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(57) ABSTRACT 
Systems and methods for creating a combinatorial coating 
library including a coating system operatively coupled to at 
least one of a plurality of materials suitable for forming at 
least one coating layer on a surface of one or more substrates 
and a curing system operative to apply at least one of a 
plurality of curing environments to each of a plurality of 
regions associated With the at least one coating layer. The 
curing system including a scanning mirror system having a 
mirrored surface positionable relative to an incoming radia 
tion beam, Wherein the mirrored surface is positionable to 
direct the incoming radiation beam to a selected one of the 
plurality of regions associated With the coating layer. The 
combinatorial coating library comprising a predetermined 
combination of at least one of the plurality of materials and 
at least one of the plurality of curing environments associ 

(22) Filed: Sep. 23, 2003 ated With each of the plurality of regions. 
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SYSTEMS AND METHODS FOR THE 
DEPOSITION AND CURING OF COATING 

COMPOSITIONS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a division of US. application 
Ser. No. 09/682,831 ?led Oct. 23, 2001, Which is incorpo 
rated by reference herein. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

[0002] The US. Government may have certain rights in 
this invention pursuant to National Institutes of Standards 
and Technology (NIST) contract number 70NANB9H3038. 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates generally to systems 
and methods for generating combinatorial coating libraries 
and, more speci?cally, to systems and methods for depos 
iting and curing substrate-supported chemical compositions. 

[0004] Coatings are Widely used in industry to enhance the 
functionality and add-on value of bulk materials. There are 
generally tWo types of functional coating materials: organic 
and inorganic coatings. Organic coating materials are Widely 
used in industrial protective/decorative applications, such as 
automobile clear coatings, paints, etc. Other types of organic 
coatings include, for example, environmental barrier coat 
ings, anticorrosive coatings, adhesive and release coatings, 
electric conductive/optic transparent coatings, scratch-resis 
tant coatings, etc. The discovery of an advanced coating 
formulation promises signi?cant value for a manufacturer. 

[0005] The development of generic tools to accelerate the 
discovery process for various coating systems may be of 
even higher value for a manufacturer, hoWever, as the search 
for and optimiZation of advanced coatings is more of an art 
than a science. The poWer of theoretical guidance in the 
search for and optimiZation of advanced coatings is limited, 
largely because of the complexity of a typical coating system 
and the multiplicity of quality requirements that must be 
met. Typically, industrial coating formulations must meet 
multiple functional requirements, and multiple compatible 
functional groups or blends are necessary to obtain a bal 
anced formulation. In addition, the properties of a coating 
system depend not only on the formula/composition, but 
also on the coating application method and processing 
conditions. For example, the degree of thickness uniformity 
and surface roughness, Which depend on the application 
method and processing conditions of a coating, are impor 
tant in the quality and reproducibility of the coating. Further, 
different application methods and processing conditions, 
including, for example, the sequence of application of each 
layer of a multi-layer coating, exposure to ultraviolet (UV)/ 
electron curing, and varying temperature/pressure, are 
highly important factors in determining the structure/com 
position of the ?nal coating, impacting its functionality. 

[0006] Thus, because of the multitude of variables that 
affect the production of a coating, most of the usable 
industrial coating systems developed to date have been the 
result of serendipitous trial-and-error experimental pro 
cesses. 
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BRIEF SUMMARY OF THE INVENTION 

[0007] Therefore, there is a need for systems and methods 
that accelerate the rate at Which functional coatings may be 
generated for various manufacturing applications. Further, 
there is a need for systems and methods that alloW such 
coatings to be produced in a controlled manner, With vari 
able compositions/thicknesses and curing parameters over 
the different regions of a single coating or a coating library. 

[0008] In one embodiment, a system for creating a com 
binatorial coating library includes a coating system opera 
tively coupled to at least one of a plurality of materials 
suitable for forming at least one coating layer on a surface 
of one or more substrates and a curing system operative to 
apply at least one of a plurality of curing environments to 
each of a plurality of regions associated With the at least one 
coating layer. The curing system includes a scanning mirror 
system having a mirrored surface positionable relative to an 
incoming radiation beam, Wherein the mirrored surface is 
positionable to direct the incoming radiation beam to a 
selected one of the plurality of regions associated With the 
coating layer. The combinatorial coating library comprises a 
predetermined combination of at least one of the plurality of 
materials and at least one of the plurality of curing envi 
ronments associated With each of the plurality of regions. 

