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(57) Abstract

A technique for creating patterns of material deposited
on a surface involves forming a self-assembled monolayer in
a pattern on the surface and depositing, via chemical vapor
deposition or via sol-gel processing, a material on the surface
in a pattern complementary to the self-assembled monolayer
pattern. The material can be a metal, metal oxide, or the
like. The surface can be contoured, including trenches or
holes, the trenches or holes remaining free of self-assembied
monolayer while the remainder of the surface is coated.
When exposed to deposition conditions, metal or metal
oxide is deposited in the trenches or holes, and remaining
portions of the article surface remain free of deposition. The
technique finds particular use in creation of conductive metal
pathways selectively within holes passing from one side of
a substrate to another.
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SELF-ASSEMBLED MONOLAYER DIRECTED PATTERNING OF SURFACES

Field of the Invention

The present invention relates generally to the derivatization of surfaces with self-
assembled monolayers using microcontact printing, and more particularly to selective
derivatization of raised portions of substrates, selective derivatization of indentations in
substrates, and chemical vapor deposition and sol-gel deposition on substrates in patterns

dictated by patterns of self-assembled monolayers.

Related Application

This application claims priority to U.S. Provisional Patent Application Serial No.
60/007,058, filed August 18, 1995 by Clem, et al., and entitled “Patterned Materials

Deposition Effected With Microcontact Printing”, incorporated herein by reference.

Background of the Invention

In the fields of microfabrication for microelectronic devices, microoptical devices,
and microbiological devices, precision, reproducibility, and small feature size is important.
The development of devices that are small relative to the state of the art and conveniently and
relatively inexpensively reproduced is a goal. A well-known method of production of such
devices is photolithography. In this technique a negative or positive resist (photoresist) is
coated onto an exposed surface of a material. The resist then is irradiated in a predetermined
pattern, and irradiated (positive resist) or nonirradiated (negative resist) portions of the resist
are removed from the surface to produce a predetermined resist pattern on the surface. This
can be followed by one or more procedures such as etching, plating, and the like. X-ray and
electron-beam lithography have found similar use.

While irradiative lithographic methods may be advantageous in many circumstances,
all require relatively sophisticated and expensive apparatus to reproduce a particular pattern,
and are relatively time-consuming. Additionally, these techniques are not easily employed
with nonplanar surfaces. In the field of electronic circuitry, an attempt is often made to save

space by stacking planar circuit boards or chips, the boards or chips interconnected with
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auxiliary contacts. Alternately, a board or chip may be bent or otherwise formed in a
nonplanar manner so as to save space, auxiliary contacts connecting components on different
sides of the bend. All too often these auxiliary contacts are the cause of circuitry failure, and
the attempt to move from the two-dimensional domain to a three-dimensional domain fails.
Irradiative lithography provides no remedy to this complication, nor does it provide a method
of conveniently and inexpensively reproducing an existing microelectronic circuit pattern, or
the surface morphological features of other objects of interest.

U.S. Patent No. 5,512,131 (Kumar and Whitesides) entitled “Formation of
Microstamped Patterns on Surfaces and Derivative Articles”, issued October 4, 1993,
describes a technique for patterning a material surface with an elastomeric stamp. The
stamping surface of the stamp is coated with a self-assembled monolayer-forming species
having a functional group selected to bind to a particular material. The stamping surface is
placed against a surface of the material and, when removed, a self-assémbled monolayer of
the species is created on the surface according to the stamping surface pattern. Etching and
plating can follow.

Microfabrication of patterned materials such as metals and oxides is a very important
area of current research and development. Integration of oxide thin films with semicohductor
substrates is a critical technology for a variety of microelectronic memory and circuit
applications. Current technology of patterning oxides typically involves uniform deposition
followed by post-deposition etching. This processing can present difficulties with respect to
nonuniform etch rates and ill-defined typography and large index gradients. In particular,
LiNbO; is especially inert and etch-resistant and these obstacles have led to the use of in-
diffusion and ion-exchange techniques to fabricate waveguides.

Copper, prized for its high conductivity and resistance to electromigration, is
difficult to pattern as fine lines using conventional techniques such as reactive ion etching.
Low throughout of ion-milling processes further complicates the design of a practical
commercial process. Chemical vapor deposition is widely used for deposition of metals and
ceramics on surfaces, but a simple, convenient technique for patterning a surface using
chemical vapor deposition is lacking.

Accordingly, it is an object of the present invention to provide a convenient technique

for creating patterned features of metals, oxides, and other materials on surfaces in a manner
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that minimizes process steps, reduces fabrication costs, and eases environmental concerns by
reducing the quantity of chemical process waste. It is another object to provide a technique
for selective deposition of such materials in indentations of articles having contoured

surfaces.

Summary of the Invention

The present invention provides techniques for depositing material, in a pattern, on a
substrate surface while leaving regions contiguous with the patterned region free of the
material or removing material from regions to leave the material in the pattern. A blocking
agent is applied to the surface in a pattern and material is deposited in a pattern
complementary to the blocking agent pattern, or material is deposited at all regions but
removed from the blocking agent pattern. According to one aspect, the method involves
effecting chemical vapor deposition on a substrate in a predetermined pattern. The method
involves forming on a substrate a blocking agent such as a polymeric agent or a self-
assembled monolayer (SAM) of a molecular species in a pattern which acts to block chemical
vapor deposition (CVD) where the self-assembled monolayer is formed, and exposing the
surface to chemical vapor deposition conditions. Chemical vapor deposition is thereby
allowed to occur selectively at regions not covered by the blocking agent. Thus, the method
involves allowing a SAM to dictate a pattern in which CVD occurs at a surface. In one
embodiment, the method involves transferring a SAM-forming molecular species from an
applicator to the surface in a pattern so as to transfer a SAM to a first portion of the surface,
while leaving a second portion contiguous with the first portion free of SAM, effecting
chemical vapor deposition at the portion of the substrate not covered by the SAM, and
removing the SAM. In this and/or other techniques of the invention, the applicator can be a
stamp having a conformable surface that is used to transfer the SAM-forming species to the
substrate surface. The stamp can have a patterned surface with protrusions and indentations,
the outward-facing surfaces of the protrusions defining a stamping surface, or éan be
essentially flat. The applicator can be an elastomeric polymer. |

The present invention provides, according to another aspect, a method involving
depositing a pattern of a material such as a metal or metal oxide on a substrate. According to

one embodiment, the method involves forming a blocking agent such in a pattern on a
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substrate and exposing the substrate to a sol-gel precursor of the material and allowing the
material to form on the substrate in a pattern dictated by the pattern of the blocking agent.
The technique can involve applying a SAM-forming molecular species to a surface of an
applicator such as a stamping surface of stamp, contacting a first portion of a substrate with
the applicator surface to transfer a SAM to the first portion while leaving a second portion of
the substrate contiguous with the first portion free of SAM, applying a sol-gel precursor to the
substrate and depositing the material at the second region of the substrate, and removing the
oxide from the first portion of the substrate leaving the deposited material at the second
portion. In one embodiment, the sol-gel precursor is a precursor of a metal oxide, including a
metal or metals selected from the group consisting of Bi, Zr, Sr, Sc, Ta, Li, Nb, Pb, Ti, Ba,
and combination thereof. For example, the sol-gel precursor can be a precursor of lead
zirconium titanate, barium strontium titanate, lead scandium tantalate, lithium niobate, lead
lanthanum titanate, lead zirconium titanate, barium strontium titanate, barium titanate,
tantalum oxide, or a combination of any of the above.

The invention provides, according to another aspect, a method that involves providing
an article having a surface including a plurality of protrusions having outward-facing surfaces
contiguous with regions that intervene the outward-facing surfaces, and forming on at least
one outward-facing surface a SAM-forming molecular species while leaving regions that
intervene the outward-facing surfaces essentially free of the moleqular species.

The invention provides, according another aspect, a method that involves providing an
article having a surface including at least one indentation and a region contiguous with the
indentation, and forming on the surface at the region contiguous with the indentation a SAM-
forming molecular species while leaving the surface at the indentation essentially free of the
molecular species.

In each of the methods described herein, one or any number of protrusions, or one or ‘
any number of indentations can be included in the surface. In addition, planar or nonplanar
surfaces can be derivatized. Techniques of the invention can further include applying, via
chemical vapor deposition or solution deposition such as sol-gel deposition, material to
regions of the surface of the substrate dictated by the SAM pattern. The present invention
also provides articles formed in accordance with methods described herein.

The invention also provides a method involving providing an article having a
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contoured surface including at least one indentation and a region contiguous with the
indentation, and forming a self-assembled monolayer at the region contiguous with the
indentation while leaving the indentation essentially free of the self-assembled monolayer.

Also provided is a method involving applying to at least one portion of a surface of an
article a CVD blocking agent from an applicator, and exposing the surface to chemical vapor
deposition conditions.

Th invention also involves exposing a nonplanar surface to chemical vapor deposition
conditions and allowing material to be deposited on a first portion of the surface while
blocking a second, contiguous portion of the surface from deposition.

Also provided is a method involving exposing a surface, on at least a first portion of
which is a blocking agent, to a sol-gel precursor of a material to be deposited at the surface.

The invention also provides a method involving depositing, from a sol-gel precursor
solution, a metal oxide on a first portion of a surface of a substrate while allowing second
portions of the substrate surface contiguous with the first portion to remain free of the metal
oxide, the first portion of the substrate surface having a lateral dimension of less than about 5
pm.

A method of exposing a substrate surface to CVD conditions is provided as well, and
involves depositing material on a first portion of the substrate surface selectively at a rate of
at least about 300 Angstroms per minute growth of material while preventing material from
being deposited at a second portion of the substrate surface contiguous with the first portion.

