invention, the potential
assembly applies a spatially varying electric potential across
a substrate to selectively deposit components of the source
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material onto spatially addressable locations. In this embodi-
ment, the substrate is brought into contact with an ionic
solution or vapor stream and the voltage and/or current
density is varied across the substrate to produce a spatially
varying electric potential. The source material is introduced
into the ionic solution or vapor stream such that components
of the source material electrochemically deposits onto the
substrate in accordance with the spatially varying potential.
Generally, deposition and oxidation or reduction of the
charged species from the ionic solution or vapor stream
occurs onto those library elements with sufficient electrical
potential to overcome the requisite oxidation or reduction
potential.

[0016] The spatially varying electric potential may be
applied to the substrate by an array of spatially addressable
working electrodes coupled to or embedded within the
substrate. Other methods of applying the spatially varying
electric potential include a gradient-swept continuous elec-
trode and/or an electrostatic micropattern. In one embodi-
ment utilizing working electrodes, the array may also
include one or more reference electrodes, the reference
electrodes being suitably positioned to provide the requisite
potentials at the library regions (galvanostatic). In a second
embodiment, each working electrode has a reference elec-
trode and a counter electrode (potentiostatic). In other
embodiments, the composition of the ionic solution or vapor
stream is varied while varying the relative voltages or
currents applied to the individual library regions.

[0017] In another embodiment of the invention, the poten-
tial assembly applies a spatially varying magnetic potential
across the substrate to selectively deposit components of the
source material onto spatially addressable locations. In this
embodiment magnetic field gradients can be produced by
locating individually addressable electromagnets adjacent to
the individual library regions. Alternatively, the potential
assembly may comprise one or more magnetic films with
domain maps created to produce pre-determined magnetic
field gradients across the substrate. Source materials, such as
dry powders, suspensions, or molecules, are delivered adja-
cent to the substrate and are attracted to the substrate in
proportion to the spatially varying field strength and the
magnetic moment of the individual components. The source
materials in this embodiment may include any material with
a sufficiently large magnetic moment (e.g., Fe, Co, Ni) or
any material attached to such a magnetic carrier.

[0018] In yet another embodiment of the invention, the
potential mask assembly applies a spatially varying chemi-
cal potential across the substrate to selectively deposit
components of the source material onto spatially addressable
locations on the substrate. In this embodiment, chemical
potential gradients drive diffusion when the concentration of
species varies in space. In a specific embodiment, the
delivery system comprises an isotropic point molecular
source positioned relative to the substrate such that the flux
of molecules deposited on the substrate varies as the inverse
square of the distance to the substrate. Thus, the spatial
locations nearest the source receive the largest deposition
rate and the spatial locations farthest away from the source
receive the lowest deposition rate. Suitable techniques of
generating a molecular source include laser deposition,
electron beam evaporation, radiofrequency sputtering in a
vacuum, aerosolized spray, evaporation in a fill gas, or a
dispensed liquid point source. The transport matrix between
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the source and the substrate may comprise a vacuum space,
liquid solvent, polyelectrolyte, neutral porous solid, or an
intentionally heterogeneous material that creates a diffusion
gradient.

[0019] Finally, the electrochemical arrays of the present
invention may also be used as a screening technique. In this
embodiment the individual electrodes comprising the arrays
can be used to make electrochemical measurements and/or
magnetic measurements of the materials located at the
predefined regions (e.g., cyclic photometry, over-potential
measurement, open circuit potential measurements, as well
as other electrochemical measurements well known in the
field).

[0020] A further understanding of the nature and advan-
tages of the present invention may be realized by reference
to the remaining portions of the specification and the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 illustrates a discrete array of spatially
addressable electrodes coupled to or embedded within a
substrate;

[0022] FIG. 2 illustrates an alternative embodiment that
employs potentiostatic control to apply a spatially varying
electrical potential across a substrate;

[0023] FIG. 3 is an overview of the electric circuit for the
potentiostatic control system illustrated in FIG. 2;

[0024] FIG. 4 illustrates an embodiment in which the
source materials are deposited on a substrate having an array
of spatially addressable electrodes;

[0025] FIG. 5 illustrates an embodiment utilizing a resis-
tive electrode to achieve a continuously varying electric
potential over the surface of the electrode;

[0026] FIG. 6 illustrates the resistive electrode configu-
ration shown in FIG. § in which the electric potential at the
electrical contacts has been changed to achieve a different
deposition pattern;

[0027] FIG. 7 illustrates another embodiment of the
present invention comprising a library synthesis apparatus
incorporating an array of spatially addressable electromag-
nets;

[0028] FIG. 8 illustrates a method of depositing compo-
nents onto a substrate with a varying chemical potential
according to another embodiment of the present invention;

[0029] FIG. 9 illustrates the effects of moving the vapor
source shown in FIG. §;

[0030] FIG. 10 indicates the electrical potential at each
electrode of a 4x4 array used during the first step of
preparing 16 different materials according to the method of
the present invention;

[0031] FIG. 11 indicates the electrical potential at each
electrode of the 4x4 array of FIG. 10 during the second step
of preparing 16 different materials;

[0032] FIG. 12 indicates the 16 different compositions
obtained during the method illustrated in FIGS. 10 and 11;
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[0033] FIG. 13 illustrates the 4x4 spatially addressable
array according to an alternate embodiment of the invention;
and

[0034] FIG. 14 illustrates the different solution composi-
tions and potentials applied to the array shown in FIG. 13.

DETAILED DESCRIPTION OF THE
INVENTION AND PREFERRED
EMBODIMENTS

Glossary

[0035] The following terms are intended to have the
following general meanings as used herein.

