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(57) ABSTRACT 

Articles, such as high density arrays, on heat-relaxable 
substrates that can be relaxed by exposure to thermal energy 
are disclosed, along With methods of manufacturing the 
arrays, and systems/apparatus for relaxing arrays using 
electromagnetic energy. The arrays may themselves include 
electromagnetic energy sensitive material in their construc 
tion, in Which case exposure of the arrays to suitable 
electromagnetic energy can provide the thermal energy 
required to cause the arrays to relax. In other embodiments, 
the arrays may not include an electromagnetic energy sen 
sitive material in their construction, in Which case the arrays 
may be heated indirectly, i.e., by locating the arrays Within 
a system or apparatus that includes an electromagnetic 
energy sensitive material and transferring the thermal energy 
from the electromagnetic energy sensitive material to the 
array by, e.g., conduction. 
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HEAT-RELAXABLE SUBSTRATES AND ARRAYS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a division of co-pending US. 
patent application Ser. No. 09/708,916, ?led Nov. 8, 2000, 
Which is a continuation of US. patent application Ser. No. 
09/459,418, ?led Dec. 9, 1999, noW abandoned. 

FIELD OF THE INVENTION 

[0002] The present invention relates to heat-relaxable sub 
strates. More particularly, the present invention provides 
high density arrays on heat-relaxable substrates, along With 
methods and apparatus for relaxing substrates using elec 
tromagnetic energy. 

BACKGROUND 

[0003] Arrays may be used in a variety of applications, 
such as gene sequencing, monitoring gene expression, gene 
mapping, bacterial identi?cation, drug discovery, and com 
binatorial chemistry. Many of these applications involve 
expensive and oftentimes dif?cult to obtain samples and 
reagents. Accordingly, high density arrays are desirable 
because the use of such arrays may dramatically increase 
ef?ciency With respect to limited or expensive samples When 
compared to standard arrays, such as a 96 Well plate. For 
example, a 96 Well plate may require several hundred 
microliters of sample per Well to run a diagnostic experiment 
Whereas a high-density array Would require only a fraction 
of that sample for the entire array. In addition to the 
reduction of volume, miniaturiZation alloWs hundreds or 
thousands of tests to be performed simultaneously. Further 
more, a high-density array may be more versatile than a 
standard array because of the Wide variation of chemistries 
that may be present on a single array. 

[0004] Problems in the manufacturing of high-density 
arrays on standard substrates, e.g., glass microscope slides, 
include the need for multiple steps to produce the arrays With 
densely packed reactants. The manufacture of high-density 
arrays is further complicated When different chemistries are 
required at different binding sites on the arrays, such as 
required for manufacturing nucleic acid arrays. 

[0005] Attempts to address the need for high-density 
arrays have included using oriented polymeric ?lms in place 
of glass slides as the substrate for the arrays. The arrays can 
include binding sites formed on the oriented polymeric ?lms 
in a larger format that is easier to manufacture, after Which 
the oriented polymeric ?lms can be relaxed by applying 
thermal energy to the substrate to provide arrays With 
high-density binding sites. Examples of such arrays are 
described in WO 99/53319 (HIGH DENSITY, MINIATUR 
IZED ARRAYS AND METHODS OF MANUFACTUR 
ING SAME, published Oct. 21, 1999) and commonly 
assigned US. patent application Ser. No. 09/287,379, ?led 
Apr. 7, 1999, entitled HIGH DENSITY, MINIATURIZED 
ARRAYS AND METHODS OF MANUFACTURING 
SAME. 

[0006] Although the oriented polymeric ?lms provide 
signi?cant advantages in array manufacturing, their use does 
pose additional problems during the substrate relaxation 
process. One potential problem is achieving uniform trans 
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mission of thermal energy to the array substrate. Another 
potential problem is curling or other distortion of the sub 
strate during the application of thermal energy to induce 
relaxation. 

[0007] Oriented polymeric ?lms used in, e.g., packaging 
applications, are typically relaxed using thermal energy 
supplied by air. When used as packaging, hoWever, the 
?atness of the ?lm after relaxation is typically not important 
because the ?lm is constrained around a package, typically 
conforming to the shape of the package. In applications 
Where a ?at ?lm is desired after relaxation, the ?lm is 
typically placed in tension. An example of one such appli 
cation is in the use of oriented polymeric ?lms over WindoWs 
to prevent drafts, provide additional insulation, etc. When 
used on WindoWs, the ?lm is held in tension betWeen, e.g., 
adhesive tapes applied to the WindoW frame. When provided 
as the substrate of an array, hoWever, the ?lm is not so 
constrained or tensioned, thereby causing the potential for 
curling as described above. 

[0008] Another issue to address is hoW to quickly and 
ef?ciently supply the thermal energy required to relax the 
?lm. The use of conductive heating devices, e.g., hot plates, 
may require the constant attention of an operator or feedback 
control systems to prevent overheating and/or uneven heat 
ing of the ?lm. 

[0009] Another concern With heat-relaxable arrays manu 
factured With attached or embedded materials that make the 
array useful for bioanalytical applications, e. g., DNA, RNA, 
proteins, polysaccharides, antibodies, etc., is that the appli 
cation of excessive thermal or other forms of energy may 
adversely affect the functional performance of the materials 
on the array. 