The invention also provides a method involving depositing, via CVD or sol-gel
processing, material proximate first and second portions of a substrate surface, and removing
the material from the first portion while allowing the material to remain at the second portion.

Other advantages, novel features and objects of the invention will become apparent
from the following detailed description of the invention when considered in conjunction with
the accompanied drawings which are schematic and which are not intended to be drawn to
scale. In the Figures, each identical or nearly identical component that is illustrated in
various Figures is represented by a single numeral. For purposes of clarity, not every

component is labeled in every Figure.

Brief Description of the Drawings
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FIGS. 1a-1d illustrate schematically microcontact printing of a SAM on a surface
followed by sol-gel deposition and removal of the oxide;

FIGS. 2a-2c illustrate patterning a SAM on a planar surface using microcontact
printing followed by CVD of metal;

FIGS. 3a-3c illustrate patterning a SAM on a nonplanar surface followed by CVD of
metal on regions of the surface not protected by the SAM;

FIG. 4 illustrates application of a SAM to a nonplanar surface that can be further
modified via CVD or solution deposition;

FIGS. 5a and 5b illustrate (a) a photocopy of an optical micrograph of patterned
LiNbO; on a silicon surface in accordance with the invention, and (b) Auger electron
spectroscopy (AES) line scans across the lines of FIG. 5a;

FIGS. 6a-6¢ are photocopies of (a) strip waveguides of LiNbO,, with widths from 4
pm to 40 pm, (b) illumination of patterned strip waveguides 4 um to 120 pm in width, and ©
excitation of TE, mode in 120 pm wide, 80 nm strip waveguides;

FIGS. 7a and 7b are (a) Cu, K = 0-20 x-ray diffraction patterns of LINbO, on sapphire
and (b) a rocking curve of (00.L) LiNbO,;

FIGS. 8a-8c are photocopies of (a) patterned Pb, ;,,La,TiO; (PLT) pads with 200 um
widths fabricated in accordance with the invention suitable for decoupling capacitor
applications, (b) x-ray data of PLT (1%) on ITO indicating tetragonal ferroelectric phase, and
© x-ray data of PLT (28%) on ITO indicating a cubic paraelectric phase with diffuse phase
transformation;

FIGS. 9a-9c are photocopies of (a) a SEM of a patterned SAM on an alumina surface,
(b) lines of copper deposited by selective CVD on the surface illustrated in FIG. 9a, the
copper pattern complementary to the SAM pattern, and © corresponding AES line scan on
the sample of FIG. 9b in the direction perpendicular to the lines of copper;

FIGS. 10a-10c are photocopies of SEMs of copper applied by CVD to substrates
whose surfaces were (a) underivatized, and (b, c) derivatized by a monolayer of SAM at the
outward-facing surfaces of protrusions (b) or on an essentially planar surface at regions with
the exception of indentations (c);

FIG. 11 is a photocopy of a micrograph of a pattern of copper deposited via low-

throughput CVD on a substrate patterned with a SAM, in a pattern complementary to the
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SAM pattern;

FIGS 12a and 12b are photocopies of (a) a micrograph of a pattern of copper
deposited via high-throughput CVD on a substrate patterned with a SAM, and (b) a
micrograph of the surface of FIG 12a after mild abrasion to remove copper from SAM-
protected regions; and

FIG. 13 is a photocopy of an SEM image of a polyurethane blocking agent formed on

a substrate.

Detailed Description of the Invention

The following documents are incorporated herein by references for all purposes:

U.S. Patent No. 5,512,131, filed October 4, 1993, issued April 30, 1996, by Kumar et
al.;

Commonly-owned, co-pending U.S. Patent Application Serial No. 08/397,635, filed
March 1, 1995 by Whitesides et al., and its CIP, U.S. Patent Application Serial No.
08/676,951, filed July 8, 1996; | ‘

“Chemical Vapor Deposition of Copper for Multi Level Metalization” by A.E.
Kaloyeros and M.A. Fury, MRS Bulletin, June, 1993 pages 22-29;

“LiNbO; Waveguide Devices” by M. Kondo, Journal of the Ceramics Society of
Japan, 101, 38-42 (1993); ’

“Efficient Direct Diode-Laser Frequency Doubling and Quasi-Phase-Matched LiNbO,
Waveguides” by X. Chao et al., Optics Letter, 17:11, June 1, 1992;

“Ferroelectric Thin Films IV”, B.A. Tuttle, et al., Materials Research Society
Symposium Proceeding Volume 361 pager 155-167, 269-287;

“The Chemistry of Metal CVD”, T.P. Kodas, M.J. Hampden-Smith, VCH (New
York) 1994.

The present invention involves the use of a blocking agent formed in a pattern on a
substrate surface for directing materials deposition in the micron and submicron range.
Lithography-free methods can be carried out using this technology for depositing patterned
metals via CVD, metal oxides, and the like without the need for extensive subsequent
processing. The need for high vacuum, complicated and expensive electronics, high

temperatures for processing, and a cleanroom environment thereby is avoided. Significant
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expensé is saved.

For purposes of illustration, much of the description of the invention below in
conjunction with the drawings describes a process in which a SAM is the blocking agent.
However, as discussed further below, a variety of blocking agents can be used, and the
invention lies in using a blocking agent at a surface to direct deposition of material and/or to
facilitate removal of deposited material from selected areas of the surface. A blocking agent
such as a SAM is applied to surfaces serve to control nucleation and adhesion of overlayers of
material from a precursor source, such as a CVD environment or a fluid precursor such as a
sol-gel. Material from such precursor sources adheres loosely and poorly to the blocking
agent, or is formed thereon with poor structural characteristics, and can be removed from the
blocking agent easily by thermal and/or mechanical agitation. In this manner, the blocking
agents direct material growth in a predetermined pattern. Materials such as copper, LiNbO,,
lead-lanthanum-titanate (PLT) and the like can be used as components of integrated optical
and DRAM devices, large substrate devices such as flat panel displays, and the like. The
methods eliminate many levels of processing, reduce waste, allow new applications for which
conventional projection lithography is inappropriate, and can be used on nonplanar (such as a
fiber, etc.) or planar substrates. Many commercial devices can be processed, such as
waveguides.

FIGS. 1a-1d illustrate schematically formation of a pattern of material on a substrate
in accordance with the invention. In FIG. 1a an applicator 10 inéludes a surface 12 including
indentations 14 and protrusions 15. The protrusions have outward-facing surfaces 16.
Surface 12, at least outward-facing portions 16 thereof, is coated with a SAM-forming species
17. When the applicator is applied to substrate 18 and removed, a SAM is formed at regions
20 of the substrate contacted by outward-facing surfaces 16 (defining a stamping surface) of
the protrusions, as illustrated in FIG. 1b. Intervening regions 22 of the substrate, which are
not contacted by the stamping surface, are free of SAM. A sol-gel precursor then is applied
to the surface of the substrate by, for example, dip coating or spin-casting. After heat
treatment amorphous oxide 19 forms at regions 22 and adheres well to the substrate, but
above regions 20 oxide is poorly adhered and easily removed by thermal and/or mechanical
agitation, resulting in the substrate 18 including oxide 19 patterned at portions 22 of the

substrate surface, that is, deposited on the substrate surface in a pattern complementary to the
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SAM pattern (FIG. 1d). The resulting article then can be exposed to conditions under which
the oxide is crystallized.

The resulting article includes well-defined features and can serve as waveguide,
decoupling capacitor, thin-film optical switch, optical modulator, optical matrix switch or the
like. Waveguides having high index gradients and other devices can be fabricated in this
manner to include well-defined features of a wide range of lateral dimensions. For example,
waveguides result having index gradients of greater than 0.1, greater than 0.25, greater than
0.5, or greater than 1 at 850 nanometers can be produced. A frequency doubling waveguide
resulting in blue light for optical communication can be produced according to the method.

Essentially any material that can be deposited via sol-gel techniques can be amenable
for processing according to the method of the invention. Ferroelectric and electrooptic
materials and sol-gel processing of a variety of precursors to form a variety of species is well
known to those of ordinary skilled in the art and can be applied and exploited by the method
of the invention. For example, materials such as PbScTaO,, (Pb, La)TiO, (PLT), LiNbO;,
KNbO;,, LiTa0s, potassium diphosphate, potassium triphosphate, PbMoO,, TeO, Ta,O;
BaTiO,, BBO crystals, Ba, Sr,TiO;, Pb(Zr,Ti)O;, SrTi0O;, bismuth strontium tantalate, and
the like.

FIGS. 2a-2c illustrate schematically one embodiment of the invention in which a
SAM dictates a pattern in which material is applied to a surface via CVD. InFIG. 2a an
applicator 10, including protrusions 15 having outward-facing surfaces 16, is used to transfer
a SAM-forming species 17 from outward-facing surfaces 16 and thereby to apply a SAM 21
in a pattern to portions 20 of substrate 18, leaving complementary portions 22 of the substrate
free of the SAM. Then, the surface is exposed to CVD conditions, whereby material 23 is
deposited selectively at portions 22. Gentle thermal, mechanical, or chemical agitation of the
surface can be used to remove the SAM, with or without any overlying material deposited via
CVD onto the SAM. The result is material 23, deposited in a pattern complementary to the
SAM pattern. Those of ordinary skill in the art will recognize that the term “CVD
conditions”, as used herein, involves subjecting a surface of a substrate to those conditions of
temperature, pressure (including vacuum), and chemical vapor at which CVD occurs at the
substrate surface.