[0009] In another embodiment, a method for creating a 
combinatorial coating library includes selectively depositing 
at least one of a plurality of materials suitable for forming at 
least one coating layer on a surface of one or more substrates 
and selectively applying at least one of a plurality of curing 
environments to each of a plurality of regions associated 
With the at least one coating layer using a scanning mirror 
system having a mirrored surface positionable relative to an 
incoming radiation beam, Wherein the mirrored surface is 
positionable to direct the incoming radiation beam to a 
selected one of the plurality of regions associated With the 
coating layer. The combinatorial coating library comprises a 
predetermined combination of at least one of the plurality of 
materials and at least one of the plurality of curing envi 
ronments associated With each of the plurality of regions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a schematic diagram of a system for the 
deposition and curing of coating compositions; 

[0011] FIG. 2 is perspective vieW of a coating library 
generated by the system of FIG. 1; 

[0012] FIG. 3 is a cross-sectional side vieW of one 
embodiment of the system of FIG. 1, utiliZing a one 
dimensional spin-coating method; 

[0013] FIG. 4 is a cross-sectional side vieW of another 
embodiment of the system of FIG. 1, utiliZing a tWo 
dimensional spin-coating method; 

[0014] FIG. 5 is a perspective vieW of a further embodi 
ment of the system of FIG. 1, utiliZing a dip-coating 
method; 
[0015] FIG. 6 is cross-sectional side vieW of a spatially 
addressable mask system; 

[0016] FIG. 7 is a graphic representation of a Wedge 
mask, a linearly-variable mask, a sinusoidally-variable 
mask, and a repeating mask; 
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[0017] FIG. 8 is a plot of the transmission characteristics 
of the mask of FIG. 7; 

[0018] 
system; 

[0019] FIG. 10 is a perspective vieW of guided spatially 
addressable curing system; 

[0020] FIG. 11 is a cross-sectional side vieW of a thermal 
gradient curing system; 

[0021] FIG. 12 is a perspective vieW of one embodiment 
of the system of FIG. 1, utilizing a plurality of coating and 
curing stations; 

FIG. 9 is a perspective vieW of a scanning mirror 

[0022] FIG. 13 is a perspective vieW of another embodi 
ment of the system of FIG. 1, utiliZing a plurality of spray 
coaters and curing sources; and 

[0023] FIG. 14 is a block diagram of a method for the 
deposition and curing of coating compositions. 

[0024] FIG. 15 is a schematic diagram of an experimental 
setup for the determination of the effect of temperature on 
the UV curing of coatings. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] Referring to FIGS. 1 and 2, a system 10 for 
making an array of coated materials that form a coating 
library 11 includes a delivery mechanism 12 for delivering 
a plurality of materials 14 onto a surface 16 of a substrate 18 
to form a coating 20. The substrate surface 16 includes a 
plurality of prede?ned regions 22 that are positioned Within 
a delivery area 23. The delivery mechanism 12 is positioned 
to deliver the plurality of materials 14 to the delivery area 
23. Optionally, a miXer combines the plurality of materials 
14 to form a miXture or combination of the plurality of 
materials 14, With a controller 24 controlling the selection, 
quantity, and sequence of delivery of each of the plurality of 
materials 14 to the miXer such that the composition of the 
coating 20 may be varied, either incrementally or continu 
ously, betWeen each of the plurality of prede?ned regions 22 
of the substrate surface 16 to form a coating library 11. As 
such, each of the plurality of prede?ned regions 22 is coated 
With one of a plurality of prede?ned coatings. The plurality 
of prede?ned coatings may include a single layer coating of 
one of the plurality of materials 14 and a single layer coating 
of a combination of the plurality of materials 14. Optionally, 
the plurality of prede?ned coatings may also include a 
multi-layer coating, Where each layer is one of the plurality 
of materials 14, and a multi-layer coating, Where each layer 
is a combination of the plurality of materials 14. Addition 
ally, the system 10 may include a mask 26 in communication 
With the controller 24 to permit the delivery of the plurality 
of materials 14 to different combinations of the plurality of 
prede?ned regions 22 of the substrate surface 16. The 
system 10 may also include a curing source 28 for curing the 
plurality of materials 14, or combinations thereof, either as 
they are being delivered onto the substrate surface 16 or 
once they have been deposited on the substrate 18. Further, 
the system 10 may include a testing device 30 for perform 
ing analytical tests on the coated substrate 18 or coating 
library 11 to determine the properties or characteristics of 
each of the plurality of prede?ned coatings. The mask 26 
may be secured by a mounting device 32, Which optionally 
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may movably position the mask 26 Within the system 10. 
Similarly, the substrate 18 may be secured by a holding 
device 34, Which preferably movably positions the substrate 
18 Within the system 10. Thus, the present invention pro 
vides a system 10 and method for manufacturing a coating 
library 11 having an array of coatings 20 established from a 
plurality of materials 14 delivered onto a substrate 18. 
Speci?c embodiments of this system 10 and method are 
discussed beloW. 