SUMMARY OF THE INVENTION 

[0010] In some embodiments, the present invention pro 
vides articles comprising polymeric heat-relaxable sub 
strates suitable for use in manufacturing arrays, Wherein the 
substrates include electromagnetic energy sensitive material 
for use in relaxing the substrates upon exposure to electro 
magnetic energy. In other embodiments, the present inven 
tion provides articles, such as high density arrays, including 
heat-relaxable substrates that can be relaxed by exposure to 
electromagnetic energy. Methods of relaxing arrays includ 
ing heat-relaxable substrates and reactants af?xed thereto are 
also provided in connection With the present invention. In 
still other embodiments, the present invention also provides 
methods of manufacturing such articles, as Well as systems 
and apparatus for relaxing the same using electromagnetic 
energy. 

[0011] In some embodiments, the substrates suitable for 
use in manufacturing arrays may themselves include elec 
tromagnetic energy sensitive Curie point material in their 
construction, in Which case exposure of the substrates to 
suitable electromagnetic energy can provide the thermal 
energy required to cause the substrates to relax. The sub 
strates may additionally comprise linking agents or masks, 
in Which case the electromagnetic energy sensitive material 
may be included in the linking agents or masks. Such 
methods for providing energy may be referred to as direct 
heating, i.e., no additional apparatus must be supplied to 
cause the conversion of electromagnetic energy to heat that 
is used to relax the substrates. 



US 2003/0036090 A1 

[0012] In preferred embodiments, the substrates include a 
coating of linking agents, With electromagnetic sensitive 
material included in the substrate. In a most preferred 
embodiment, arrays include reactants af?xed to the sub 
strates. 

[0013] Substrates that include an electromagnetic energy 
sensitive material in their construction may also be placed in 
a system or apparatus that also includes the same or a 
different electromagnetic energy sensitive material to pro 
vide the thermal energy needed to relax the substrate When 
exposed to electromagnetic energy. 

[0014] In its various aspects, the present invention pro 
vides a convenient manner of relaxing substrates that 
include heat-relaxable material. The amount of energy sup 
plied to relax the substrates can be easily controlled and the 
process can be performed quickly and economically. 

[0015] In preferred embodiments, Wherein reactants are 
af?xed to the substrates, additional bene?ts may be 
achieved. For example, after relaxation, the resulting high 
density arrays can provide a level of ?atness useful in 
achieving accurate hybridiZation results. 

[0016] In another aspect of the invention, methods are 
provided for relaxing a substrate. In one embodiment, a 
method includes providing an array including a heat-relax 
able substrate and reactants af?xed thereto; providing elec 
tromagnetic energy sensitive material in proximity to the 
substrate; and directing electromagnetic energy toWards the 
electromagnetic energy sensitive material, Wherein the elec 
tromagnetic energy is converted into thermal energy and 
conducted to the heat-relaxable material, thereby causing the 
heat-relaxable material in the substrate to relax. 

[0017] In another aspect, the present invention provides 
apparatus for relaxing heat-relaxable articles. In one aspect, 
the present invention includes the apparatus having a ?rst 
surface; a second surface opposed to and spaced from the 
?rst surface; and electromagnetic energy sensitive material 
in thermal communication With the ?rst surface, Whereby 
heating of the electromagnetic energy sensitive material by 
electromagnetic energy increases the temperature of the ?rst 
surface. 

[0018] These and other features and advantages of the 
present invention are described in connection With illustra 
tive embodiments of the invention beloW. 

GLOSSARY 

[0019] For purposes of this invention, the folloWing de? 
nitions shall have the meanings set forth. 

[0020] “Af?x” shall include any mode of attaching reac 
tants to a substrate. Such modes shall include, Without 
limitation, covalent and ionic bonding, adherence, such as 
With an adhesive, and physical entrapment Within a sub 
strate. In the case of linking agents, reactants may be af?xed 
to the substrate by linking agents that are created by func 
tionaliZing a surface, such as With an acid Wash, or by 
linking agents that are coated on the substrate. 

[0021] “Analyte” shall mean a molecule, compound, com 
position or complex, either naturally occurring or synthe 
siZed, to be detected or measured in or separated from a 
sample of interest. Analytes include, Without limitation, 
proteins, peptides, amino acids, fatty acids, nucleic acids, 
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carbohydrates, hormones, steroids, lipids, vitamins, bacteria, 
viruses, pharmaceuticals, and metabolites. 

[0022] “Binding site” shall mean a discrete location on a 
substrate Wherein reactants are affixed thereto. A single 
binding site may include a quantity of one or more of the 
same reactants affixed to the substrate. 

[0023] “Curie point material” shall mean a magnetic mate 
rial having a Curie temperature suf?ciently high to raise a 
“Heat-relaxable” material to or above its relaxation tem 
perature When exposed to electromagnetic energy 

[0024] “Electromagnetic energy” shall mean energy hav 
ing rapidly oscillating electric and magnetic components, 
regardless of Wavelength or frequency, that can provide the 
energy required to relax an array, e.g., microWave energy 
and radio-frequency (RF) energy. 

[0025] “Heat-relaxable” shall mean, in the context of a 
material, such as a substrate, that the material undergoes 
some relaxation in at least one dimension in response to the 
transmission of thermal energy into the material. 

[0026] “Linking agent” shall mean any chemical species 
capable of af?xing a “Reactant” to the substrate. 

[0027] “MicroWave energy” shall mean electromagnetic 
energy having a frequency in the range of from about 108 HZ 
to about 3x1011 HZ. 

[0028] “Radio Frequency (RF) energy” shall mean elec 
tromagnetic energy having a frequency in the range of from 
about 104 HZ to about 107 HZ. 