[0036] Substrate: Asubstrate is a material having a rigid or
semi-rigid surface. In many embodiments at least one sur-
face of the substrate will be substantially flat. In some
embodiments the substrate will contain physical separations
between synthesis regions for different materials. Suitable
physical separations include, for example, dimples, wells,
raised regions, and etched trenches. According to other
embodiments, small beads or pellets may be provided on the
surface, either alone or within substrate surface dimples. The
surface area of the substrate is designed to meet the require-
ments of a particular application. Typically, the surface area
of the substrate is in the range of 1 cm? to 400 cm®. However,
other sizes may be used with the present invention, for
example surface areas as small as 0.001 cm?” or as large as
10 m? are possible.

[0037] Predefined Region: A predefined region is a local-
ized area on a substrate which is, was, or is intended to be
used for the formation of a specific material. The predefined
region may be referred to, in the alternative, as a “known”
region, a “reaction” region, a “selected” region, or simply a
“region.” The predefined region may have any convenient
shape, e.g., linear, circular, rectangular, elliptical, or wedge-
shaped. Additionally, the predefined region can be a bead or
pellet which is coated with the 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
identify which components were deposited on the bead or
pellet. The area of the predefined regions depends on the
application and is typically smaller than about 25 cm?.
However, the predefined regions may be smaller than 10
cm?, smaller than 5 cm?, smaller than 1 cm?, smaller than 1
mm?, smaller than 0.5 mm?®, smaller than 10,000 um?,
smaller than 1,000 um?®, smaller than 100 um?, or even
smaller than 10 um?.

[0038] Radiation: Radiation refers to energy with a wave-
length between 107** and 10*. Examples of such radiation
include electron beam radiation, gamma radiation, X-ray
radiation, ultraviolet radiation, visible light, infrared radia-
tion, microwave radiation, and radio waves. Irradiation
refers to the application of radiation to a surface.

[0039] Component: Component is used herein to refer to
each of the individual chemical substances that are deposited
onto a substrate. Components can act upon one another to
produce a particular material. Components can react directly
with each other or with an external energy source such as
radiation, an electric field, or a magnetic field. Components
can also be acted upon by a third material or a chemical
substance. A component can be an element, a chemical, a
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material, or a mixture of elements and chemicals. Compo-
nents can form layers, blends or mixtures, or combinations
thereof.

[0040] Source Material: The term source material is used
herein to refer to the original material from which a com-
ponent was derived. Source materials can be composed of
elements, compounds, chemicals, molecules, etc. that are
dissolved in a solvent, vaporized, evaporated, boiled, sub-
limed, ablated, etc., thus allowing the source materials to
deposit onto a substrate during the synthesis process.

[0041] Resulting Material: The term resulting material is
used herein to refer to the component or combination of
components that have been deposited onto a predefined
region of a substrate. The resulting materials may comprise
a single component, or a combination of components that
have reacted directly with each other or with an external
source. Alternatively, the resulting material may comprise a
layer, blend or mixture of components on a predefined
region of the substrate. The resulting materials are screened
for specific properties or characteristics to determine their
relative.

[0042] Mixture or Blend: The term mixture or, inter-
changeably, blend refers to a collection of molecules, ions,
electrons, or chemical substances. Each component in the
mixture can be independently varied. A mixture can consist
of two or more substances intermingled with no constant
percentage composition, wherein each component may or
may not retain its essential original properties, and where
molecular phase mixing may or may not occur. In mixtures,
the components making up the mixture may or may not
remain distinguishable from each other by virtue of their
chemical structure.

[0043] TLayer: The term layer is used herein to refer to a
material that separates one material, component, substrate or
environment from another. A layer is often thin in relation to
its area and covers the material beneath it. A layer may or
may not be thin or flat, but once it is deposited it generally
covers the entire surface such that it separates the compo-
nent or substrate below the layer from the component or
environment above the layer.

Electrochemical Potential Arrays

[0044] In a first aspect of the invention, components of
materials are deposited onto a substrate by varying the
electric potential across the substrate. In one embodiment,
the electric potential is varied in time and/or space by
varying the voltage or current density on each of a plurality
of electrodes relative to one or more common reference
electrode(s). The array of electrodes form a library of
spatially addressable locations or library elements on the
substrate. Deposition and oxidation or reduction of the
charged species from the fluid (or vapor stream) occurs onto
those library elements with sufficient electrical potential to
overcome the requisite oxidation or reduction potential (and
associated overpotentials). By changing the compositions of
the ionic solutions (or vapor stream) and varying the relative
voltages, regions of varying thickness and composition can
be achieved over the entire library.

[0045] In an embodiment illustrated in FIG. 1, a discrete
array of spatially addressable electrodes 105 are coupled to
or embedded within a substrate 110, cach electrode 105
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occupying a known location on the substrate. The electric
potential of each electrode 105 is controlled individually or
collectively in amplitude and time to generate a predefined
spatial-temporal electric potential gradient across substrate
110. The array in this embodiment may also include one or
more reference electrodes (not shown).

[0046] Inanembodiment utilizing multiple reference elec-
trodes (not shown), each of the reference electrodes is
located adjacent to each of the spatially addressable working
electrodes. If a single reference electrode is employed, the
reference electrode may be continuous and constant or,
alternatively, continuous and varying. If a plurality of ref-
erence electrodes are employed, the electrodes are prefer-
ably discrete and varying. The plurality of spatially addres-
sable electrodes and their individual electrical connections
are patterned on or, alternatively, embedded within the
surface of the substrate.

[0047] The working electrodes and the reference elec-
trodes are independently coupled to one or more power
supplies (not shown) for applying voltages independently to
each electrode. The system may comprise a single, multi-
channel power supply, or a plurality of power supplies for
applying different potentials to each of the electrodes. Alter-
natively, the electrodes may be coupled to a single power
supply. In this embodiment current or power limiting ele-
ments, such as inductors, inductor-capacitor circuits, or
resistors, are placed in series with each of the electrodes in
order individually control the applied potential.