[0026] The delivery mechanism 12 may be a single device 
or it may be a plurality of individual devices, each delivering 
the plurality of materials 14 onto the surface 16 of the 
substrate 18. The position of the delivery mechanism 12 may 
be ?Xed Within the system 10 relative to the delivery area 23 
or it may be movable relative to the delivery area 23. 
Preferably, the delivery mechanism 12 projects the plurality 
of materials 14 to the delivery area 23 in a vaporiZed/ 
atomiZed or liquid form. Suitable eXamples of a delivery 
mechanism 12 include: a spray noZZle or gun of any type, 
such as an air, airless, thermal, ultrasonic, or hydraulic force 
spray noZZle or gun; a die/scraper casting head; an electron 
beam evaporator; a sputtering device; a chemical vapor 
deposition device; an ink jet print head; a draW-doWn device, 
such as a Wire-Wound rod or a doctor-blade; and a linear 
coating head. The linear coating head may, for eXample, 
include one or more coating applicators, each having a 
supply inlet ?uidly coupled to at least one of the plurality of 
materials 14 and each de?ning an elongate distribution 
channel With a length corresponding to a Width of the 
substrate 18. The linear coating head is preferably positioned 
at a suitable distance adjacent to the surface 16 of the 
substrate 18 to dispense a uniform thickness of the plurality 
of materials 14, or a combination(s) thereof, onto the sub 
strate 18. 

[0027] In one embodiment, the delivery mechanism 12 
may also include a plurality of conventional liquid-handling 
devices (such as the Quadra 96 Model 230 Liquid Delivery 
System, Tomtec, Orange, Conn.). The liquid-handling 
devices, placed at predetermined positions adjacent to the 
surface 16 of one or more spinning substrates 18, deliver the 
plurality of materials 14, or combinations thereof, to the 
substrate(s) 18. The spinning substrate(s) 18, and the asso 
ciated holding device 34 may be arranged in, for eXample, 
a one-dimensional array (see FIG. 3) or a tWo-dimensional 
array (see FIG. 4). 

[0028] Alternatively, referring to FIG. 5, in another 
embodiment the delivery mechanism 12 may include a 
plurality of Wells 36 or other suitable containers in Which the 
plurality of materials 14, or combinations thereof, may be 
disposed. Liquids of the same or different compositions may 
be disposed Within the plurality of Wells 36 using, for 
eXample, a conventional liquid-handling device. Aplurality 
of substrates 18, each held by a substrate holder, are 
arranged vertically and immersed in the corresponding Wells 
36. Upon removal of the substrate array 38, each of the 
plurality of substrates 18 is dip-coated With a predetermined 
coating. This method is particularly useful for the coating of 
acoustic Wave transducers used to measure variations in 
acoustic Wave parameters as the amount of material depos 
ited on each device or the viscoelastic properties of each 
coating vary. Each of the plurality of acoustic Wave trans 
ducers may have a ?rst acoustic Wave parameter and a 
second acoustic Wave parameter, the ?rst acoustic Wave 
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parameter corresponding to a ?rst amount of coating or 
viscoelastic property of the coating layer, the second acous 
tic Wave parameter corresponding to a second amount of 
coating or viscoelastic property of the coating layer. 