[0029] “Reactant” shall mean any chemical molecule, 
compound, composition or complex, either naturally occur 
ring or synthesiZed, that is capable of binding an analyte in 
a sample of interest either alone or in conjunction With a 
molecule or compound that assists in binding the analyte to 
the substrate, such as, for example, a coenZyme. The reac 
tants of the present invention are useful for chemical or 
biochemical measurement, detection or separation. Accord 
ingly, the term “Reactant” speci?cally excludes molecules, 
compounds, compositions or complexes, such as ink, that do 
not bind analytes as described above. Examples of reactants 
include, Without limitation, amino acids, nucleic acids, 
including oligonucleotides and cDNA, carbohydrates, and 
proteins such as enZymes and antibodies. 

[0030] “Relaxation temperature” shall mean the tempera 
ture at Which a heat-relaxable material exhibits a desired 
amount of relaxation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a cross-sectional vieW of a portion of one 
array according to the present invention. 

[0032] FIG. 2 is a plan vieW of the array of FIG. 1 before 
relaxation. 

[0033] FIG. 3 is a plan vieW of the array of FIG. 2 after 
relaxation. 

[0034] FIGS. 4-9 are cross-sectional vieWs of alternative 
articles according to the present invention. 

[0035] FIG. 10 is a schematic diagram of one system and 
apparatus for relaxing an article formed on a heat-relaxable 
substrate. 
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[0036] FIG. 11 is a schematic diagram of another system 
and apparatus for relaxing an article formed on a heat 
relaxable substrate. 

[0037] FIG. 12 is a schematic diagram of another system 
and apparatus for relaxing an article formed on a heat 
relaxable substrate. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS OF THE INVENTION 

[0038] The present invention provides articles including 
heat-relaxable substrates suitable for use in, e.g., manufac 
turing arrays. The present invention also provides high 
density arrays on heat-relaxable substrates, along With meth 
ods and apparatus for relaxing substrates using electromag 
netic energy. The methods include methods of manufactur 
ing arrays and methods of relaxing the substrates using 
electromagnetic energy. The apparatus are useful in combi 
nation With the arrays to provide high-density arrays that are 
generally ?at. 

[0039] With reference to FIGS. 1-3, an array 10 is illus 
trated and includes a heat-relaxable substrate 20, a layer 30 
including electromagnetic energy sensitive material on the 
substrate 20, and a linking agent coating 40 on the layer 30. 
The substrate 20 is preferably provided as a ?lm With a 
thickness of, e.g., about 0.005 millimeters to about 
0.05 mm. 

[0040] The substrate 20 is preferably constructed of a 
heat-relaxable material such as an oriented polymer. It may 
be preferred that the substrate 20 consist essentially of 
heat-relaxable material, although some ?llers and other 
inactive materials may be included. It is preferred, hoWever, 
that the heat-relaxable material cause substantially the entire 
substrate 20 to relax upon the application of thermal energy. 
That relaxation is preferably, but not necessarily, generally 
uniform in the in-plane directions (see, e.g., the “x” and “y” 
directions in FIG. 2) over the major surfaces of the substrate 
20 . 

[0041] Although the heat-relaxable material is described 
herein as causing the substrate 20 to relax, it should be 
understood that the relaxation is primarily in the siZe of the 
major surfaces of the substrate 20 . The thickness of the 
substrate 20 may, hoWever, actually increase as a result of 
the relaxation. 

[0042] Some preferred oriented polymers that can be used 
as the heat-relaxable material in the substrates 20 of the 
present invention include biaxially oriented loW-density 
polyethylenes; biaxially oriented linear loW-density polyeth 
ylenes; and biaxially oriented ultra loW-density polyethyl 
enes. Biaxially oriented substrates are preferred because 
they exhibit relaxation in tWo orthogonal in-plane directions 
(see, e.g., the “x” and “y” directions in FIG. 2). Other 
oriented substrates that may be suitable for use in the present 
invention include uniaxially, biaxially, or multiaxially ori 
ented substrates made by any process knoWn to the art, 
including but not limited to melt-orientation; the bloWn ?lm, 
bubble, double-bubble, and tubular processes; length orien 
tation; the process of tentering; extension over a mandrel; 
thermoforming; and bloW molding. 

[0043] Polymers Which may be employed in substrates of 
the invention include, but are not limited to, polyethylenes, 
including high density polyethylene, loW density polyethyl 
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ene, linear loW density polyethylene, ultra loW density 
polyethylene, and copolymers of ethylene (including ethyl 
ene propylene copolymers and ethylene vinyl acetate 
copolymers); polyole?ns, including isotactic polypropylene, 
syndiotactic polypropylene, and polymethylpentene; poly 
acetals; polyamides, including polyamide 6 and polyamide 
66; polyesters, including polyethylene terephthalate, poly 
butylene terephthalate, and polyethylene naphthalate; halo 
genated polymers, including polyvinyl chloride, polyvi 
nylidene chloride, polychlorotri?uoroethylene, polyvinyl 
?uoride, and polyvinylidene ?uoride; styrene polymers, 
including general purpose polystyrene and syndiotactic 
polystyrene; cellulose esters, including cellulose acetate and 
cellulose propionate; polyketones, including polyetherether 
ketone and copolymers and terpolymers of carbon monoxide 
With ethylene and/or propylene; polycarbonates, including 
the polycarbonate of bisphenol A; phenyl-ring polymers, 
including polyphenylene sul?de; polysulfones; polyure 
thanes; polymers of acrylic and methacrylic acids and their 
esters; ionomers; and copolymers, blends, or layered struc 
tures of any of the above-named polymers. Oriented sub 
strates of any of these polymers may be optionally cross 
linked. 