[0048] FIG. 2 illustrates an alternative embodiment that
employs potentiostatic control to apply a spatially varying
electrical potential across a substrate 205. In a representative
embodiment, substrate 205 includes an array of working
electrodes 210 and an array of reference electrodes 215
positioned below a permeable membrane 220 and a counter
electrode 225. A solution (or gas) of ionic molecular pre-
cursors fills the chamber surrounding the electrodes. The
solution (or gas) may be varied for each deposition step.

[0049] FIG. 3 is an overview of the electric circuit for the
potentiostatic control system. As illustrated, a varying volt-
age 305 and a varying current 310 are applied to each pair
of working and reference electrodes 210, 215 and counter
electrode 225. The individual voltages and currents for each
element are independently controlled such that electro-
chemical deposition of material from the solution (or gas) is
varied at each region in the array.

[0050] In this embodiment, substrate 205 can be porous or
non-porous and is comprised of one or more electrically
insulating materials, such as polymers, plastics, pyrex,
quartz, resins, silicon, silica, silica-based materials, carbon,
inorganic glasses, inorganic crystals, and membranes. Other
suitable substrate materials will be readily apparent to those
of skill in the art. In an exemplary embodiment, the substrate
comprises silicon dioxide. The most appropriate substrate
will depend on the electrodes employed and the class of
materials to be synthesized. The spatially addressable elec-
trodes are preferably formed of a metal such as platinum,
copper, aluminum, silver, or gold although a variety of other
materials such as carbon or doped semiconductor may also
be used.

[0051] In another embodiment, the electrolyte fluids are
isolated around each electrode/counter electrode unit, thus
creating an array of wells.
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[0052] In another embodiment of the invention, continu-
ous variations in the electric field are created using resistive
substrates and electric field gradient deposition to deposit
powders over selected library elements. In this process,
powder accumulates in proportion to the electric field cre-
ated by gradients in the charge distribution on the resistive
substrate. Different charge distribution patterns can be cre-
ated for each charged material source material. Through
repeated deposition steps, a variety of materials may be
serially deposited.

[0053] FIG. 4 illustrates the above embodiment in which
one or more source materials 405 are deposited on a sub-
strate 410 having an array of spatially addressable electrodes
415. In this technique, electrode array 415 and substrate 410
are first submersed in a fluid bath 420 comprising a solution
of ionic species. Source materials 405 are then introduced
into the bath 420 and an electric potential is applied to one
of the electrodes within array 415 such that a first component
of the source material is deposited onto that electrode. A
second electric potential is applied to a second spatially
addressable electrode within array 415 and a second com-
ponent of the source material is deposited onto that elec-
trode. Those of skill in the art will readily appreciate that
these steps are repeated multiple times until a diverse set of
known components/materials are formed on the substrate at
known locations. It should be understood that the different
electrode potentials can be applied sequentially as described
above, or simultaneously such that the various components
are deposited substantially simultaneously onto array 415.

[0054] Another embodiment of the invention is illustrated
in FIG. 5. In this embodiment a resistive electrode 505 is
used in order to obtain a continuous spatial variation in the
electric potential over the surface of the electrode. Resistive
electrode 505 is formed of graphite, doped semiconductor,
or other resistive material and is either coupled to or integral
with the substrate. In addition, electrode 505 may actually be
the substrate. Resistive electrode 505 may or may not have
individual discrete elements of conducting material depos-
ited thereon, the discrete elements being tailored to specific
chemical compounds. As with the previously described
embodiment, a reference electrode may be utilized which is
continuous and constant or, alternatively, continuous and
varying. As illustrated in FIGS. 5 and 6, the electric
potential field distribution varies substantially continuously
in accordance with the current distribution determined by
the location of a plurality of electrical contacts 510 and their
voltages. In this case, electrode 505 provides a different
electric potential at each point within the electrode due to the
voltage drop across the material’s resistance. Thus different
deposition patterns, as illustrated in the examples of FIGS.
5 and 6, may be obtained. As in the prior embodiments,
repeating the deposition step with a variety of source mate-
rials allows a diverse set of components/materials to be
formed on a single substrate.

Magnetic Potential Arrays

[0055] In another aspect of the invention, magnetic poten-
tials can be used alone or in combination with electrochemi-
cal masking for the preparation and deposition of a more
limited, but very important, class of materials. Many mag-
netic transition metals (e.g., Fe, Co, Ni), or molecules,
clusters, or other structures that contain a transition metal,
have sufficiently large magnetic moments to be deposited
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using magnetic field gradients. Magnetic field arrays can be
created by controllable electromagnet library elements or on
magnetic thin-film substrates, whereby the magnetic gradi-
ents are created in specific spatial patterns by selectively
changing the film magnetization in much the same manner
as information is written to hard disk drives. Dry powders,
suspensions, or molecules possessing net magnetic moments
will be attracted within the magnetic field gradient and
accumulate onto the substrate in proportion to the field
strength at each library element.

[0056] In an embodiment illustrated in FIG. 7, a spatially
varying magnetic potential is generated over a substrate 705
by an array of spatially addressable magnets 710, preferably
electromagnets. Magnets 710 may or may not be attached to
or part of substrate 705. Each magnet 710 is present at a
known location and can be controlled independently of the
other magnets in order to create a spatially varying magnetic
field gradient. The magnetic field gradient provides the
necessary force on the source materials having a magnetic
moment, thus depositing them on the substrate in a prepro-
grammed manner. Substrate 705 may be formed from a
variety of materials including, for example, metals, poly-
mers, silicon, silica, silica-based materials and ceramics.
The most appropriate substrate depends on the material to be
created at the reaction site, the method of reaction, and the
class of materials to be synthesized.