CVD precursors suitable for use in accordance with the invention included inorganic
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precursors, metal-organic precursors, organometallic precursors, and any others capable of
leading to CVD. Precursors of metals such as silver, aluminum, gold, cobalt, chromium,
copper, manganese, nickel, lead, palladium, platinum, titanium, zirconium, and the like, or of
multi-metallic compounds of interest, can be used to produce a variety of CVD products.
These species, and others, can be provided with a variety of organic or inorganic ligands or
in inorganic form without ligands. Such are well known in the art. Any CVD apparatus, such
as hot and cold-wall reactors, can be used.

A particular SAM to be used with a particular CVD precursor can be selected, or
screened, as follows. A variety of SAMs can be formed on a substrate, the substrate can be
exposed to conditions of temperature and/or pressure (and/or vacuum) commensurate with a
desired CVD process, and the durability of the SAMs evaluated. SAMs durable under a
desired CVD condition will be suitable for use in methods of the invention involving CVD.
The combination should also be evaluated to assure that gentle thermal, chemical, or
mechanical agitation will remove the SAM along with the material deposited via CVD
thereupon. CVD materials and processes suitable for use in accordance with the invention are
described in “Chemical Vapor Deposition of Metals: Part 1. An Overview of CVD
Processes” by M.J. Hampden-Smith and T.T. Kodas, Chemical Vapor Deposition 1995, No.
1, pages 8-22. A similar screening test can be used to evaluate combinations of particular
SAMs and sol-gel precursors. 4

FIGS. 3a-3c illustrate an aspect of the invention that involves applying to outward-
facing surfaces of protrusions of an article, selectively, a SAM. In FIG. 3a, an applicator 24
having a substantially planar stamping surface 26 carries a SAM-forming molecular species
17 at surface 26. Arficle 28 includes a surface 30 including protrusions 32 having outward-
facing surfaces 34 contiguous with regions 36 that intervene the outward-facing surfaces 34.
Described alternatively, article 28 includes a surface 30 having indentations 36 contiguous
with remaining portions 34.

When stamping surface 26 is brought into contact with outward-facing surfaces 34, a
SAM 21 is transferred, selectively, to outward-facing surfaces 34. (FIG. 3b). Then, if article
28 is exposed to CVD conditions, a CVD product 27 is deposited selectively at intervening
regions 36. The SAM can then be removed, resulting in a pattern of material deposited via

CVD at intervening regions 36 not protected by the SAM. As in the above-discussed
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arrangement, CVD may result also in deposition atop SAM 21, but the material deposited
thereon will be weakly adhered and easily removed via agitation.

The sol-gel process described above with reference to FIGS. 1a-1d can be carried out
on a contoured surface as illustrated in FIGS. 3a-3c. In such an arrangement, material will be
deposited at indentations 36 selectively (with or without some weakly adhered material
deposition at SAMs 21). Following removal of SAMs 21 with or without overlying material,
material will remain at indentation 36. Where indentations 36 define channels in electronic
circuitry, such as passageways from one side of a circuit board to another, an advantageous
electrical connection pathway results. Although not illustrated in FIGS. 1, 2, or 3, this
embodiment can be envisioned with reference to FIG. 3c. Where article 28 is a flat article,
holes passing from one side of the article to another can be envisioned as indentation 36
passing completely through the article. Application of a SAM to one or both sides of the
article, followed by exposure to CVD conditions, will result in deposition within the holes
while one or both outer surfaces remain free of deposition or can be cleaned easily of
deposition atop SAMs.

In-another embodiment of the invention a combination of patterned SAMs and

CVD, at various throughput rates of CVD, results in selective CVD only at regions not
protected by the blocking agent (e.g.SAM), or CVD essentially at all locations. At higher
throughput rates, CVD can be made to occur on the substrate both at unprotected locations,
and at some or all locations protected by the blocking agent, and é subsequent lift-off
procedure removed material deposited at locations other than the originally-uhprotected
regions. Lift-off can be accomplished in most instances by mild, abrasive-free mechanical
polishing to remove material deposited atop SAMs with or without the SAMs. Lift-off also
can involve applying Scotch™ tape to the surface and peeling off the material atop the
SAMs, mild polishing on a cotton felt wetted with isopropanol, or the like. The technique has
been used to successfully deposit metal in a pattern including features (portions with lateral
dimensions) with sizes ranging from about 5 to about 250 um, on a variety of technologically
important substrates including ITO, titanium nitride, thermal and plasma-grown SiO,, Al,O;
and glass.

Although not specifically illustrated, this embodiment can be envisioned easily with

reference to FIGS. 2 and 3. FIGS. 2 and 3 are illustrative of embodiments of the invention in
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which CVD occurs selectively only at those regions not protected by SAM blocking agents or
masks. At higher throughput rates, CVD occurs not only at regions 22 of the substrate (FIG.
2c) or at indentations 36 (FIG. 3c), but occurs as well on SAMs 21. Following mild agitation,
material deposited atop the SAMs is removed, but material deposited elsewhere remains.
Thus, highly-selective CVD can be carried out at very high throughput rates. In particular,
throughput rates involving growth of material such as copper at a rate greater than about 300
Angstroms per minute, at a higher rate about 500 Angstroms per minute, and in a still higher
rate greater than about 800 Angstroms per minute, can be achieved. At lower throughput
rates, selective deposition can occur (no deposition at SAMs). for example at approximately
100 Angstroms per minute or approximately 200 Angstroms per minute.

Thus, the invention involves a technique for area-selective CVD at a surface that is
throughput-rate dependent, and a technique for CVD at a surface followed by mechanical lift-
off at selective regions that had been pre-treated with a blocking agent.

FIG. 4 illustrates an embodiment of the invention that involves rolling a curved
substrate 40 having a surface 42 over a surface 44 of an applicator 46, which surface includes
protrusions 48 having outward-facing surfaces 50 coated with SAM-forming species 52. An
article 48, which can be fabricated from material identical to that of stamp 46, can aid in the
process. A patterned SAM on nonplanar surface 42 results, and CVD or sol-gel processing as
described herein can be carried out at surface 42 in a pattern on surface 42 dictated by the
SAM pattern imprinted thereon which corresponds to the pattern of protrusions 48 of
applicator 46. Alternatively, surface 42 can be contoured, that is, included protrusions and
intervening regions, and be rolled by a substantially planar stamp 48 so that SAM is applied
selectively at outward-facing surfaces of the protrusions, alternatively followed by CVD or
sol-gel deposition as described. Either arrangement can be reversed, that is, article 40 can be
an applicator and article 46 can be a surface for receiving a SAM. The surface that transfers
the SAM and the surface that receives the SAM will be dictated first by the surface to which
the SAM i first applied, and by considerations such as adhesion of SAM to the surface that is
designed to receive the SAM. A discussion of SAM-forming species and surfaces to which
such species adhere is provided below.

In another technique for patterning on a nonplanar substrate, applicator 10 or 24 is

flexible (e.g. made entirely of an elastomer such as PDMS), and is bent or otherwise made to
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conform to a nonplanar surface. This technique is applicable to any of the embodiments
described herein.

The ability to transfer SAMs to nonplanar surfaces is particularly advantageous in the
preparation of microelectronic devices on curved surfaces (see FIG. 10), for example
microconnections between various circuit regions, the connections conforming to a bend to
conserve space in an overall circuit-containing region.

In addition to sol-gel processing and CVD, application of SAMs to contoured
surfaces, that is, those including protrusions (indentations) finds use in biological arenas. A
SAM formed at outward-facing surfaces of protrusions of an article as illustrated in FIG. 3b,
where the SAM includes an exposed functionality that is of biological interest, can be useful.
For example, cytophilic SAMs allow individual cells or groups of cells to be immobilized,
cultured and studied at protrusions. Alternatively, proteins or the like can be immobilized at
protrusions.

A variety of different SAMs can be utilized in the techniques of the invention. For

example, with reference to FIG. 3b, a SAM having a different exposed functionalities can be

 applied to intervening regions 36 (not shown) resulting in alternate regions of hydrophilicity

and hydrophobicity, cytophilicity and cytophobicity, and the like. Alternatively, also with
reference to FIG. 3b, following introduction of a different SAM (not shown) into intervening
regions 36, the SAM shown could be removed from outward facing surfaces 34 via physical
means, and the SAM-coated region 36 could serve as a resist to CVD or sol-gel processing,
resulting in deposition selectively at outward-facing surfaces 34. Alternatively, such an
arrangement could result in cell culturing, protein adsorption, or the like in intervening
regions. Cells confined in intervening regions of a surface can be thereby stabilized to fluid
flow over the surface.

Articles having features with very small dimensions can be fabricated in accordance
with the invention. For example, a waveguide fabricated of material such as LiNbO, on a
substrate such as silicon can be fabricated to have line widths smaller than 100 microns,
smaller than 50 microns, smaller than 10 microns, smaller than 5 microns, smaller than 4
microns, smaller than 2 microns, smaller than 1 micron, smaller than 0.5 micron, smaller than
0.2 micron, most preferably smaller than 0.1 micron. Heights of features formed on surfaces

in accordance with the invention of the above dimensions can be achieved as well, including
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an embodiment with lines of height smaller than 0.08 micron. The invention allows creation
of material on a substrate surface with edge resolution of at least about 500 nm, preferably at
least about 100 nm. As used herein, the term "edge resolution" is meant to define that an
intended linear portion of a patterned material feature will deviate from a straight line in an
amount less than or equal to the edge resolution value. Waveguides can be fabricated in
accordance with methods of the invention that have an index gradient of greater than 0.1,
0.25, 0.5, or most preferably greater than 1 at 850 nm.