[0044] Regardless of its composition, the oriented poly 
mer substrate 20 can be relaxed by the application of thermal 
energy after it has been manufactured. The amount of 
relaxation observed in the substrate 20 depends at least 
partially on the degree to Which the substrate 20 Was 
oriented during manufacturing. The relaxation need not be 
equal in any tWo orthogonal directions Within the plane of 
the substrate 20, although substantially uniform relaxation in 
the tWo orthogonal directions is preferred. In considering 
relaxation as a function of direction in the substrate plane, 
substantial uniformity of directionally-dependent relaxation 
from point to point Within the substrate 20 is preferred; that 
is, the substrate preferably relaxes in substantially the same 
amount in each direction, regardless of position on the 
substrate. If the substrate 20 does not exhibit substantially 
uniform relaxation characteristics, a registration indicator 
system may be added to the binding sites 44 or otherWise 
employed to register the binding sites in the ?nished array. 

[0045] While the starting materials for the substrate 20 are 
preferably oriented polymers, the oriented polymers in the 
array substrates 20 are preferably no longer oriented and, in 
fact, may be isotropic after relaxation. 

[0046] The layer 30 including electromagnetic energy 
sensitive material that is provided on the substrate 20 can 
take a variety of forms. Examples of some suitable materials 
may include those described in US. Pat. Nos. 5,278,377 
(Tsai); 5,446,270 (Chamberlain et al.); 5,529,708 (Palmgren 
et al.); and 5,925,455 (BruZZone et al.). 

[0047] Although the layer 30 is depicted as being in direct 
contact With the substrate 20, one or more intervening layers 
may be located betWeen the layer 30 and substrate 20 
provided that the electromagnetic energy sensitive material 
in the layer 30 is in thermal communication With the 
heat-relaxable material in the substrate 20 such that thermal 
energy in layer 30 is conducted to the substrate 20. 

[0048] Regardless of its speci?c form, hoWever, the elec 
tromagnetic energy sensitive material in the layer 30 absorbs 
electromagnetic energy and converts the incident electro 
magnetic energy into heat such that the thermal energy of the 
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electromagnetic energy sensitive material increases. That 
thermal energy is then transmitted to the heat relaxable 
material of the substrate 20 (typically through conduction). 
The thermal energy raises the temperature of the heat 
relaxable material in the substrate. The amount of relaxation 
is dependent upon the heat-relaxable material in the sub 
strate 20, the temperature to Which the heat-relaxable mate 
rial is heated, and Whether the substrate 20 is constrained 
during heating and/or subsequent cooling. 

[0049] The heat-relaxable material is preferably raised to 
at least its relaxation temperature. As de?ned above, the 
relaxation temperature is the temperature at Which a desired 
amount of relaxation, e.g., as described in WO 99/53319, is 
obtained. 

[0050] Where the electromagnetic energy is to be provided 
in the form of microWave energy, any one or more of three 
phenomena may result in the conversion of the microWave 
energy to thermal energy. Those phenomena include dielec 
tric heating due to electric dipole interaction With the electric 
?eld component of the incident microWave energy. Another 
phenomenon that may be involved in the energy conversion 
is resistive heating, in Which the oscillating electric ?eld 
component of the incident microWave energy interacts With 
conduction band electrons in the material. Yet another 
phenomenon that may be experienced is magnetic heating, 
in Which magnetic dipole interaction of the material With the 
oscillating magnetic ?eld component of the incident micro 
Wave energy heats the material. 

[0051] One characteriZation of an electromagnetic energy 
sensitive material used in connection With the present inven 
tion can be based on the dielectric loss factor of the 
electromagnetic energy sensitive material. In general, the 
relative dielectric loss factor of a material indicates the 
ability of the material to generate thermal energy via friction 
in an oscillating electromagnetic (microWave) ?eld. For 
most arrays of the present invention, the materials used for 
the substrate 20, e.g., oriented polymers, do not, alone, shoW 
any appreciable relaxation When exposed to electromagnetic 
radiation such as microWaves or RF energy. 

[0052] For example, the electromagnetic energy sensitive 
material Will typically possess a relative dielectric loss factor 
that is greater than the relative dielectric loss factor of the 
heat-relaxable material of the substrate 20. In such a con 
?guration, the thermal energy of the electromagnetic energy 
sensitive material Will increase more rapidly than the ther 
mal energy of the heat-relaxable material When subjected to 
microWave energy (understanding that the thermal energy of 
the heat-relaxable material and other constituents in the 
substrate 20 may not increase at all upon exposure to 
microWave energy). As the thermal energy of the electro 
magnetic energy sensitive material increases, at least a 
portion of the thermal energy is transmitted to other mate 
rials in the contact With the electromagnetic energy sensitive 
material. 

[0053] As illustrated in FIG. 1, electromagnetic energy 
sensitive material can be provided as a part of the array 10 
in the form of a coating or layer 30, substantially all of Which 
is an electromagnetic energy sensitive material. In other 
Words, the layer 30 may consist essentially of an electro 
magnetic energy sensitive material. For example, the layer 
30 may be metallic, e.g., it includes one or more metals, one 
or more metallic compounds, or combinations of one or 
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more metals and one or more metallic compounds. The 
metals or metallic compounds of layer 30 are preferably of 
the type that absorb electromagnetic energy and convert that 
energy into thermal energy. 

[0054] Where layer 30 is metallic, the composition and/or 
thickness of the layer may be selected, at least in part, on the 
frequency of electromagnetic energy to be used to heat the 
substrate 20. Where microWave energy is to be used, it may 
be preferred that the metallic layer be relatively thin. If the 
metallic layer is too thick, it may crack and cause arcing 
during heating of the substrate 20 or it might not heat 
suf?ciently to relax the substrate. Another consideration in 
selecting the thickness of a metallic layer 30 is that a layer 
that is too thick may constrain the substrate 20 from relaxing 
in response to the application of thermal energy. 