[0057] In use with the present invention, one or more
source materials are provided adjacent to substrate 705 and
array 710. The materials may be suspended in a fluid over
the substrate, or delivered onto the substrate as dry particles.
Afirst magnetic field is applied to a first magnet 715 of array
710, causing a first component 720 of the source material to
be deposited. A second magnetic field having a different
potential than the first magnetic field is then applied to a
second magnet 725 causing a second component 730 of the
source material to be deposited. Those of skill in the art will
readily appreciate that these steps are repeated multiple
times with multiple different components until a diverse set
of known components/materials are formed on the substrate
at known locations. Also, it should be understood that the
magnetic fields can be applied sequentially or simulta-
neously.

[0058] In a further embodiment, the present invention
provides a method for fixing the resulting materials onto the
substrate at the deposition site defined by the controllable
electromagnet. This fixation process may include, but is not
limited to, heating the site or substrate and then illuminating
the site or substrate with electrons or photons to initiate
reaction. In addition, the site of deposition may be a con-
ducting electrode. In this embodiment, a voltage applied to
the electrode can be used to initiate an electrochemical
reaction of the deposited materials, a hybridization of the
electrochemical embodiment with the magnetic embodi-
ment.

Chemical Potential Arrays

[0059] In another aspect of the invention, chemical poten-
tial gradients may be used alone or in combination with the
magnetic and electrochemical potentials described above to
deposit various materials onto a substrate. In this embodi-
ment, chemical potential gradients drive diffusion when the
concentration of species varies in space. This process is
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advantageously used in the present invention to achieve
spatially varying libraries of chemical compounds.

[0060] In one embodiment, an isotropic point molecular
source is positioned relative to the library substrate such that
the flux of molecules deposited on the substrate varies as the
inverse square of the distance to the substrate. Therefore
those spatial locations nearest the source receive the highest
deposition rate and those locations furthest from the source
receive the lowest deposition rate. Controlled motion of
multiple sources allows large variations in deposition to be
easily achieved. The molecular source and medium may
comprise laser sputtering, electron beam evaporation, or RF
sputtering in a vacuum, aerosolized spray or evaporation in
a fill gas, or a dispensed point source in an unstirred liquid
medium.

[0061] The components of the source materials are deliv-
ered from the source through a transport matrix and onto the
substrate under the influence of a chemical potential gradi-
ent. The transport matrix can be, for example, a uniform
vacuum space, liquid solvent, polyelectrolyte, neutral
porous solid or an intentionally heterogeneous material (e.g.,
designed diffusion gradients). The matrix itself can provide
a diffusion mask for source molecules such that deposition
in specific library regions can be controlled by the diffusivity
of the surrounding matrix. Mobility differences can be used
in a multidimensional mode to first segregate molecules on
the basis of their rate of movement under the influence of an
electric or magnetic field and then, secondarily, an electrical
potential can be made to attract the initially separated
species to specific library elements.

[0062] FIGS. 8 and 9 illustrate a spatially varying chemi-
cal gradient according to the present invention. The concen-
tration gradient is generated by the relative geometric place-
ment of the source material in relation to the substrate. In
this embodiment the system comprises an inert substrate 805
(e.g., silicon) and a vapor source 810 (e.g., a nozzle). Due to
the location of vapor source 810 relative to substrate 805,
different rates of deposition are received at different spatial
locations. FIG. 9 illustrates the technique of moving source
810 between consecutive deposition steps, thus achieving a
spatially varying pattern of combinations of many different
materials.

[0063] In another embodiment, the system comprises a
polymer gel polyelectrolyte wherein the substrate is a con-
ducting metal electrode. Ionic salts introduced at a finite
source into the polyelectrolyte diffuse and establish a diffu-
sion gradient whereby the concentration varies in a prede-
termined manner within the gel. The substrate within the gel
is in contact with the materials at different concentrations,
the concentrations being determined by the distance from
the source as well as the time from the introduction of the
source. The diffusing materials may be fixed to the substrate
and another, different, material introduced into the gel, either
at the same position or at a different position. A new gel may
also be used.

[0064] In another embodiment, a method for fixing the
materials at a deposition site 815 includes heating the site or
substrate and illuminating the site or substrate with electrons
or photons to initiate reaction. In addition, the deposition site
may be a conducting electrode and a voltage applied to the
electrode can be used to initiate an electrochemical reaction
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of the deposited materials, a hybridization of the electro-
chemical embodiment with the chemical potential embodi-
ment.

[0065] Lastly, the potential masking methods of combina-
torial library design and deposition described above can be
easily combined with other physical masking methods
whereby libraries can be partially created using one method
and then transferred to a different system for further depo-
sition.

[0066] The invention will be described in greater detail by
way of specific examples. The following examples are
offered for illustrative purposes, and are not intended to limit
the invention in any manner. Those of skill in the art will
readily recognize a variety of non-critical parameters that
can be changed or modified to yield essentially the same
results.

EXAMPLES

Example 1

[0067] This example illustrates the use of an array of
spatially addressable electrodes to prepare an array of 16
different resulting materials. In this example, an array of 16
platinum electrodes were fabricated on a silicon dioxide
substrate and placed in a bath together with a saturated
calomel reference electrode. A solution of 30 g/L boric acid,
0.005 M CuSO,, and 0.5 M ZnSO, (i.e., the source material)
was introduced into the chamber. Electrodes 1005 within the
array and their electrical potentials are shown in FIG. 10.

[0068] Sufficient current was passed through the array to
deposit approximately 100 nanometers in column four. No
deposition occurred in column one. In column two, only
copper was deposited whereas both copper and zinc were
deposited in the lower two rows of column three. Predomi-
nately zinc was deposited in row four even though the
potential was such that both copper and zinc were favored.
It is the higher concentration of zinc that favors its deposi-
tion. Pure copper and pure zinc depositions can be achieved
by using one ionic solution followed by the other.

[0069] Thereafter, the chamber was rinsed and a second
solution was introduced.