The following substrates, SAMs, applicators dimensions, other articles and features,
and processes are applicable to all aspects of the invention. Selection of components and
parameters can be made with reference to U.S. Patent No. 5,512,131. The surface of the
article to which a SAM of the invention is to be applied and the SAM-forming species should
be selécted together such that the SAM-forming species terminates at one end in a functional
group that binds to the surface. In embodiments of the present invention involving CVD and
sol-gel deposition it is the general physical instability of articles deposited on a SAM which
allows selective patterning. Is these cases the exposed functionality of the SAM
(functionality facing away from the surface) is not as important as in other embodiments such
as patterning of surfaces for biological studies. However, for sol-gel processing SAMS
exposing hydrophobic functionalities are preferred.

A substrate and SAM-forming molecular species are selected such that the molecular
species terminates at a first end in a functional group that binds to the desired surface
(substrate or film). As used herein, the terminology "end" of a molecular species, and
"terminates" is meant to include both the physical terminus of a molecule as well as any
portion of a molecule available for forming a bond with a surface in a way that the molecular
species can form a SAM, or any portion of a molecule that remains exposed when the
molecule is involved in SAM formation. A molecular species may comprise a molecule
having first and second terminal ends, separated by a spacer portion, the first terminal end
comprising a functional group selected to bond to a surface, and the second terminal group
optionally including a functional group selected to provide a SAM on the surface having a
desirable exposed functionality. The spacer portion of the molecule may be selected to
provide a particular thickness of the resultant SAM, as well as to facilitate SAM formation.

Although SAMs of the present invention may vary in thickness, as described below, SAMs
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having a thickness of less than about 50 Angstroms are generally preferred, more preferably
those having a thickness of less than about 30 Angstroms and more preferably those having a
thickness of less than about 15 Angstroms. These dimensions are generally dictated by the
selection of the SAM-forming molecular species and in particular the spacer portion thereof.

A wide variety of surfaces (exposing surfaces on which a SAM will form) and
SAM-forming molecular species are suitable for use in the present invention. A nonlimiting
exemplary list of combinations of surface material and functional groups included in
molecular species, such functional groups selected so as to bind to material, follows. It is to
be understood, however, that any electrically conductive, electrically nonconductive, or
electrically semiconductive material surface may be used in the present invention, as long as a
functional group attachable to or contained within a molecular species, the functional group
binding to the material, is available. Although the following list categorizes certain preferred
materials for surfaces with certain preferred functional groups which firmly bind thereto,
many of the following functional groups would be suitable for use with exemplary materials
with which they are not categorized, and any and all such combinations are within the scope
of the present invention. Preferred surface materials include metals such as gold, silver,
copper, cadmium, zinc, palladium, platinum, mercury, lead, iron, chromium, manganese,
tungsten, and any alloys of the above with sulfur-containing functional groups such as thiols,
sulfides, disulfides, and the like; doped or undoped silicon with silanes and chiorosilanes;
metal oxides such as silica, indium tin oxide (ITO), magnesium oxide, alumina, quartz, glass,
and the like with carboxylic acids; platinum and palladium with nitriles and isonitriles; and
copper with hydroxamic acids. Additional suitable functional groups include acid chlorides,
anhydrides, sulfonyl groups, phosphoryl groups, hydroxyl groups and amino acid groups.
Additional surface materials include germanium, gallium, arsenic, and gallium arsenide.
Additionally, epoxy compounds, polysulfone compounds, plastics and other polymers may
find use. Additional materials and functional groups suitable for use in the present invention
can be found in U.S. Patent No. 5,079,600, issued January 7, 1992, and incorporated herein
by reference. In one embodiment, a combination of gold as a surface material and a SAM-
forming molecular species having at least one sulfur-containing functional group such as a
thiols, sulfide, or disulfide is selected. The interaction between gold and such

sulfur-containing functional groups is a well-studied science, and a nonlimiting representative
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exemplary list of such sulfur-containing functionalities may be found in an article entitled
"Wet Chemical Approaches to the Characterization of Organic Surfaces: Self-Assembled
Monolayers, Wetting and the Physical-Organic Chemistry of the Solid-Liquid Interface”, by
G.W. Whitesides and Paul E. Laibinis, Langmuir, 6, 87 (1990), incorporated herein by
reference.

A SAM-forming molecular species may terminate in a second end opposite the end
bearing the functional group selected to bind to particular material in any of a variety of
functionalities. That is, the molecular species may include a functionality that, when the
molecular species forms a SAM on a surface of the material, is exposed. Thus, according to
the some embodiments the functional group would literally define a terminus of the
molecular species, while according to other embodiments the functional group would not
literally define a terminus of the molecular species, but would be exposed.

Such functionality may be selected to create a SAM that is hydrophobic, hydrophilic,
amphipathic, that selectively binds various biological or other chemical species such as
proteins, antibodies, antigens, sugars and other carbohydrates, and the like. For example,
ionic, nonionic, polar, nonpolar, halogenated, alkyl, aryl or other functionalities may exist at
the exposed portion of the SAM. A nonlimiting, exemplary list of such functional groups
includes those described above with respect to functional group attachment to the surface in
addition to:

-OH, -CONH-, -CONHCO-, -NH,, -NH-, -COOH, -COOR,

-CSNH-, -NO, *, -S0, *, -RCOR-, -RCSR-, -RSR, -ROR-, -PO, ?, -0S0, 2, -SO, -,

-NH,R,, %, -COOr, -SO0", -RSOR-, -CONR,,

- (OCH,CH,),0H (where n = 1-20, preferably 1-8), -CH;, -PO,H", -2-imidazole, -N(CH,),, -
-NR,, -PO;H,, -CN, -(CF,),CF; (where n = 1-20, preferably 1-8), olefins, and the like. In the
above list, R is hydrogen or an organic group such as a hydrocarbon or fluorinated
hydrocarbon. As used herein, the term "hydrocarbon" includes alkyl, alkenyl, alkynyl,
cyéloalkyl, aryl, alkaryl, aralkyl, and the like. The hydrocarbon group may, for example,
comprise méthyl, propenyl, ethynyl, cyclohexyl, phenyl, tolyl, and benzyl groups. The term
"fluorinated hydrocarbon" is meant to refer to fluorinated derivatives of the above-described
hydrocarbon groups. Additionally, R may be a biologically active species such as an antigen,

antibody, hapten, etc. Such embodiments are described below, and attachment of such
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biologically active groups to molecular species 28 is known to those of ordinéry skill in the
art.

As noted above, a molecular species may form a SAM having exposed functionality
including hydrophobic, hydrophilic, and amphipathic functionality, that selectively binds
various biological or other chemical species such as proteins, antibodies, antigens, sugars and
other carbohydrates, and the like. The exposed functionality may comprise a member of any
specific or non-specific binding pair, such as either member of the following non-limiting
list: antibody/antigen, antibody/hapten, enzyme/substrate, enzyme/inhibitor, enzyme/cofactor,
binding protein/substrate, carrier protein/substrate, lectin/carbohydrate, receptor/hormone,
receptor/effector, complementary strands of nucleic acid, repressor/inducer, or the like.

The central portion of molecules comprising SAM-forming molecular species
generally includes a spacer functionality connecting the functional group selected to bind to a
surface and the exposed functionality. Alternately, the spacer may essentially comprise the
exposed functionality, if no particular functional group is selected other than the spacer. Any
spacer that does not disrupt SAM packing and that allows the SAM layer to be somewhat
impermeable to various reagents such as etching and plating reagents, as described below, in
addition to organic or aqueous environments, is suitable. The spacer may be polar, nonpolar,
positively charged, negatively charged, or uncharged. For example, a saturated or
unsaturated, linear or branched alkyl, aryl, or other hydrocarbon spacer may be used, as well
as corresponding halogenated hydrocarbons, especially fluorinated hydrocarbons.

Thus, the molecular species generally comprises a species having the generalized
structure R'-A-R", where R' is selected to bind to a particular surface of material, A is a
spacer, and R" is a group that is exposed when the species forms a SAM. Also, the molecular
species may comprises a species having the generalized structure R"-A'-R'-A-R", where A’ is
a second spacer or the same as A, or R"-A"-R'-A-R", where R" is the same or different
exposed functionality as R". Additionally, species such as R'-A-R"-B and
B-R"-A'-R'-A-R"-B" may be chosen, where B and B' are similar to A, do not prevent
exposure of R" and R" to the surrounding environment, and may be the same or different. It
is to be understood that, in the above generalized formulas, A and R" or R" may not be
distinguishable, but may be continuous. For example, when A comprises an alkyl chain, and

R" or R" comprises an alkyl functionality, A and R" or R" together may simply define an
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alkyl chain. One class of molecules suitable for use as a SAM-forming molecular species,
when to be SAM-derivatized comprises gold, silver, and copper, are the
omega-functionalized thiols, that is, those having the generalized structure R'-A-R", where R’
=-SH, A = -(CH,),- where n = 1-30, preferably 1-20, and R" = -CH,; -OH; -O(CH,),H, where
n = 1-15, preferably 1-7; -CONH(CH,) H, where n = 1-15, preferably 1-7; -NHCO(CH,),H,
where n = 1-15, preferably 1-7; -(OCH,CH,),H, where n = 1-15, preferably 1-7; and -COOH.