[0055] In some embodiments Where layer 30 is metallic 
and microWave energy is to be used as the energy source, it 
may be preferred that the layer 30 be, e.g., about 100 
Angstroms thick or less. Another manner in Which to char 
acteriZe the thickness of the layer 30 is by the optical density 
of the layer, typically measured before the arrays are 
relaxed. For example, it may be preferred that the optical 
density of the layer 30 on the substrate 20 be about 0.5 or 
less before relaxation, optionally even more preferably 
about 0.3 or less. 

[0056] If the thermal energy is to be supplied to the array 
10 in the form of RF energy and the layer 30 is metallic, it 
may be thicker than if microWave energy Was to be used to 
heat the substrate 20. The upper limit of any metallic layer 
to be used for RF induction Will typically be controlled by 
the propensity of thicker metallic layers to prevent or 
constrain the array from relaxing in response to heating. 

[0057] One potential advantage of array 10 is that if the 
layer 30 includes one or more metals, one or more metallic 
compounds, or combinations of one or more metals and one 

or more metallic compounds, then layer 30 may also func 
tion as a mask layer to reduce background ?uorescence from 
the substrate 20. Such mask layers are discussed in copend 
ing, commonly-assigned US. patent application Ser. No. 
09/410,863, ?led on Oct. 1, 1999, entitled ARRAYS WITH 
MASK LAYERS AND METHODS OF MANUFACTUR 
ING THE SAME. 

[0058] Although illustrated as a generally continuous 
layer 30 on the substrate 20, it should be understood that the 
thickness of the layer 30 may vary to provide improved 
control over the amount of electromagnetic energy con 
verted to thermal energy ( and, thus, available for transfer to 
the substrate 20). Another alternative for controlling the 
conversion process includes providing layer 30 in a discon 
tinuous pattern on the substrate 20. In some instances, it may 
be desirable to provide both variations in thickness and a 
discontinuous pattern to improve control over the relaxation 
process. 

[0059] As illustrated in FIG. 1, the array 10 may also 
include a coating 40 that includes linking agents. The linking 
agents in coating 40 are selected based on the reactants 42 
to be af?xed to the array 10 and the application for Which the 
array 10 Will be used. It is preferred, but not required, that 
the linking agent coating 40 be applied over substantially all 
of the surface of the substrate 20. One example of a suitable 
linking agent useful in many different arrays is an aZlactone 
moiety. 
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[0060] Reactants 42 can be affixed to the array 10 to create 
binding sites 44 as depicted in FIGS. 1-3, Where FIG. 2 is 
top plan vieW of the front side of the array 10 before 
relaxation and FIG. 3 is a top plan vieW of the array 10 after 
relaxation. As described in, e.g., WO 99/53319 (HIGH 
DENSITY, MINIATURIZED ARRAYS AND METHODS 
OF MANUFACTURING SAME, published Oct. 21, 1999), 
any number of processes knoWn in the art may be used to 
introduce the reactants 42 to be affixed to the linking agent 
coating 40. The mode of af?xation may vary in accordance 
With the reactant or reactants employed. 

[0061] The type of reactant 42 used in the present inven 
tion Will vary according to the application and the analyte of 
interest. For example, When characteriZing DNA, oligo 
nucleotides may be preferred. When conducting diagnostic 
tests to determine the presence of an antigen, antibodies may 
be preferred. In other applications, enZymes may be pre 
ferred. Accordingly, suitable reactants include, Without limi 
tation, amino acids, nucleic acids, including oligonucle 
otides and cDNA, carbohydrates, and proteins such as 
enZymes and antibodies. 

[0062] With reference to FIGS. 2 and 3, in one embodi 
ment, a variety of nucleic acids, such as oligonucleotides can 
be affixed at separate binding sites 44. The variety of 
oligonucleotides at the different binding sites 44 permits a 
large number of potential binding events betWeen reactants 
and target analytes in a sample. 

[0063] The reactants 42 may be affixed to the binding sites 
44 prior to, during or after relaxation of the underlying 
substrate 20. HoWever, it is preferred to affix the reactants 42 
prior to relaxing the substrate 20 to take advantage of the 
methods of the present invention for providing high-density 
arrays including high reactant binding site densities. 

[0064] The array 10 of FIGS. 1-3 illustrates only one 
construction of arrays that are relaxable using electromag 
netic energy. FIG. 4 illustrates another article 110 that 
includes a substrate 120 similar to the substrate 20 of array 
10 described above. The article 110 also includes an optional 
linking agent coating 140. Adifference in the construction of 
article 110 from array 10 illustrated in FIG. 1 is that the 
layer 130 including the electromagnetic energy sensitive 
material is located on the opposite of the substrate 120 from 
the linking agent coating 140. 
[0065] FIG. 5 illustrates another construction in Which the 
article 210 includes a substrate 220 including heat-relaxable 
material and a linking agent coating 240. In betWeen these 
tWo layers are a layer 230 including particles 232 of elec 
tromagnetic energy sensitive material located in a matrix. 
The thermal energy induced in the layer 230 by the particles 
232 of electromagnetic energy sensitive material is prefer 
ably transmitted to the underlying substrate 220. 

[0066] FIG. 6 illustrates yet another embodiment of an 
article 310 designed to relax in response to exposure to 
electromagnetic energy. The article 310 includes a substrate 
320 of a heat-relaxable material and a linking agent coating 
340. The electromagnetic energy sensitive material in layer 
330 in this embodiment may preferably be a Curie point 
material (one example of Which is discussed in US. Pat. No. 
5,278,377). 
[0067] It is generally preferred that the Curie point mate 
rial possess a Curie temperature that is at least about as high 
as the relaxation temperature of the heat-relaxable material. 
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To prevent or reduce the chance of overheating the article 
310, it may be preferred that the Curie temperature be no 
greater than about 10° C. above the relaxation temperature, 
more preferably no greater than about 20° C. above the 
relaxation temperature. 