[0029] Referring again to FIGS. 1 and 2, the plurality of 
materials 14 may include organic materials in various states, 
such as vaporiZed/atomiZed and liquid materials. Suitable 
eXamples of said materials 14 include polymeric materials, 
oligomeric materials, and small molecules, Where the small 
molecules may be individual monomers that react to form a 
coating. The plurality of materials 14 may include, but are 
not limited to, polymers and oligomeric materials such as 
polycarbonates, acrylics, silicones, cellulose esters, polyes 
ters, alkyds, polyurethanes, polyethers, vinyl polymers, and 
the like, as Well as monomers including acrylates, epoXies, 
polyisocyanates, polyols, thiols, unsaturated esters, silanes, 
substituted ole?ns, and the like. Preferably, the plurality of 
materials 14 provide organic polymeric materials, such as 
“architectural” materials having protective or decorative 
functionality, especially including thermoplastic or thermo 
setting polymers. Further, the plurality of materials 14 
optionally may be vaporiZed or atomiZed, individually or in 
combination, and directed to or deposited onto the substrate 
18, With the vaporiZed/atomiZed material coalescing to form 
a continuous coating 20 if a sufficient amount of the material 
is delivered onto the substrate 18. Alternatively, the plurality 
of materials 14 may be directed to or deposited onto the 
substrate 18 in a liquid form. Optionally, the material or 
combination of materials 14 may form a coating 20 having 
a plurality of layers, Where the coating 20 may be a 
multi-functional coating having an overall function dictated 
by a prede?ned functional role of each layer. The plurality 
of materials 14 may be combined such that multiple organic 
materials are combined into a coating 20. By providing these 
various combinations of the plurality of materials 14, the 
interaction and compatibility of various combinations may 
be determined through the use of the testing device 30. 

[0030] The coating 20 is a material or a combination of 
materials deposited on the surface 16 of the substrate 18. 
These materials 14 may remain as separate homogenous 
materials, or they may interact, react, diffuse, miX, or 
otherWise combine to form a neW homogeneous material, a 
mixture, a composite, or a blend. In general, a coating 20 has 
a lateral measure, ie a measured length across the surface 
16 of the substrate 18, much greater than a thickness, ie a 
measure of the coating 20 normal to the surface 16 of the 
substrate 18. Preferably, each layer of coating 20 is a 
thin-?lm layer. The coating 20 may vary in composition, 
preferably in an incremental or continuous manner, from one 
prede?ned region 22 to another to thereby form an array of 
coatings that de?ne the plurality of prede?ned coatings of 
the coating library 11. Each member of the array of coatings 
is distinguishable from the others based upon its location. 
Further, each member of the array of coatings may be 
processed under the same conditions and analyZed to deter 
mine its performance relative to functional or useful prop 
erties, and then compared With each of the other members of 
the array of coatings to determine its relative utility. Alter 
natively, each member of the array of coatings may be 
processed under different conditions and the processing 
methods may be analyZed to determine their performance 
relative to functional or useful properties, and then com 
pared With each other to determine their relative utility. 
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[0031] Each of the plurality of prede?ned regions 22 is a 
?Xed area on the surface 16 of the substrate 18 for receiving 
one or a combination of the plurality of materials 14 to form 
a coating 20. Each of the prede?ned regions 22 may have 
any shape suf?cient for receiving and analyZing the coating 
20 deposited thereon, such as rectangular, linear, arcuate, 
circular, elliptical, combinations thereof, etc. Each of the 
prede?ned regions 22 typically has an area in the range of 
about 0.01 mm2 to about 100 cm2, preferably in the range of 
about 1 mm2 to about 10 cm2, and more preferably in the 
range of about 10 mm2 to about 100 mm2. Other areas may 
be utiliZed, and the area of each prede?ned region 22 may 
be determined by the capability of the deposition and 
analytical devices, or by a preferred density of the coating 
library 11, etc. 

[0032] The substrate 18 is a rigid or semi-rigid material 
suitable for receiving and supporting the plurality of mate 
rials 14. The substrate 18 has at least one substantially ?at 
surface 16, or surface otherWise capable of receiving the 
plurality of materials 14, Which includes the plurality of 
prede?ned regions 22. This surface 16, optionally, may have 
raised portions to physically separate each of the plurality of 
prede?ned regions 22. The substrate 18 may be of any siZe 
and shape, but preferably is in an elongated shape, such as 
in a tape, ?lm, Web, or roll. A ?lm, for eXample, may range 
in thickness from about 25 micrometers to about 1,250 
micrometers. The substrate 18 may also be in a disk, plate, 
or spherical shape. The surface 16 of the substrate 18, 
corresponding to the delivery area 23, typically has an area 
in the range of about 1 mm2 to about 1 m2, preferably in the 
range of about 50 mm2 to about 750 cm2, and more prefer 
ably in the range of about 1 cm2 to about 500 cm2. 