A surface to be coated with SAM may comprise its own substrate, or may be a thin
film deposited upon a substrate. Where a separate substrate is employed, it may comprise
any biological, nonbiological, organic, or inorganic material, or a combination of any of
these. The substrate can be formed of a conductive, nonconductive, semiconducting
material, or the like, and may comprise glass, silica, alumina, plastic or other organic
polymers for example acrylonitrile-butadiene-styrene copolymers, polysulfone, polystyrene,
metals, or any of the above materials described with respect to other material of the present
invention. The substrate may also comprise a bioerodable material such as, for example,
poly(glycolic acid), polyanhydrides, polyorthoesters, polylactic acid, or combinations thereof.
The substrate may include a bonding layer, for example a thin titanium film, to promote
adhesion between a layer of material to be SAM-coated and the substrate.

SAM-forming molecular species may be coated onto the stamping surfac;e by any
convenient method. For example, the molecular species can be absorbed into a piece of
paper, and the stamping surface of applicators 10, 24, 40, or 46 then pressed against the piece
of paper. A cotton swab or the like also may be used to transfer the molecular species to the
stamping surface. Alternatively, the stamping surface can be coated followed by shearing off
excess, that is, the SAM-forming molecular species can be spin coated on the stamping
surface. The molecular species may be very rapidly transferred to the stamping surface. For
example, contacting the stamping surface with a molecular species for a period of time of
approximately 2 seconds is adequate to effect the sufficient transfer where a relatively
concentrated solution of SAM-forming molecular species in solvent is used. Where a more
dilute solution is used, longer times may be required.

Generally, the molecular species is dissolved in a solvent for transfer to a stamping
surface. The concentration of the molecular species in such a solvent for transfer should be

selected to be low enough that the species is well-absorbed into the stamping surface, and
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high enough that a well-defined SAM may be transferred to a material surface without
blurring. Typically, the species will be transferred to a stamping surface in a solvent at a
concentration of less than 100 mM, preferably from about 0.5 to about 20.0 mM, and more
preferably from about 1.0 to about 10.0 mM. Any solvent within which the molecular species
dissolves, and which may be carried (e.g. absorbed) by the stamping surface, is suitable. In
such selection, if a stamping surface is relatively polar, a relatively polar and/or protic solvent
may be advantageously chosen. If a stamping surface is relatively nonpolar, a relatively
nonpolar solvent may be advantageously chosen. For example, toluene, ethanol, THF,
acetone, isooctane, diethyl ether, and the like may be employed. When a siloxane polymer is
selected for fabrication of a stamp, and in particular stamping surface, toluene ethanol,
acetone, and diethyl ether are preferred solvents. The use of such an organic solvent
generally aids in the absorption of SAM-forming molecular species by a stamping surface.
When the molecular species is transferred to the stamping surface, either near or in a solvent,
the stamping surface should be dried before the stamping process is carried out. If a stamping
surface is not dry when the SAM is stamped onto the material surface, that is, if gross liquid
remains on the stamping surface, blurring of the SAM can result from dispersion of the liquid
from under the stamping surface. The stamping surface may be air dried, blow dried, or dried
in any other convenient manner. The drying manner should simply be selected so as not to
degrade the SAM-forming molecular species. ’

According to embodiments of the present invention in which a self-assembled
monolayer is formed on silicon dioxide or glass, including aspects of the invention involving
the preparation of surfaces of biological interest, a flat or contoured surface such as a silicon
dioxide or glass slide or petri dish can be patterned with a self-assembled monolayer of
alkylsiloxane that exposes a chemical functionality of interest (for example biological
interest, facilitating biological studies at that surface for example at protrusions if the surface
is contoured). For example, a self-assembled monolayer of alkylsiloxane terminating in a
cytophilic functionality can be patterned onto a silicon dioxide or glass surface in accordance
with the invention, followed by adherence or immobilization of a cell or cells to the
cytophilic functionality. Biological, specifically cytophilic, functionalities in association with
self-assembled monolayers are described in copending, commonly-owned application serial

no. 08/131,841 and in an article entitled "Engineering Cell Shape and Function", by Singhvi,
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R., et al. Science, 264, 696 (1994), both incorporated herein by reference. This article

describes the formation of islands of self-assembled monolayer terminating in a non-polar
functionality (-CH; ) surrounded by regions of polyethylene glycol-terminating
self-assembled monolayer. The non-polar terminal functionality of the islands is protein
adherent, while the polyethylene glycol functionality is not protein-adherent. Exposure of a
surface derivatized as such to a protein matrix such as the purified extracellular matrix protein
laminin results in cytophilic, protein-coated islands surrounded by cytophobic regions.
Exposure of this surface to cells results in cell attachment preférentially to the adhesive
(cytophilic), laminin-coated islands and the cells are prevented from extending onto
surrounding non-adhesive (cytophobic) regions. Alternatively, a surface derivatized as
described above with a patterned, self-assembled monolayer terminating in non-polar, such as
methyl, functionality can be contacted with a cell or cells without first treating the surface
with a protein matrix such as laminin. According to some embodiments, the cell or cells will
secrete a protein matrix such as laminin that will coat the exposed non-polar functionality,
and the cell or cells then will adhere thereto.

According to some embodiments of the invention the above-described techniques
involving patterning glass or silicon dioxide can be applied to other polar surfaces inclﬁding
polar polymeric surfaces such as oxidized polyethylene or polystyrene. According to these
embodiments alkylsiloxane can be patterned onto a polymeric surface oxidized for example
via plasma etch to expose polar functionalities such as hydroxyl, carboxylic acid, aldehyde, or
the like. These surfaces can form the basis for all embodiments of the invention described
herein, including the biological aspects described above.

Patterning of alkylsiloxane onto glass, silicon dioxide, or polar polymeric surfaces can
be carried out according to chemistry known to those of skill in the art. For example,
trichlorosilane or trialkoxysilane such as triethoxysilane, when applied to these surfaces in
essentially any solvent in which they can be carried (such as water, hexane, toluene, and the
like) will form alkylsiloxane on that surface.

The techniques described above involving patterning of alkylsiloxane on glass, silicon
dioxide, or polar polymeric surfaces can be carried out on planar or non-planar surfaces, as
described herein, and can be combined with techniques described herein involving allowing

alkylsiloxane or its precursor to spread onto the surface while contacting the surface
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simultaneously with a species that is not compatible with the alkylsiloxane or precursor, and
involving deforming a stamp from which the alkylsiloxane or precursor is transferred, or
both.

According to some embodiments of the invention, features (such as outward-facing
surfaces of protrusions of a stamp or substrate, or lateral dimension of a SAM or CVD or sol-
gel product) have a lateral dimension of less than about 10 microns. According to other
embodiments, features may have a lateral dimension of less than about 5, 2, 1, 0.5, or 0.25
microns. According to a particularly preferred embodiment, features have a lateral dimension
of less than 0.2 microns. As used herein, the term "lateral dimension" is meant to define the
distance across any portion of a SAM surface that differs in any way from its surrounding
environment, or corresponding dimensions of CVD or sol-gel products. Such differences
may be chemical, physical, or biological. When viewing a surface directly, a lateral
dimension would be a dimension of a SAM perpendicular to the line of sight.

According to another embodiment of the invention, the area of such features is
relevant. For example, a feature area of less than about 10,000 square microns can be
provided, although areas of much more than this are within the scope of the present invention.
Such a feature may have an area of less than 1,000, 100, 40, 25, 2, 1 or 0.06 square microns.

The applicators 10, 24, 40, or 46 can be formed in a variety of ways. A stamp can be
formed by contacting a mold surface with a hardenable material, typically a fluid, which
serves as a precursor of the stamp. The fluid is hardened, for example by ionic, nonionic, or
free-radical polymerization to form a stamp having a surface contacting the mold surface.
The mold surface can be selected to include at least one protrusion, and when the stamp is
removed from mold surface, a stamp having a stamping surface including an indentation
corresponding to the mold surface protrusion results (or a plurality of indentations
corresponding to a plurality of protrusions results). According to other embodiments, a flat
mold surface results in a flat stamp.

The particular material chosen for formation of the stamp should satisfy certain
physical characteristics. The stamp can be elastic, such that the stamping surface may very
closely conform to minute irregularities in a surface of material so as to completely transfer
SAM-forming molecular species thereto, and so as to be amenable to transferring SAMs of

molecular materials to nonplanar surfaces. In another embodiment, the applicator has a
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surface that contacts the substrate that is conformable, but the remainder of the applicator is
not elastic or conformable.

The applicator should also be formed such that the stamping surface is made of
absorbent material selected to absorb SAM-forming molecular species to be transferred to a
surface to form a SAM thereon. The stamping surface preferably swells to absorb SAM-
forming molecular species, and/or to absorb the molecular species dissolved or suspended in
a carrier such as an organic solvent. Such swelling and absorbing characteristics serve the
important function of providing good definition of an isolated SAM on a surface. For
example, if a dimensional feature of a stamping surface or surface to be coated with SAM
includes a substantially square-shaped feature, the stamping surface should transfer SAM-
forming molecular species to the surface of the substrate material so as to form SAMs
mirroring the substantially square features of the stamping surface, without blurring. Such
blurring can result from selection of a stamp which does not absorb the SAM-forming
molecular species or its carrier. According to the stamp of the present invention, SAM-
forming molecular species, optionally in a carrier, is absorbed into the stamping surface, and

when the stamping surface contacts a substrate surface, the molecular species is not dispersed,

but binds to the surface, and removal of the stamping surface from the substrate surface

results in well-defined SAM features.

Additionally, the stamp should be fabricated such that the stamping surface is free of
any leachable materials such as plasticizers that would interfere v;/ith or contaminate the
SAM. For example, if additives are included in the material used to fabricate the stamp, such
additives should be bound to the internal structure of the stamp.