[0068] Depending on the properties of the heat-relaxable 
material, it may be preferred that the Curie temperature of 
the Curie point material be at least as high as the glass 
transition temperature (Tg) of the heat-relaxable material 
used in the substrate 320. It may further be preferred that the 
Curie temperature be at least about 10° C. above the Tg of 
the of the heat-relaxable material in the substrate 320. To 
prevent or reduce the chance of overheating the article 310, 
it may optionally be preferred that the Curie temperature be 
no greater than about 20° C. above the Tg of the heat 
relaxable material in the substrate 320. 

[0069] Alternatively, some heat-relaxable materials that 
may be used in substrates of the present invention may 
exhibit relaxation as the heat-relaxable material passes 
through its crystalline melt transition. For those materials, it 
may be preferred that the Curie temperature be at least as 
high as the crystalline melt temperature (Tm) of the heat 
relaxable material used in the substrate 320. To prevent or 
reduce the chance of overheating the article 310, it may 
optionally be preferred that the Curie temperature be no 
greater than about 10° C., more preferably no greater than 
about 20° C., above the Trn of the heat-relaxable material in 
the substrate 320. 

[0070] In another manner of characteriZing the Curie point 
materials used in connection With the present invention, it 
may be preferred that the Curie temperature of the materials 
be about 175° C. or less, alternatively about 165° C. or less, 
and, in yet another alternative, about 155° C. or less. 

[0071] Curie point materials react to the magnetic com 
ponent of microWave energy and convert the absorbed 
energy to thermal energy at a relatively high rate until the 
material reaches a particular temperature (the Curie point). 
Once the Curie point temperature is reached, the rate at 
Which the Curie point materials react to the magnetic 
component of the electromagnetic energy is reduced, Which 
limits the temperature to Which the materials are heated. 
Further control over the heating may be obtained by locating 
an electrically conductive ground plane in proximity to the 
Curie point material to eliminate heating of the Curie point 
material due to the electric ?eld component of the incident 
energy, and thereby enhancing heating of the magnetic ?eld 
component. 

[0072] Although layer 330 is illustrated as being a single, 
homogeneous layer, the Curie point material may be pro 
vided in particulate or another dispersed form Within a 
matrix. For example, the Curie point material may be held 
Within a polymeric matrix, With the matrix and the Curie 
point material together making up the layer 330. 

[0073] FIG. 7 illustrates a variation from the article 310 of 
FIG. 6. The article 410 of FIG. 7 includes a substrate 420 
and a linking agent coating 440. Also in the article 410 is a 
layer 430 including an electromagnetic energy sensitive 
material, preferably a Curie point material. The difference in 
the article 410 from the article 310 is that the linking agent 
coating 440 is separated from the layer 430 including the 
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electromagnetic energy sensitive material by the substrate 
420. This separation may help to further insulate or protect 
the linking agent coating 440 from the effects of excessive 
thermal energy from the layer 430. 

[0074] FIG. 8 illustrates yet another embodiment of the 
invention in Which an article 510 is provided that includes a 
substrate 520 and a linking agent coating 540. Particles 530 
of an electromagnetic energy sensitive material are located 
Within the substrate 520 Which effectively functions as a 
matrix for the particles 530. Electromagnetic energy 
absorbed by the particles 530 of electromagnetic energy 
sensitive material and converted to thermal energy can be 
conductively transmitted to the heat-relaxable material of 
the substrate 520 surrounding each of the particles 530. 

[0075] FIG. 9 illustrates another embodiment of an article 
610 including a substrate 620 and a linking agent coating 
640. The electromagnetic energy sensitive material in the 
article 610 is provided as particles 630 dispersed in the 
linking agent coating 640. 

[0076] FIG. 10 illustrates one embodiment of a system 80 
for using electromagnetic energy to relax a substrate includ 
ing heat-relaxable material While reducing or eliminating 
curling or other distortions during relaxation. The system 80 
is designed for use With articles that include electromagnetic 
energy sensitive material as described in any of the embodi 
ments described above in connection With FIGS. 1-9. In 
other Words, the system 80 is useful in the direct heating 
method using articles that include an electromagnetic energy 
sensitive material in their construction. 

[0077] The apparatus used in the system 80 includes a pair 
of opposing generally planar surfaces 50 and 60 that face 
each other and are spaced apart from each other, betWeen 
Which the article, such as a substrate or array, 10 is located. 
By locating the article 10 betWeen the surfaces 50 and 60, 
curling or other deformation of the article 10 caused by 
relaxation can be reduced or eliminated. It is preferred that 
spacing s betWeen the surfaces 50 and 60 be slightly larger 
than the thickness of the article 10 after relaxation to reduce 
the likelihood that the article 10 is constrained from relaxing 
due to frictional forces betWeen the article 10 and the surface 
50 and 60. In some aspects, it may be preferred that the 
spacing be about 4 millimeters or less, more prefer 
ably about 3 mm or less, and even more preferably about 2 
mm or less. It may also preferred that any components 
betWeen the source of electromagnetic energy 70, e.g., a 
microWave generator, and the article 10 be substantially 
transparent to the electromagnetic energy. 