[0070] This time the solution contained 30 g/L boric acid,
0.005 M NiCl,, and 0.5 M FeSO,,. The electrode potentials
were set as shown in FIG. 11. Only nickel was deposited in
rows one and two of columns one, two, and four. Both nickel
and iron were deposited in rows three and four of columns
one, two, and four. Predominantly iron plated out in column
three.

[0071] After approximately 100 nanometers was depos-
ited in column three, the library was again rinsed. After only
two bath changes, 16 different compositions were obtained.
An approximate ordering (most abundant to least) is illus-
trated in FIG. 11. In column one, the first two rows differ in
their thickness and trace iron content.

[0072] 1t should be noted that each electrode can be
charged for different lengths of time in order to achieve
nearly uniform thickness for differing compositions. More-
over, more complicated ionic solutions and potential con-
figurations are possible resulting in a large variety of com-
positions. In this example, mixed solutions were shown to
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indicate how co-deposition of two (or more) metal cations
can be achieved using solutions with mixtures of cations of
differing reduction potentials. Single element deposition
steps are easily accomplished using serial solutions contain-
ing single species.

[0073] Those of skill in the art will readily appreciate that
processing can also be done, if necessary, between deposi-
tions, in situ, by removing the solution of bulk carrier vapor
and heating the developing substrate and/or passing oxidiz-
ing or reducing gases over the substrate to complete more
complicated syntheses. Other ionic constituents can subse-
quently be reloaded into the deposition chamber and the
process continued.

Example 2

[0074] This example illustrates the preparation of a library
of II-VI based phosphors using the potential masking strat-
egies of the present invention. Doped alkaline earth sul-
phides have shown promise as efficient flat panel display
phosphors. Simple volatile compounds of the alkaline and
rare earth precursors are difficult to obtain. As a result,
conventional thin-film deposition techniques have made
little progress in this area. Simple, non-volatile ionic salts
are easily obtained, however, and form the basis for a
combinatorial synthesis of a family of phosphors. Again, by
the systematic variation of the electrode potentials and
current densities and the sequential replacement of the
solutions with an accompanying flow of H,S, a combinato-
rial library of alkaline earth sulfides can be formed.

[0075] Numerous possibilities exist for significant phos-
phor development within the II-VI family. Similar combi-
natorial strategies can be employed in the production of a
wide range of materials including, but not limited to, the
following:

[0076] i) ZnS:dopant wherein the dopant is selected
from the group consisting of Ag, Mg, Mn, Ni, Al, and
rare carths;

[0077] 1ii) ZnSe:dopant wherein the dopant is selected
from the group consisting of Ag, Mg, Mn, Ni, Al, and
rare carths;

[0078] iii) Cd, Zn S:dopant wherein the dopant is
selected from the group consisting of Ag, Mg, Mn,
Ni, Al, and rare earths; and

[0079] iv) ZnO:dopant wherein the dopant is selected
from the group consisting of Ag, Mg, Mn, Ni, Al, and
rare earths.

[0080] All of the foregoing combinations are amenable to
electrochemical synthesis and doping.

Example 3

[0081] This example illustrates the synthesis of heteroge-
neous catalysts using combinatorial alloy electro-deposition
techniques. The use of transition metals and binary transition
metal alloys as industrial catalysts is well known. Little,
however, is known about the possible role of ternary and
higher order metal-based alloys as catalytic materials. One
example of an application of potential masking is in the
programmed deposition of multiple metals on an electrode
array with electrically isolated and individually controllable
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electrodes (continuous electrode gradients could also be
used). The combinatorial library is then created using either:

[0082] i) Sequential, combinatorial mixtures of tran-
sition metal salts resulting in a number of different
stoichiometries deposited at the electrode(s); or

[0083] ii) Combinatorial I/V sequencing of the elec-
trode arrays resulting in a variety of different multi-
alloys deposited at the electrode(s), e.g.,
Pt Rh Ir,@V,,j;, Pt Rh Ir,, @V,,),, etc.

[0084] During the process of simultaneous metal electro-
deposition, the ratios of the current densities with which the
various metals are deposited are functions of the metals’
exchange-current densities, transfer coefficients, and differ-
ences among their equilibrium potentials. The larger the
value of a metal’s exchange-current density and the more
positive its equilibrium potential, the greater will be its rate
of deposition. Even in the case where a particular metal’s
deposition is not favored by its equilibrium potential (more
negative) or exchange current (lower), the metal’s rate of
deposition can be increased if its transfer coefficient is
greater than the others. In most alloy electro-depositions, the
predominance for deposition of one metal ion over another
is a strongly potential-dependent process due to the different
Tafel slopes of the individual species. By careful control and
alteration of both the supporting electrolyte and the elec-
trode materials, the potential masking strategies disclosed
herein are capable of producing a large number of higher
order alloy systems.

[0085] Another manner by which a metal with a less
positive equilibrium potential can be selectively deposited to
a greater extent is by limiting the mass transport of the more
positive metal species in the electrolyte. Such transport
masking of the metal salts provides another means with
which the electro-deposited alloys can be combinatorialized.

Example 4

[0086] This example illustrates the use of the potential
masking of the present invention and electro-polymerization
to prepare combinatorial libraries of optically useful poly-
mers. Most optically and electronically useful polymers are
based upon conjugated polymer structures. However, such
polymer systems suffer from poor stability resulting from a
number of destructive, photo-redox processes. Additional
complications arise due to the limited solubilities and,
therefore, processability of these conjugated polymer sys-
tems. Extensive synthetic exploration is required to stabilize
and solubilize useful polymers based on monomers such as
thiophenes, pyrroles, vinylphenylenes, and phenylene
oxides. Another interesting class of polymers is based on
transition metal complexes whose ligands include heteroaro-
matic moieties containing pendant vinyl or acetyl groups.
The presence of easily accessible, metal-based redox states
along with the ligands’ unsaturated substituent groups
results in systems that are easily polymerized by electro-
chemical means.