According tb a preferred embodiment, the stamp is formed from a polymeric material.
Polymeric materials suitable for use in fabrication of the stamp may have linear or branched
backbones, and may be crosslinked or noncrosslinked, depending upon the particular polymer
and the degree of formability desired of the stamp. A variety of elastomeric polymeric
materials are suitable for such fabrication, especially polymers of the general classes of
silicone polymers, epoxy polymers, and acrylate polymers. Epoxy polymers are
characterized by the presence of a three-member cyclic ether group commonly referred to as
an epoxy group, 1, 2-epoxide, or oxirane. For example, diglycidyl ethers of bisphenol A may

be used, in addition to compounds based on aromatic amine, triazine, and cycloaliphatic
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backbones. Another example includes the well-known Novolac polymers. Materials which
may not be suitable for fabrication of a stamping surface according to preferred embodiments
include polyethylene and polystyrene, which are generally too brittle, and polybutadiene,
which is generally too elastic.

Examples of silicone elastomers suitable for use as a stamp include those formed
from precursors including the chlorosilanes such as methylchlorosilanes, ethylchlorosilanes,
and phenylchlorosilanes, and the like. A particularly preferred silicone eiastomer is
polydimethylsiloxane. Exemplary polydimethylsiloxane polymers include those sold under
the trademark Sylgard by the Dow Chemical Company, Midland Michigan, and particularly
Sylgard 182, Sylgard 184, and Sylgard 186.

The invention involves, as one aspect, forming a blocking agent pattern on a substrate
surface that serves as a mask to CVD, sol-gel processing, or the like. The blocking agent can
be a SAM, as described above, or another species such as a polymeric material. SAMs can
become polymeric materials when selected appropriately. For example, where organosilanes
that are polymerizable are selected to form patterned SAMs on a surface, they can be made to
crosslink at the surface. For example, a polymerizable organosilane can be applied to a
stamping surface of an applicator and the stamping surface of the applicator held in contact
with a surface to be derivatized for an extended period of time. Especially at high
concentrations of cross-linkable organosilane, and long contact times between applicator and
the surface, multi-layer, polymeric material can result. Thus, the ‘invention involves applying
a blocking agent, or mask, directly to a substrate surface in a pattern, and depositing the
material in a surface complementary to the pattern via CVD, sol-gel processing, or the like.
The blocking agent can be applied in a pattern corresponding to an applicator stamping:
surface pattern, as illustrated in FIGS. 1 and 2, or in a pattern dictated by the contoured
surface of the substrate to receive the blocking agent, as illustrated in FIG. 3.

U.S. patent application serial no. 08/616,929 of Kim, et al., entitled “Method of
Forming Articles and Patterning Surfaces via Capillary Micromolding” incorporated herein
by reference, describes a number of techniques for patterning surfaces with materials that can
serve useful in the present invention as blocking agents or masks for pattern-selective CVD
and/or sol-gel processing. Such species, or precursors of such species (which may require

additional chemical reactions to form blocking agents) can be transferred from an applicator
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via the technique illustrated in FIGS. 1-4 to a flat, curved, or contoured surface, or can be
transferred from indentations in a contoured stamping surface of the applicator where a
precursor of the blocking agent is contained in a fluid state that can be carried in the
indentations. Alternatively, in a technique described in the above-referenced Kim, et al.
application, an applicator having indentations can be placed against a surface of a substrate
whereby channels are defined in a pattern at the surface by portions of the surface and the
indentations of the applicator. These channels can be filled via capillary action by a fluid
precursor of a blocking agent or a fluid containing a precursor of a blocking agent. Following
formation of the blocking agent at the surface via polymerization, concentration and
hardening by solvent or carrier diffusion, or the like, the applicator (serving as a micromold
in this arrangement) can be removed. Alternatively, the applicator can be removed and the
blocking agent formed or hardened, if not already in final, blocking form. Pressure or
vacuum can be used to facilitate flow of fluid into such channels. In this embodiment, the
precursor must be of a viscosity allowing flow of the precursor into the channels. Those of

ordinary skill in the art can determine, without undue experimentation, which fluids will

- readily flow into such channels based upon dimension of the channels and viscosity of the

fluid. In most instances, the viscosity of the fluid can be adjusted, for example by diluting or
concentrating the fluid, to achieve a level of viscosity suitable for flow into the channels at a
desired rate. The polarity of the fluid can be tailored as well, with reference to the chemical
characteristic of the substrate surface or applicator, to facilitate fluid carrier flow.

In one example of such an technique, and with reference to FIG. 1a, a fluid precursor
of a blocking agent is a solution of monomer in a fluid carrier and is polymerized at the
surface of substrate 18 with article 10 in place upon the substrate. Article 10 then is removed,
resulting in a polymeric blocking agent on the surface of substrate 18 in a pattern |
corresponding to the pattern of indentations of the applicator. The pattern can be linear ér
non-linear, can differ in cross-section, and can include isolated regions and/or connected
regions. The pattern can be formed on a nonplanar surface by bending the applicator to
conform to the surface or, where a fluid precursor of the blocking agent is contained in
channels of the applicator and transferred to the surface, the applicator can be rolled over the

surface (or the surface rolled over the applicator. This structure can be thermally

polymerized on the substrate surface by heat, photopolymerized if the substrate 18 or
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applicator 10 is transparent to polymerizing radiation, or polymerized following removal of
applicator 10 via heat or photolysis. Free-radical polymerization can be carried out as well.
These and other forms of polymerization, including cationic, anionic, copolymerization, chain
polymerization, cross-linking, and the like can be employed, and essentially any type of
polymer or copolymer formable from a fluid precursor can be patterned on the surface of a
substrate in accordance with the invention.

An exemplary, non-limiting list of polymers that are suitable for forming blocking
agents include urethane polymers, polyamides, polycarbonates, polyacetylenes and
polydiacetylenes, polyphosphazenes, polysiloxanes, polyolefins, polyesters, polyethers,
poly(ether ketones), poly(alkylene oxides), poly(ethylene terephthalate), poly(methyl
methacrylate), polystyrene, and derivatives and block, random, radial, linear, or teleblock
copolymers, cross-linkable materials such as proteinaceous material and/or blends of the
above. Gels are suitable where dimensionally stable enough to maintain structural integrity
upon removal of applicator 10 from the surface of substrate 18. The particular polymer,
copolymer, blend, or gel selected is not critical to the invention, and those of skill in the art
can tailor a particular material for any of a wide variety of applications.

Alternatively, a blocking agent precursor such as a polymerizable or cross-linkable
species can entirely coat the surface of substrate 18, and applicator 10 then can be pressed
against the surface of substrate 18 (and/or rolled against a curved substrate) to form the
precursor into a pattern corresponding to the indentation pattern 0f the applicator.

According to another embodiment, the blocking agent or mask is not a polymer or
cross-linked organic species as described above, but is a non-polymerized organic or
inorganic species that is dissolved or dispersed in a fluid carrier to form a fluid precursor
introduced into channels created between applicator 10 and the surface of substrate 18,
whereupon the fluid carrier or solvent dissipates (e.g., is removed via evaporation from the
channels and/or absorption into the applicator 10).

Where it is desired to pattern the surface of the substrate with a material via CVD or
sol-gel processing and subsequently to remove the blocking agent or mask from the surface,
the blocking agent or mask should be selected in conjunction with the substrate surface and
the material to be deposited via CVD or sol-gel processing such that the blocking agent can

be removed selectively. For example, where a polymerizable material is deposited on a
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substrate surface in a pattern and polymerized thereon, followed by CVD or sol-gel
deposition of a material in a pattern complementary to the blocking agent pattern, the
polymerized blocking agent can be selected so as to be removable by a solvent to which the
material pattern on the substrate is inert, or degraded and removed via radiation that does not
destroy the material pattern. Photoresist can be used as the blocking agent in this
embodiment and, following CVD or sol-gel processing, irradiated and removed. Selection of
such materials and conditions is within the level of ordinary skill in the art.

In another embodiment, a SAM is applied to a surface in a pattern, a blocking agent
precursor (a prepolymer, for purposes of illustration) is applied to the surface in a pattern
dictated by the SAM pattern, the prepolymer is crosslinked or polymerized at the surface, and
the resulting polymer thereby defines a blocking agent that dictates a pattern of deposition via
CVD or sol-gel processing. The use of a SAM to direct patterned deposition of a polymer at
a surface is described in U.S. patent application serial no. 08/676,951, referenced above, and
its counterpart, international application no. PCT/US96/03073, filed March 1, 1996 and
incorporated herein by reference. In this arrangement, the self-assembled monolayer is

patterned onto the substrate surface using any method described herein or other method

’known to those of ordinary skill in the art. A prepolymer solution then is applied to the

surface and, where the prepolymer solution is compatible with the exposed functionality of
the self-assembled monolayer and incompatible with the surface of the substrate, the
prepolymer solution assembles on the SAM in a pattern that conésponds to the SAM pattern.
The prepolymer then can be polymerized. Where the prepolymer is compatible with the
substrate surface, but incompatible with the functionality exposed by the SAM, the
prepolymer will assemble in a pattern éomplementary to the pattern of the SAM, and can be
polymerized as such. Where the prepolymer is polymerized in a pattern complementary to
that of the SAM, the polymer is selected to be robust under conditions in which the SAM is
removed and the prepolymer thereby directs deposition of material, via CVD or sol-gel
processing, in a pattern complementary to that of the polymeric blocking agent, and in a
pattern corresponding to the original SAM pattern. In this arrangement, if the chemical
functionality exposed by the SAM is significantly polar, then the prepolymer should be
relatively polar if it is desired that the blocking agent be formed on the SAM. Polar/nonpolar

characteristics of a particular surface, SAM, and prepolymer can be selected and tailored in
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this technique to direct a blocking agent as desired. As in the above arrangement in which a
polymeric blocking agent is formed in a pattern on the surface, in this arrangement if it is
desired to provide a surface carrying solely a material deposited via CVD or sol-gel
processing, the polymeric blocking agent is selected to be removable under conditions in
which the deposited material remains.