[0078] To facilitate its use With articles including Curie 
point materials as the electromagnetic energy sensitive 
material, the system 80 may optionally include an electri 
cally conductive ground plane in proximity to at least one of 
the surfaces 50 and 60. In the illustrated embodiment, a 
ground plane 52 is located beneath surface 50. As discussed 
above, the ground plane may be useful to reduce or prevent 
heating of the articles by electric ?eld effects and to enhance 
heating by magnetic ?eld effects. 

[0079] FIG. 11 illustrates another system 180 that may be 
used in connection With the direct heating method, i.e., for 
heating articles that include an electromagnetic energy sen 
sitive material in their construction. In addition, the system 
180 itself includes an electromagnetic energy sensitive 
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material and, thus, may also be used in the indirect heating 
method, i.e., for heating arrays that do not include an 
electromagnetic energy sensitive material in their construc 
tion, e.g., arrays described in WO 99/53319 (HIGH DEN 
SITY, MINIATURIZED ARRAYS AND METHODS OF 
MANUFACTURING SAME, published Oct. 21, 1999). 

[0080] The system 180 may include an electromagnetic 
source 170 (e.g., a microWave generator) as Well as an 
apparatus having tWo opposing generally ?at surfaces 150 
and 160 that face each other and are spaced apart from each 
other, betWeen Which an article 710 (including for illustra 
tion purposes substrate 720 and linking agent coating 740) 
can be located. By placing the article 710 betWeen the 
surfaces 150 and 160, curling or other deformation of the 
article 710 caused by relaxing can be reduced or eliminated. 

[0081] It is preferred that the spacing betWeen the surfaces 
150 and 160 be slightly larger than the thickness of the 
article 710 after relaxation to reduce the likelihood that the 
article 710 is constrained from relaxing due to frictional 
forces betWeen the article 710 and the surfaces 150 and 160. 
In some aspects, it may be preferred that the spacing be 
about 4 millimeters or less, more preferably about 3 
mm or less, and even more preferably about 2 mm or less. 
That spacing betWeen surfaces 150 and 160 may be accom 
plished by any suitable mechanism such as, e.g., shims 152 
and 154 as illustrated in FIG. 11. It is preferred that the 
spacing betWeen the surfaces 150 and 160 be adjustable such 
that, after the article 710 is relaxed, the spacing betWeen 
surfaces 150 and 160 can be reduced to compress the article 
710 While it is still Warm, thereby potentially further improv 
ing its ?atness. That adjustable spacing may be accom 
plished by, e.g., removing the shims 152 and 154 from the 
apparatus such that the upper surface 160 lays on the article 
710. 

[0082] Because the article 710 may not itself include any 
electromagnetic energy sensitive material, or at least any 
electromagnetic energy sensitive material in suf?cient 
amounts to provide the thermal energy required to relax the 
substrate 720 of the article 710, the apparatus used to 
support the article 710 during relaxation preferably includes 
electromagnetic energy sensitive material. In the illustrated 
apparatus, the loWer surface 150 includes a layer 730 that 
preferably includes electromagnetic energy sensitive mate 
rial. The layer 730 may consist essentially of electromag 
netic energy sensitive material, or it may include electro 
magnetic energy sensitive material in, e.g., particulate form 
as described above in connection With some of the articles. 
Regardless of the actual form in Which the electromagnetic 
energy sensitive material is provided, hoWever, the layer 730 
preferably contains electromagnetic energy sensitive mate 
rial in suf?cient amounts to convert enough electromagnetic 
energy to thermal energy that can be used to relax the article 
710. 

[0083] Also illustrated in FIG. 11 is an optional electri 
cally conductive ground plane 736 located underneath the 
layer 730 including electromagnetic energy sensitive mate 
rial. If the electromagnetic energy sensitive material used in 
layer 730 is a Curie point material, the ground plane 736 can 
reduce or prevent heating via electric ?eld effects While 
enhancing the heating via magnetic ?eld effects. 

[0084] Furthermore, although the system 180 is discussed 
as being useful for articles that do not themselves contain 
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any electromagnetic energy sensitive material, it should be 
understood that articles that do include an electromagnetic 
energy sensitive material as discussed above With respect to, 
e.g., FIGS. 1-9, may be used in connection With the system 
180. 

[0085] FIG. 12 illustrates another apparatus useful in, e.g., 
the system 180 that includes tWo opposing generally planar 
surfaces 850 and 860, betWeen Which an article 810 (such as 
a substrate or array) can be located. By placing the article 
810 betWeen the surfaces 850 and 860, curling or other 
distortion of the article 810 occurring during relaxation can 
be reduced or eliminated. It is preferred that the spacing 
betWeen the surfaces 850 and 860 be slightly larger than the 
thickness of the article 810 after relaxation to reduce the 
likelihood that the article 810 is constrained from relaxing 
due to frictional forces betWeen the article 810 and the 
surfaces 850 and 860. 

[0086] To further reduce any frictional forces that may 
constrain relaxation of the article 810, the surface 850 and 
860 preferably include layers 852 and 862 of, respectively, 
a loW surface energy material, e.g., polytetra?uoroethylene 
(PTFE) or similar materials, that reduce sticking to the 
surfaces 850 and 860. Another difference betWeen the appa 
ratus of FIGS. 11 and 12 is that the apparatus of FIG. 12 
includes tWo layers 830a and 830b that each include elec 
tromagnetic energy sensitive material, With layer 830a 
located beloW the array 810 and layer 830b located above 
the article 810. 

Test Methods 

[0087] Optical Density 
[0088] The optical densities described herein Were deter 
mined using a Macbeth TD931 Densitometer Instrument 
(Macbeth Process Measurements, Division of Kollmorgen 
Corporation, NeW York, USA). This instrument has an 
orthochromatic ?lter and measures optical density (OD) 
readings from 0 to 4.0 (10.02). The instrument Was cali 
brated before use With a standard at 3.04 OD. 