[0087] In an effort to stabilize conjugated polymers
towards photoredox processes, increase their solubility, and
enhance their processability, a variety of substituents can be
added to the polymer precursors. At the same time, these
substituent groups have been shown to have a strong influ-
ence on the electronic, optical and mechanical properties of
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the polymer systems. The electrode arrays and diffusion
gradients described herein can provide a powerful new
methodology for the synthetic exploration of a larger variety
of substituents than ever before possible.

[0088] An array of electrodes, for example as illustrated in
FIG. 2, has electrodes with individually controlled poten-
tials (V) and currents (j). The material precursors containing
the substituent groups are contained in the input stream
(feedstock). By combinatorially controlling both the feed-
stock and the V,j parameters at individual electrodes within
the array, stoichiometric and conformational parameter
space can be explored in a systematic manner. Variations in
V,j across the array gives rise to the desired variations in
degree of cross-linking, ligand coupling, etc.

Example 5

[0089] This example illustrates the use of a 4x4 spatially
addressable array for the electrochemical preparation of a
ternary Sn—Ru—DPt library having 16 different composi-
tions.

[0090] In this example, an array of 16 indium tin oxide
(ITO) electrodes was fabricated on a glass substrate as
illustrated in FIG. 13. Electrodes 1301 within array 1303 are
accessible by pads 1305 on the edges of substrate 1307. An
insulating layer 1309, which may for example be formed of
photoresist, alumina, silica or some other easily deposited
insulating layer, allows for the electrochemical deposition of
metals from solution onto electrodes 1301, but not on
connecting wires 1311.

[0091] In this example, three different combinatorial
approaches to the fabrication of an electrochemically depos-
ited array were explored on a single substrate, illustrating the
versatility of the technique. By varying the composition of
the electroplating solutions, applying varying potentials to
the electrodes, and using metals that have differing reduction
potentials, complicated ternary metal compositions can be
achieved in a simple 4x4 array. Although not explored in this
example, single element serial deposition steps, variations in
the time and the amount of current passed, and increasing
the number of metal ions to be deposited from solution
(more than three) are obvious variants to develop more
intricate libraries.

[0092] For this example, the ternary Sn—Ru—Pt library
was prepared using solutions of 0.1 M H,PtCl, 0.1 M RuCl,
and 0.1 M SnCl, in 0.5 M H,SO,. In a deposition chamber
similar to that described in example 1, the 4x4 ITO array, a
silver/silver chloride (Ag/AgCl) reference electrode, and a
platinum mesh counter electrode were set up. After the
addition of the appropriate amount of a particular electro-
plating solution, a given electrode was addressed by con-
necting it to a potentiostat (not shown) and applying a
predetermined series of voltage pulses using potential square
wave voltammetry. In this example each of the electrodes
was first subjected to a 1 second voltage pulse of 0 volts
versus the reference electrode followed by a 1 second pulse
at a predetermined potential between -0.3 volts and -1 volt
before being returned to 0 volts. A total of 30 of these cycles
were applied to each electrode.

[0093] FIG. 14 illustrates the conditions under which the
ternary Sn—Ru—Pt library described in this example was
prepared. Electrode 1,1 (column, row) was intentionally left
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blank in order to later determine the indium and tin com-
positions of the underlying ITO electrodes. Row 1 was
prepared at a constant potential of -0.75 volts while the
solution content was varied from pure Sn (electrode 1,2) to
1:1 Sn:Ru (electrode 1,3) to 1:1:1 Sn:Ru:Pt (electrode 1,4).
Rows 2 and 3 were prepared by keeping the solution
composition constant (1:1:1 Sn:Rw:Pt) while varying the
potential between -0.3 volts and -1 volts. Row 4 was
prepared by varying the solution composition in favor of the
less easily reduced metals (Sn and Ru) while sequentially
varying the potential between —0.3 volts and -1 volt.

[0094] Although four different solutions are required to
prepare the complete Sn—Ru—Pt library, removal and
replacement of portions of the solutions starting with pure
0.1 M SnCl, and ending up with a 2.5:2.5:1 Sn:Ru:Pt
solution is easily accomplished in situ and eliminates the
need for rinsing steps. Starting with the pure Sn solution, the
electrochemical deposition of Sn metal is accomplished on
electrode 1,2. Removing exactly half of this solution and
replacing it with an equivalent amount of the 0.1 M RuCl,
solution gives a 1:1 Sn:Ru solution used for the deposition
of a Sn/Ru composition on electrode 1,3. Removing exactly
one third of this solution and replacing it with an equivalent
amount of the 0.1 M H,PtCl, solution gives a 1:1:1 Sn:Ru:Pt
solution used for the depositions of Sn/Ru/Pt compositions
on electrodes 1,4 to 3,4. Removing exactly one half of this
solution and replacing it with an equivalent amount of the
1:1 Sn:Ru solution gives a 2.5:2.5:1 Sn:Ru:Pt solution used
for the deposition of Sn/Ru/Pt compositions on electrodes
4,1 to 4,4. According to this procedure, at no time does the
array need to be removed from the bath in order to complete
the ternary Sn—Ru—~Pt library.

[0095] The results of the above-described depositions
showing the percentages of Sn, Ru and Pt (corrected for the
Sn content of the underlying ITO electrodes and normalized
to 100% ) plated out on each electrode are summarized in
Table I.