The function and advantage of these and other embodiments of the present invention
will be more fully understood from the examples below. The following examples are
intended to illustrate the benefits of the present invention, but do not exemplify the full scope

of the invention.

Example 1: Sol-gel Process for Deposition of Material Patterns Dictated by SAMs

Sol-gel precursor solutions were synthesized from metal alkoxides in alcoholic
solutions. Two previously-investigated chemical systems were used in this example: (1) a
lithium niobium ethoxide solution in ethanol as a precursor for LiNbO, (Eichorst, et al.,
Inorg. Chem. 29, 1458 (1990)), and (2) a lead lanthanum titanium precursor in propanediol as
a precursor for PLT (Ali et al., J. Mat. Sci. Lett. (1995)). LiNb(OCH,CH,), was synthesized
and dissolved in absolute ethanol to form 0.3 M solutions suitable for spin casting on
sapphire and SiO,/Si substrates. PLT films were derived from a dihydroxy alcohol route and
diluted to 0.3 M in isopropanol for deposition on SiO,/Si and ITO/SiO,/Si.

With reference to FIG. 1 a polydiméthylsiloxane (PDMS)I applicator 10 was fabricated
as described in U.S. Patent No. 5,512,131, incorporated by reference above. The stamp had a
contoured surface as illustrated in FIG. 1a. The stamp was coated with a solution of
octadecyltrichlorosilane (OTS) in hexane (0.2-25mM). A photoresist spinner used to coat the
stamp was found to provide consistent, nearly defect-free transfer of the pattern. The details
of the patterning process and the nature of the SAMs obtained have been reported previously
(Kumar, et al., Appl. Phys. Lett. 63,2002 (1993); Kumar, et al., Langmuir 10, 1498 (1994);
Wilbur, et al., Adv. Mat. 6, 600 (1994)).

Inert substrates such as sapphire were modified with a water plasma before SAM
formation to promote adhesion of the SAM. The substrates were treated in DC water plasma
for 15 seconds at 50 Watts and 1,000 mtorr.

Sol-gel solutions were spun cast on OTS patterned substrates at 3,000 rpm for 30
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seconds. Pyrolysis of thin layers at 350°C allowed removal of organic species, yielding 80
nm LiNbO, and 300 nm PLT amorphous oxide thin layers, as determined by surface
profilometry and SEM.

After pyrolysis, regions of a amorphous layers above the SAM were severely cracked
and showed poor adhesion. In contrast, well-bound continuous layers 19 were formed above
underivatized regions 22. The loosely-adhered layers were selectively removed by mild
mechanical abrasion with cotton felt wetted with isopropanol. The remaining patterned
material was crystallized at 600°C.

FIG. 5a is a photocopy of an optical micrograph of patterned LiNbO; on a Si substrate
surface (lines 60 um in width separated by 80 um). Selectivity of the deposition is clearly
demonstrated by Auger electrdn spectroscopy (AES) line scans made across the imaged
region (FIG. 5b).

FIG. 6a is a photocopy of an optical micrograph of patterned LiNbO, lines on Si
substrates. The line widths present in this structure range from 120 pm to 4 um. The same
pattern was used to form LiNbO, strip waveguides on sapphire as shown in FIGS. 6b and 6c.
Fast firing of the LiNbO, strips developed heteroepitaxial (00.6) oriented LiNbO, on (00.1)
sapphire substrates, as demonstrated by the x-ray data of FIG. 7a. Rocking curve half widths
of below 1° further indicate the high degree of orientation achieved (FIG. 7b).

Pads of Pb, 3,,, La,TiO, (PLT) with x=1% and 28% were patterned on Si substrates
(the Si substrates were p-type, (110) orientation with 20-25 angstfom native oxide).
Patterning was carried out as illustrated schematically in FIGS. 1a-1d. As described in U.S.
Patent 5,512,131, a stamp including protrusions of parallel lines was first applied to the
surface, removed and rotated 90°, and reapplied. Sol-gel deposition was carried out as
described above. A photocopy of an optical micrograph of the resulting pattern appears in
FIG. 8a. For capacitance measurements PLT listed positive on ITO/Si substrates. X-ray
analysis of these samples show the presence of PLT and ITO peaks only (FIGS. 8b and 8c).
PLT (1% La)isa ferrocleétric, tetragonal unit cell material which exhibits splitting of the
(100) and (001) peaks. In contrast, PLT (28% La) is a paraelectric, cubic cell material with a
single cubic (100) peak. PLT (28%) is a candidate material for DRAM applications because
of a low leakage current and a high dielectric constant. Dielectric characterization was |

performed after application of gold top electrodes by sputtering. The article showed good
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electrical properties.

Example 2: CVD in Patterns Dictated by SAM Patterns.

This example demonstrates the formation of patterned structures of copper, using
CVD from a source gas of (hexaﬂuoroacetylaéetonato)copper(I)vinyltrimethylsilane) on
substrates whose surfaces have been patterned by a monolayer of alkylsiloxane. The
procedure is illustrated schematically in FIGS. 2a-2c and 3a-3c. PDMS applicators 10 and 24
were coated with a solution of OTS in hexane or toluene (0.2-2 mM). High-quality SAMs
were successfully formed by printing on a range of substrates including materials (Al Si, and
TiN) bearing a native oxide overlayer, glasses (glass microscope slides, ITO, and polymers
(pyromellitic dianhydride oxydianiline polyamide) whose surfaces had been modified by
plasma treatment.

FIG. 9a is a photocopy of an SEM image of a patterned SAM of OTS on a planar
surface of A/ALO;, achieved using the technique as illustrated in FIGS. 2a-2b. (Lopez, et
al., Langmuir, 9, 1513-1516 (1993)).

Following deposition of copper via CVD as illustrated schematically in FIG. 2c,
copper lines in a pattern complementary to the SAM pattern resulted, as shown in FIG. 9b
which is a photocopy of a SEM image of this copper pattern. The selectivity of the
deposition is evidenced by the AES line scan shown in FIG. 9¢c of the pattern of FIG. 9b.

CVD deposition of copper in a pattern dictated by a SAM pattern on a surface
including a plurality of indentations, as illustrated schematically in FIGS. 3a-3c, was carried
out. FIG. 10a is a photocopy of an SEM image of CVD of copper on a surface as illustrated
in FIG. 3a, without SAM protection. FIG. 10b is a photocopy of an SEM image of CVD of
copper on a similar structure, the outward-facing surface of protrusions of which was
protected with a SAM as illustrated in FIGS. 3b and 3c.

FIG. 10c is a photocopy of an SEM image of a flat substrate through which 0.7 pm
holes were drilled. A flat PDMS applicator coated with OTS in hexane was applied to the flat
substrate, resulting in protection of the exposed surface of the substrate by the SAM, but
without protection of the holes. Exposure to CVD conditions resulted in copper depositions

selectively in the holes.
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Examples 3 and 4: Variable Throughput CVD at SAM-Patterned Surfaces Resulting in
Directed Selective Deposition. or Blanket Deposition Followed By Lift-Off.

A copper CVD precursor, copper hexafluoroacetylacetonate vinyltrimethylsilane was
obtained from Schumacher Company (Carlsbad, CA). ITO substrates were obtained from
Donnelly Applied Films (Denver, CO). Titanium nitride substrates (600 Angstroms thick
sputtered TiN on Si) were obtained from Hyundai Electronics, Ltd. Octadecyltrichlorosilane
(OTS) was obtained from Aldrich and used without further purification.

PDMS applicators used for microcontact printing were fabricated according to U.S.
Patent No. 5,512,131, referenced above. Substrates (TiN, ITO, SiO,, Al,0; and glass) were
washed with deionized water, acetone, isopropanol, and dried with a stream of argon. The
dried substrates were placed in a UV/ozone generator for five to ten minutes to remove trace
organic contaminants (and in some instances to effect very thin oxide growth) immediately
prior to microcontact printing with OTS. A solution of OTS in dry hexane (10 mM) was used
as “ink” to be applied to the applicator. The OTS solution was applied to the PDMS stamp
using a photoresist spinner (3000 rpm for 30 seconds) and dried in a stream of argon for
approximately 30 seconds. The stamp was brought into contact with the substrate (by hand)
and held in place for about 30 seconds. This procedure routinely yielded OTS thin films with
approximately 25-30 Angstroms mass coverages on the substrates examined.

After printing, copper thin films were deposited via CVD. The chemical vapor
deposition experiment was carried out in a home-built, cold-wall reactor. The reactor
included a stainless steel chamber pumped by a diffusion pump to a base pressure of less than
or equal to 1 x 107 Torr. Copper films were typically deposited on one square inch
substrates. The substrates were cleaned with deionized water and isopropanol and finally
dried with a stream of argon before loading into the reactor. The copper precursor was
carried into the reactor using argon as the carrier gas (flow rate of 5-150 sccm) and delivered
to the susceptor region where the substrate was held between 150-300°C. The temperature of
the susceptor was regulated to within + or - 2°C using a programmable power supply. A
typical deposition took approximately 10-20 minutes to carry out. The chamber pressure was
maintained at a pressure value between 100 mTorr and 1 Torr using a throttle valve. Film
thicknesses were determined by profilometry. Patterned copper films were characterized by

electron and optical microscopy, energy dispersive X-ray analysis, X-ray photoelectron and



15

20

25

30

WO 97/07429 PCT/US96/13223
-31-

Auger electron spectroscopies.