[0033] The substrate 18 may be secured Within the system 
10 and positioned in the delivery area 23 by the holding 
device 34. The holding device 34 may movably position the 
substrate 18 Within the system 10. Preferably, the holding 
device 34 may movably position the substrate 18 at a 
substantially constant rate. For example, for a substrate 18 in 
the form of an elongated tape, Web, or roll, the holding 
device 34 may include a tape pay-out device and a tape 
take-up device that are both rotatable and Which support the 
tape, possibly in combination With rollers, in the delivery 
area 23. In another eXample, the holding device 34 may be 
a stage on Which the substrate 18 is placed and secured, 
Where the stage is connected to a motor or other actuator 
type device that controls the position and movement of the 
stage relative to the delivery area 23. As such, the controller 
24 may control the movement of the holding device 34 to 
determine Which of the plurality of prede?ned regions 22 of 
the surface 16 of the substrate 18 receive the plurality of 
materials 14. For eXample, the controller 24 may move the 
holding device 34 such that predetermined ones of the 
plurality of prede?ned regions 22 are outside of the delivery 
area 23 and therefore do not receive the plurality of materials 
14. 

[0034] The delivery area 23 is an area at a ?Xed position 
Within the system 10. The delivery area 23 may be of any 
shape and siZe and typically, but not necessarily, substan 
tially corresponds in shape and siZe to the plurality of 
prede?ned regions 22 of the surface 16 of the substrate 18. 
HoWever, the plurality of prede?ned regions 22 of the 
surface 16 of the substrate 18 may be much larger or much 
smaller than the delivery area 23. The ?Xed positioning of 
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the delivery area 23 provides a known, constant locale for 
the system 10 to deliver the plurality of materials 14 onto the 
surface 16 of the substrate 18. 

[0035] The controller 24 is a computer system having 
inputs, outputs, a memory, and a processor for receiving, 
sending, storing, and processing signals and data to operate, 
monitor, record, and otherWise functionally control the 
operation of the system 10. The controller 24 includes a 
computer system having an interface board for integrating 
all of the components of the system 10 and a motion 
controller for controlling the movements of the mask 26 and 
substrate 18. The controller 24 may include a keyboard and 
a mouse for inputting data and commands, a video display 
for displaying information, and a printer for printing infor 
mation. The controller 24 may include softWare, hardWare, 
?rmWare, and other similar components and circuitry for 
operating the system 10. The controller 24 may be a single 
device, or it may be a plurality of devices Working in 
concert. The controller 24 is preferably in communication 
With all of the other components of the system 10, including 
the plurality of materials 14, the delivery mechanism 12, the 
substrate 18, the mask 26, the curing source 28, the testing 
device 30, the mounting device 32, and the holding device 
34, to coordinate the operations of the system 10. For 
eXample, the controller 24 may control the selection, quan 
tity, and sequence of delivery of each of the plurality of 
materials 14 to a miXer such that the composition of the 
coating 20 may be varied, either incrementally or continu 
ously, betWeen each of the plurality of prede?ned regions 22 
of the substrate surface 16. The controller 24 may also 
control the delivery of the plurality of materials 14 onto the 
substrate 18, recording the eXact combination of materials 
14 that make up the coating 20 at each prede?ned region 22. 
By controlling the delivery, the controller 24 may control 
one or more of the material volume, the combination of 
materials 14, the projective poWer, the coating speed, the 
spacing betWeen the delivery mechanism 12 and the sub 
strate 18, the masking, etc. Further, the controller 24 con 
trols, synchroniZes, combines, and records the delivery and 
curing of the delivered materials 14, the testing of the 
coating library 11, and the analysis of the test results. 