TABLE 1

Electrode % Sn % Ru % Pt  Electrode % Sn % Ru % Pt

1,1 0 0 0 3,1 8.3 144 773
1,2 100 0 0 3,2 8.5 9.7 818
1,3 773 227 0 3,3 13.5 13.1 73.4
1,4 231 135 63.4 3.4 10.8 13.8 75.4
2,1 12.3 242 63.5 4,1 17.3 28.3 54.4
2,2 17.7 161 66.2 4,2 20.6 282 512
2,3 179 149 67.2 4,3 222 286 49.2
2.4 149 133 71.8 4.4 22.8 262 510

[0096] From this table some obvious and expected trends
are observed in the electrochemical deposition process. As
expected, electrode 1,2 contains only Sn; electrode 1,3
contains a mixture of Sn and Ru; and electrode 1,4 contains
a mixture of Sn, Ru and Pt. In general, since the Pt solution
is easiest to reduce, more negative potentials tend to plate
out more Pt. Comparison of the percent of Pt found in
electrodes 2,1 through 3,2, for example, shows this trend
nicely. This phenomenon can be counteracted by reducing
the concentration of Pt in solution as was done in the case
of electrodes 4,1 through 4,4. When compared to electrodes
1,4 through 3,4 which were prepared from the 1:1:1
Sn:Ru:Pt electroplating solution, the 1,4 to 4,4 electrodes
show a dramatic decrease in the percentage of Pt in the final
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deposit corresponding to the decrease in the ratio of Pt in the
2.5:2.5:1 Sn:Ru:Pt electroplating solution. Similar trends to
those described above exist for the Sn and Ru species in this
example.

[0097] Array Screening Techniques

[0098] Once prepared, the array of resulting materials can
be screened sequentially or in parallel for specific material
characteristics. Either the entire array or a section thereof
(e.g., a row of predefined regions) can be screened. Prefer-
ably the array is synthesized on a single substrate, thus
maximizing the efficiency of the screening procedure. Fur-
thermore, the individual electrodes of the array can be used
to screen the materials contained at the predefined regions
for specific electrochemical characteristics (e.g., ac imped-
ance). Table II provides an overview of some of the prop-
erties that can be screened using the present invention.

[0099] At least some of the properties listed in Table IT can
be screened for using conventional methods and devices.
Scanning systems which can be used to screen for the
properties set forth in Table II include, but are not limited to,
the following: scanning Raman spectroscopy; scanning
NMR spectroscopy; scanning probe spectroscopy including,
for example, surface potentialometry, tunnelling current,
atomic force, acoustic microscopy, shearing-stress micros-
copy, ultra fast photo excitation, electrostatic force micros-
copy, tunneling induced photo emission microscopy, mag-
netic force microscopy, microwave field-induced surface
harmonic generation microscopy, nonlinear alternating-cur-
rent tunnelling microscopy, near-field scanning optical
microscopy, and inelastic electron tunneling spectrometry;
optical microscopy; scanning optical ellipsometry; scanning
Eddy-current microscopy; and electron microscopy.

TABLE II

Electrical Superconducitivity, critical current, critical magnetic field,

conductivity, resistivity for resistive films, dielectric con-

stant, dielectric strength, dielectric loss, stability under bias,

polarization, permittivity, piezoelectricity, electromigration

Coeflicient of expansion, thermal conductivity, temperature

variation, volatility and vapor pressure

Stress, anisotropy, adhesion, hardness, density, ductility,

elasticity, porosity

Morphology Crystalline or amorphous, microstructure, surface topo-
graphy, crystalline orientation

Thermal

Mechanical

Optical Refractive index, absorption, birefringence, spectral
characteristics, dispersion, frequency modulation, emission

Magnetic Saturation flux density, magnetorestriction, coercive force,
permeability

Chemical Composition, complexation, acidity-basicity, catalysis,

impurities, reactivity with substrate, corrosion and erosion
resistance

[0100] More particularly, to screen for conductivity and/or
superconductivity, one of the following devices can be used:
a scanning RF susceptibility probe, a scanning RF/micro-
wave split-ring resonator detector, or a scanning supercon-
ductor quantum interference device (SQUID) detection sys-
tem. To screen for hardness, a nano-indentor can, for
example, be used. To screen for magnetoresistance, a scan-
ning RF/microwave split-ring resonator detector or a
SQUID detection system can be used. To screen for crys-
tallinity, 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
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resonator detector, a SQUID detection system or a Hall
probe can be used. To screen for fluorescence, a photode-
tector or a charged-coupled device camera can be used. To
screen for catalytic activity or lifetime, infrared techniques
may be used that measure the endothermic or exothermic
output of the array.

[0101] A more complete description of exemplary meth-
ods and apparatus for screening arrays of materials can be
found in commonly assigned, co-pending U.S. Provisional
Application, Serial No. 60/050,949, filed Jun. 13, 1997, the
complete disclosure of which is incorporated herein by
reference for all purposes.

[0102] As will be understood by those familiar with the
art, the present invention may be embodied in other specific
forms without departing from the spirit or essential charac-
teristics thereof. Accordingly, disclosure of the preferred
embodiment of the invention is intended to be illustrative,
but not limiting, of the scope of the invention which is set
forth in the following claims.

What is claimed is:

1. An apparatus for applying components of one or more
source materials to spatially addressable, predefined loca-
tions onto a substrate, the apparatus comprising:

at least one source material; and

a potential assembly for applying a spatially varying
potential across said substrate, said spatially varying
potential causing components of said source material to
deposit at said spatially addressable, predefined loca-
tions.

2. The apparatus of claim 1, wherein said spatially varying

potential is a spatially varying electric potential.

3. The apparatus of claim 1, wherein said spatially varying
potential is a spatially varying magnetic potential.

4. The apparatus of claim 1, wherein said spatially varying
potential is a spatially varying chemical potential.

5. The apparatus of claim 2, wherein the potential assem-
bly comprises a power source and an array of spatially
addressable working electrodes coupled to or embedded
within said substrate, said working electrodes being coupled
to said power source such that a different potential may be
applied to each of said working electrodes.

6. The apparatus of claim 5, further comprising a refer-
ence electrode coupled to said power source.

7. The apparatus of claim 5, further comprising a plurality
of reference electrodes coupled to said power source,
wherein each of said reference electrodes is located adjacent
to each of said spatially addressable working electrodes.