Example 3: Low Throughput, Selective Deposition

At CVD conditions of 175°C with low source pressure (300 mTorr) and at a
deposition rate of approximately 200 Angstroms per minute, 3,000 Angstroms thick copper
film, deposited selectively in a pattern corhplementary to that of the SAM pattern resulted.
FIG. 11 is a photocopy of a microscopic image of a 1 square inch ITO substrate patterned as
described. The process routinely yielded high resolution features (as small as 0.5 microns)
over large areas. The sizes of the copper features deposited in the demonstration of FIG. 1
range from 5 to 250 microns.

Example 4: High Throughput CVD Process Followed by Lift-off

A procedure was carried out as described above, but at high throughput values of
250°C and chamber pressure of 1 Torr. The deposition rate was approximately 800
Angstroms per minute. After application of an SAM and exposure to CVD conditions,
copper was essentially blanket-deposited on the surface as illustrated in FIG. 12a. It is
evident from FIG. 12a that the coherence of the copper film was poor above the SAMs, with
many features of the SAMs being visible. This illustrates significant heterogeneity of the
activated nucleation rates for deposition on this surface. Profilometry revealed that copper
film in the non-SAM bearing regions was 1 micron thick. A mild polishing on a cotton felt
wetted with isopropanol removed material deposited atop the SAMs, to reveal the intricate
patterns of copper features as illustrated in the photocopy of the micrograph of FIG. 12b.

Features with dimensions ranging from 5 to 250 microns are clearly visible.

Example 5: Formation of Patterned, Polymeric Blocking Agent on a Surface

FIG. 13 is a photocopy of an SEM image of a polymeric structures formed on a
substrate according to the method described above with respect to “blocking agents”. A fluid
polymeric precursor of polyurethane was allowed to fill channels formed by indentations in
applicator 10 and regions of the surface of Si/SiO, substrate 18. The polymeric structure was
formed by capillary filling of channels defined by indentations in article 10 and the substrate
surface. A liquid polyurethane prepolymer was placed adjacent openings of channels and
filled the channels via capillary action. The applicator 10 was PDMS, formation of which is

referenced above. w
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Those skilled in the art would readily appreciate that all parameters listed herein are
meant to be exemplary and actual parameters will depend upon the specific application for
which the methods and apparatus of the present invention are being used. It is, therefore, to
be understood that the foregoing embodiments are presented by way of example only and
that, within the scope of the appended claims and equivalents thereto, the invention may be

practiced otherwise than as specifically described.
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QADMS:
L. A method comprising:

providing an article having a contoured surface including at least one indentation and
a region contiguous with the indentation; and
forming a self-assembled monolayer at the region contiguous with the indentation

while leaving the indentation essentially free of the self-assembled monolayer.

2. A method as in claim 1, the forming step involving applying a self-assembled

monolayer-forming species to the region contiguous with the indentation.

3. A method as in claim 2, the applying step involving contacting the region
contiguous with the indentation with an applicator carrying a self-assembled monolayer-

forming species.

4. A method as in claim 3, comprising contacting the region contiguous with the

indentation with a flat surface of an applicator carrying a self-assembled monolayer-forming

species.

5. A method as in claim 1, wherein the article includes a first side and a second

side and the indentation is a pathway connecting the first side to the second side.

6. A method as in claim 5, wherein the article is an essentially flat article having
first and second opposing sides, and a plurality of holes passing from the first side to the
second side, the method involving forming a self-assembled monolayer on at least one of the

first and second sides.

7. A method as in claim 1, further comprising exposing the surface to chemical

vapor deposition conditions.

8. A method as in claim 7, comprising allowing a material to be deposited via
chemical vapor deposition at the at least one indentation and removing the self-assembled

monolayer thereby exposing the region contiguous with the indentation remaining free of the
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material.

0. A method as in claim 1, further comprising exposing the surface to a fluid

precursor of a material to be deposited at the surface.

10. A method as in claim 9, comprising allowing material to be deposited from the
fluid precursor at the at least one indentation and removing the self-assembled monolayer
from the region contiguous with the indentation thereby exposing the region contiguous with

the indentation remaining free of the material.

11. A method as in claim 7, comprising depositing a metal via chemical vapor

deposition at the region contiguous with the indentation.
12. A method as in claim 11, wherein the metal is copper.

13. A method as in claim 9, wherein the fluid precursor is a sol-gel precursor of a
metal oxide including a metal or metals selected from the group consisting of Bi, Zr, Sr, Sc,

Ta, Li, Nb, Pb, Ti, Ba, and combinations thereof.

14. A method as in claim 1, wherein the surface is a sufface selected from the
group consisting of LaAlO;, SrTiO,, MgO, Si, Si0,, P/Si, AL,O;, glass, AVSi, Ti, N, ITO, Al,

Pt, sapphire, and combinations thereof.

15. A method comprising:
applying to at least one portion of a surface of an article 2 CVD blocking agent from
an applicator; and

exposing the surface to chemical vapor deposition conditions.

16. A method as in claim 15, wherein the blocking agent is a self-assembled

monolayer.
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17. A method as in claim 15 or 16, involving allowing material to be deposited
via chemical vapor deposition on a second portion of the surface contiguous with the first
portion and removing the self-assembled monolayer thereby creating a pattern on the surface
including material deposited on the second portion and the surface at the first portion

remaining free of material.

18. A method as in claim 16, wherein the material is selected from the group

consisting of copper, platinum, and palladium.

19. A method as in claim 15, wherein the surface is a surface selected from the
group consisting of LaAlOs, SrTiOs, MgO, Si, SiO,, Pt/Si, AL,O;, glass, Al/Si, Ti, N, ITO, Al,

Pt, sapphire, and combinations thereof.
70. A method as in claim 15, wherein the surface is nonplanar.

71. A method as in claim 20, wherein the applying step comprises contacting the
surface with an applicator having a contoured surface including a plurality of protrusions and
indentations such that the protrusions contact a plurality of portions of the surface and apply
thereto a self-assembled monolayer, leaving contiguous, second portions of the surface free of

the self-assembled monolayer.

29 A method as in claim 20, wherein the applying step involves applying a self-
assembled monolayer to a plurality of first portions of the surface and allowing second,
contiguous portions to remain free of the self-assembled monolayer, at least one of the second

portions including a lateral dimension of less than about 5 pm.

23 A method as in claim 15, involving applying to the at least one first portion of
the surface a self-assembled monolayer from an applicator having a conformable surface by
contacting the at least one portion with the conformable surface of the applicator thereby

transferring to the at least one first portion a self-assembled monolayer.
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24. A method comprising exposing a nonplanar surface to chemical vapor
deposition conditions and allowing material to be deposited on a first portion of the surface

while blocking a second, contiuous portion of the surface from deposition.

25. A method comprising:
exposing a surface, on at least a first portion of which is a blocking agent, to a sol-gel

precursor of a material to be deposited at the surface.

26. A method as in claim 25, wherein the surface is a surface selected from the
group consisting of LaAlO;, SrTiO,, MgO, Si, Si0,, Pt/Si, Al,O,, glass, Al/Si, Ti, N, ITO, Al,

Pt, sapphire, and combinations thereof.

27. A method as in claim 25, involving applying to the first portion of the surface

a self-assembled monolayer from an applicator.

28. A method as in claim 27, wherein the applying step comprises contacting the
surface with an applicator having a contoured surface including a plurality of protrusions and
indentations such that the protrusions contact a plurality of portions of the surface and apply
thereto a self-assembled monolayer, leaving contiguous, second portions of the surface free of

the self-assembled monolayer.

29. A method as in claim 28, wherein the applying step involves applying a self-
assembled monolayer to a plurality of first portions of the surface and allowing second,
contiguous portions to remain free of the self-assembled monolayer, at least one of the second

portions including a lateral dimension of less than about 5 um.

30. A method as in claim 25, involving applying to the first portion of the surface
a self-assembled monolayer from an applicator having a conformable surface by contacting
the at least one portion with the conformable surface of the applicator thereby transferring to

the at least one first portion a self-assembled monolayer.
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31. A method as in claim 25, wherein the sol-gel precursor is a precursor of a
metal oxide including a metal or metals selected from the group consisting of Bi, Zr, Sr, Sc,

Ta, Li, Nb, Pb, Ti, Ba, and combinations thereof.

32. A method as in claim 31, wherein the sol-gel precursor is a precursor of lead
zirconium titanate, barium strontium titanate, lead scandium tantalate, lithium niobate, lead
lanthanum titanate, lead zirconium titanate, barium strontium titanate, barium titanate,

tantalum oxide, or a combination of any of the above.

33. A method involving depositing, from a sol-gel precursor solution, a metal
oxide on a first portion of a surface of a substrate while allowing second portions of the
substrate surface contiguous with the first portion to remain free of the metal oxide, the first

portion of the substrate surface having a lateral dimension of less than about 5 pm.

34.  Exposing a substrate surface to CVD conditions and depositing material on a
first portion of the substrate surface selectively at a rate of at least about 300 Angstroms per
minute growth of material while preventing material from being deposited at a second portion

of the substrate surface contiguous with the first portion.

35. A method comprising:

depositing, via CVD or sol-gel processing, material proximate first and second
portions of a substrate surface; and

removing the material from the first portion while allowing the material to remain at

the second portion.
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