[0036] The mask 26 is a material having one or more 
patterns of open areas and blocked areas, Where the open 
areas alloW delivery of the plurality of materials 14 and/or 
a curing medium onto the substrate 18 and the blocked areas 
prohibit the delivery. The pattern may be in any shape. The 
mask 26 is utiliZed to de?ne the spatial variation of materials 
or processing conditions in the coating library. In a binary 
masking system, for eXample, the mask 26 includes a 
plurality of patterns that are sequentially arranged to alloW 
delivery to alternating half areas on the surface 16 of the 
substrate 18. The mask 26 may be positioned anyWhere in 
betWeen the plurality of materials 14 and/or curing source 28 
and the substrate 18, including positioned directly on top of 
and in contact With the substrate 18, along the line of 
delivery of the materials 14 or curing medium. By increasing 
the spacing betWeen the mask 26 and the substrate 18, an 
effect called “shadoWing” is produced Which may be unde 
sirable in some instances. In shadoWing, the pattern of 
material 14 delivered to the substrate 18 is proportional to 
the pattern of the mask 26, but larger, as the spacing betWeen 
the mask 26 and the substrate 18 alloWs the delivered pattern 
to eXpand until it reaches the substrate 18. The mask 26 may 
be formed of a rigid or semi-rigid material, or the mask 26 
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may be a chemical formed on the surface 16 of the substrate 
18. Preferably, the material of the mask 26 insures that the 
mask 26 is as ?at as possible and resists bending and/or 
folding. Suitable eXamples of mask materials include: sili 
con, silicon oxide, and glass for rigid or relatively non 
bendable materials; plastics, metals, and alloys for semi 
rigid or relatively bendable materials in the form of sheets, 
?lms, or foils; and lithographic-polyacrylate (“PMMA”) and 
other chemical materials that form positive and negative 
chemical masks. 

[0037] The mask 26 may be secured Within the system 10 
and positioned relative to the delivery area 23 by the 
mounting device 32. The mounting device 32 may movably 
position the mask 26. For eXample, for a mask 26 in the form 
of an elongated semi-rigid material having a plurality of 
patterns, the mounting device 32 may include a tape pay-out 
device and a tape take-up device that are both rotatable and 
that support the tape, possibly in combination With rollers, 
relative to the delivery area 23. In another example, for a 
mask 26 in the form of a rigid material, the mounting device 
32 may be a platform or other supporting structure con 
nected to a motor or other actuator-type device that controls 
the position of the platform and mask 26 relative to the 
delivery area 23. This alloWs one pattern or a number of 
patterns to be utiliZed to mask different prede?ned regions 
22 of the substrate 18 by movement of the mask 26. As such, 
the controller 24 may control the movement of the mounting 
device 32 to control the prede?ned regions 22 onto Which 
the plurality of materials 14, or combinations thereof, are 
delivered. 

[0038] The curing source 28 is a device in communication 
With each of the plurality of materials 14 causing a reaction 
or solvent evaporation With one or a combination of the 
plurality of materials 14. For eXample, the reaction may be 
a polymeriZation reaction, a cross-linking reaction, a small 
molecule reaction, an inorganic phase reaction, and other 
similar reactions appropriate for the delivered material(s) 
14. The curing source 28 accomplishes this by delivering a 
curing medium. The curing medium may be any form of 
energy or suitable material that interacts With the combina 
tion of the plurality of materials 14 forming the coating 20 
to suf?ciently cure the coating 20. Suitable eXamples of 
curing environments preferably include those created by a 
curing source 28 selected from the group consisting of 
ultraviolet (UV) radiation, infrared (IR) radiation, thermal 
radiation, microWave radiation, visible radiation, narroW 
Wavelength radiation, laser light, and humidity. Suitable 
eXamples of a curing source 28 include, for eXample, a 
heating device in communication With the substrate 18, a 
radiation device in communication With the delivered or 
deposited materials 14, a microWave device, a plasma 
device, and combinations thereof. It may be desirable, for 
eXample, to combine radiative thermal energy With UV 
radiation or IR radiation to cure coatings 20 forming a 
coating library 11. 

[0039] The curing source 28 may be placed in communi 
cation With each of the plurality of materials 14 such that it 
causes the same reaction, or degree of reaction, in each of 
the prede?ned coatings in each of the plurality of prede?ned 
regions 22 or it may be placed such that it causes a different 
reaction, or degree of reaction, in each of the prede?ned 
coatings in each of the plurality of prede?ned regions 22. In 
practice, this may be done, for eXample, by positioning the 