8. The apparatus of claim 5, wherein each of said spatially
addressable, predefined locations is defined by each of said
working electrodes.

9. The apparatus of claim 2, further comprising an ionic
solution in contact with said substrate.

10. The apparatus of claim 1, wherein said substrate is
formed from a material selected from the group consisting of
polymers, plastics, pyrex, quartz, resins, silicon, and silica-
based materials.

11. The apparatus of claim 5, wherein said substrate
comprises silicon dioxide and said spatially addressable
working electrodes are metal electrodes.

12. The apparatus of claim 1, further comprising an
enclosure housing said substrate therein, wherein said sub-
strate is immersed in a bath of said source material.
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13. The apparatus of claim 12, wherein said bath further
comprises a solution of ions.

14. The apparatus of claim 2, wherein said potential
assembly comprises a working electrode and a reference
electrode, wherein said electric potential of said working
electrode varies substantially continuously across a surface
of said working electrode.

15. The apparatus of claim 14, wherein said substrate is a
resistive material.

16. The apparatus of claim 3, wherein said potential
assembly comprises an array of spatially addressable mag-
nets each having a pole positioned adjacent said substrate.

17. The apparatus of claim 16, wherein said magnets are
coupled to or embedded in the substrate.

18. The apparatus of claim 16, wherein said source
materials possess net magnetic moments, and wherein said
magnets create spatially addressable magnetic field gradi-
ents that attract components of said source materials such
that said source materials accumulate adjacent to each of
said magnets in proportion to a field strength of each of said
magnets.

19. The apparatus of claim 4, wherein said source material
is positioned relative to said substrate such that a flux of said
components deposited onto said substrate varies across said
substrate.

20. The apparatus of claim 19, wherein said source
material comprises an isotropic point molecular source.

21. The apparatus of claim 19, wherein said substrate and
said source material are movable relative to each other such
that a spatially varying pattern of combinations of materials
may be deposited onto said substrate.

22. The apparatus of claim 19, further comprising a
transport matrix positioned between said substrate and said
source material, said transport matrix providing a diffusion
mask for said source materials, said diffusion mask control-
ling deposition of said components of said source materials
onto said spatially addressable, predefined regions.

23. The apparatus of claim 1, wherein said potential
assembly is configured to apply said components of said
source materials onto said substrate in patterns, said patterns
allowing comparison of specific material characteristics of
said materials deposited at said spatially addressable, pre-
defined locations.

24. The apparatus of claim 1, wherein said potential
assembly is capable of depositing at least 9 different mate-
rials to at least 9 different locations of said spatially addres-
sable, predefined locations.

25. The apparatus of claim 1, wherein said substrate
comprises at least 1 spatially addressable, predefined loca-
tion per square centimeter.

26. A method of applying components of one or more
source materials to spatially addressable, predefined loca-
tions on a substrate, said method comprising the steps of:

applying a spatially varying potential across said sub-
strate; and

depositing at least two components of at least one source
material onto at least two spatially addressable, pre-
defined locations on said substrate.
27. The method of claim 26, wherein said applied spa-
tially varying potential is an electric potential.
28. The method of claim 26, wherein said applied spa-
tially varying potential is a magnetic potential.
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29. The method of claim 26, wherein said applied spa-
tially varying potential is a chemical potential.

30. The method of claim 27, wherein said depositing step
comprises contacting said substrate with an ionic solution to
generate electrochemical deposition of said components of
said source material.

31. The method of claim 27, wherein said applying step
comprises applying said electrical potential to a plurality of
spatially addressable working electrodes located at said
spatially addressable, predefined locations, wherein said
electric potential varies at each working electrode to vary
said component deposited onto said corresponding spatially
addressable, predefined location.

32. The method of claim 26, wherein said applying step
comprises:

applying an electrical potential to a working electrode,
wherein said electrical potential varies along a length
and a width of said working electrode;

providing a first component of said source materials to
said working electrode to deposit said first component
onto a first spatially addressable, predefined location;
and

providing a second component of said source materials to
said working electrode to deposit said second compo-
nent onto a second spatially addressable, predefined
location.

33. The method of claim 26, wherein said applying step
comprises applying a spatially varying magnetic potential to
an array of spatially addressable magnets, each magnet
having a pole positioned adjacent to said substrate.

34. The method of claim 29, wherein said applying step
comprises delivering a first component of said source mate-
rial positioned a distance from said substrate, and allowing
first component of said source material to deposit onto said
substrate such that a flux of components varies across said
substrate.

35. The method of claim 34, further comprising the steps
of:

moving said source material relative to said substrate; and

delivering a second component from said source material
to generate a spatially varying pattern of combinations
of said first and second components on said substrate.

36. The method of claim 26, further comprising applying
the components of said source materials onto said substrate
in patterns that allow comparison of at least one specific
material characteristic.

37. The method of claim 26, wherein at least 9 different
materials are deposited on at least 9 different locations of
said spatially addressable, predefined locations.

38. A material having a desired property prepared by a
process comprising the steps of:

applying a spatially varying potential across a substrate;

depositing at least ten components of at least one source
material onto at least ten predefined, spatially addres-
sable locations on said substrate to form an array of
resulting materials on said substrate;

screening said array of resulting materials for said desired
property; and

determining which of said screened resulting materials
has said desired property.
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39. An apparatus for screening a plurality of materials for means associated with said plurality of electrodes for
a specific material characteristic, the apparatus comprising: testing each of said plurality of materials for said
specific material characteristic.
40. The apparatus of claim 39, wherein said specific
material characteristic is an AC impedance.

an array, wherein said plurality of materials correspond to
a plurality of predefined locations on said array;

a plurality of electrodes, wherein said plurality of elec-
trodes correspond to said plurality of predefined loca-
tions; and ® ok % % %