[0089] Test Method X 

[0090] Asquare substrate of about 75 millimeters by 
about 75 mm Was placed inside the center of a microWave 
oven (Sharp MicroWave Oven, Model R-510 BK, 1100 Watts 
poWer) and the sample Was subjected to microWave radia 
tion at full poWer for the time indicated in Table 1. After that 
period, the heated substrate Was removed from the oven, 
placed on a smooth ?at surface, and ?attened by placing a 
glass microscope slide on the top surface of the ?lm until 
cooled. 

[0091] Test Method Y 

[0092] Asquare substrate of about 75 mm by about 75 mm 
Was placed in a device similar to that illustrated in FIG. 11. 
The upper surface Was formed by a ceramic block (McMas 
ter Carr Supply Company, Chicago, Ill., U.S.A., 150 mm 
square by 13 mm thick). The loWer surface Was formed by 
a pad of Curie point material as described beloW located in 
a depression formed in a second ceramic block, the depres 
sion having the same dimensions as the pad. The dimensions 
of the pad Were about 125 mm><90 mm, With a thickness of 
about 0.75 mm. A ground plane Was not included in the 
device. Shims Were used to space the upper surface about 3 
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mm from the loWer surface (such that the ?at sample 
substrate Was not in contact With the upper surface). The 
device, With the sample located therein, Was subjected to 
microWave radiation (using the same oven as in Method X 
at full poWer) for the time indicated in Table 1. 

[0093] After sample Was heated by microWave energy for 
the indicated period of time, the shims spacing the upper 
surface from the loWer surface Were removed such that the 
upper surface Was alloWed to make contact With the relaxed 
sample. The ?at, relaxed sample Was removed and the Curie 
point pad in the device Was alloWed to cool until it reached 
5013° C. At this point, the next sample Was placed on the 
pad and the above relaxation process Was repeated for all 
samples. 
[0094] The pad of Curie point material Was made in the 
folloWing manner: a mixture of 15.4 g of DoW Corning 
Sylgard 182 Silicone (14.0 g silicone elastomer plus 1.4 g 
crosslinker) and 23.9 ml of metal poWder (74.6g) Was 
prepared by hand mixing With a spatula. The metal poWder 
Was an amorphous alloy With the composition (atom %) of 
69% iron, 8% chromium, 15% phosphorus, 5% carbon and 
3% boron, With a particle siZe under 35 microns. The metal 
poWder had a Curie onset temperature of 151° C. The 
uncured silicone/metal mixture Was placed in a sandWich 
construction (top to bottom): precision surfaced aluminum 
plate (6 mm thick)/unprimed polyethylene terephthalate ?lm 
(0.05 mm)/silicone-metal surrounded by 0.75 mm thick 
spacers/unprimed polyethylene terephthalate ?lm (0.05 
mm)/precision surfaced aluminum plate (6 mm thick). This 
stack of layers Was pressed ?at for 10-15 minutes. The 
silicone material With the metal poWder contained therein 
Was then cured by placing the stack of layers in a 90° C. 
oven for 12 hours. 

EXAMPLES 

[0095] The folloWing examples merely serve to further 
illustrate features, advantages, and other details of the inven 
tion. It is to be expressly understood, hoWever, that While the 
examples serve these purposes, the particular ingredients 
and amounts used as Well as other conditions and details are 
not to be construed in a manner that Would unduly limit the 
scope of this invention. 

[0096] All of the examples involved sample substrates that 
Were formed from oriented polyethylene ?lm (Cryovac 
D955) from Sealed Air Corporation (Simpsonville, SC, 
USA.) 
[0097] The examples indicate that the oriented polyethyl 
ene ?lm itself exhibits no discernible relaxation in response 
to exposure to microWave energy, but that heating of an 
electromagnetic energy sensitive material that can conduct 
thermal energy to the heat-relaxable material in the sub 
strates can be effective in relaxing the substrates Without 
adversely affecting the hybridiZation properties of the 
arrays. 

TABLE 1 

Optical MethodX MethodX MethodY MethodY 
Example Density (seconds) Result (seconds) Result 

1 O 600 no relaxation 90 relaxation 
2 O 600 no relaxation 60 relaxation 
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TABLE l-continued 

Optical Method X Method X Method Y Method Y 
Example Density (seconds) Result (seconds) Result 

3 0 600 no relaxation 40 relaxation 
4 0.11 70 relaxation 40 relaxation 
5 0.10 70 relaxation 40 relaxation 
6 0.19 10 relaxation 10 relaxation 
7 0.15 10 relaxation 10 relaxation 
8 0.54 10 relaxation 5 relaxation 
9 0.26 15 relaxation 10 relaxation 

10 0.26 2 arcing 5 relaxation 
11 0.15 60 constrained 60 constrained 

relaxation relaxation 
12 0.33 10 relaxation 10 relaxation 
13 0.15 10 relaxation 10 relaxation 
14 0.13 15 relaxation 15 relaxation 
15 0.18 10 relaxation 10 relaxation 
16 0.13 15 relaxation 15 relaxation 

Example 1 

[0098] A 0.025 mm thick oriented polyethylene ?lm was 
coated with a 0.75% azlactone copolymer solution (70:30 
percent ratio of N,N-dimethylacrylide/vinyl dimethyl azlac 
tone copolymers) in IPA that was crosslinked with 10% EDA 
using a standard extrusion coating method. This coated 
substrate was further coated with a 0.3% solution of Linear 
PEI in IPA. There was no discernible relaxation after 10 
minutes of exposure to microwave radiation during Method 
X testing. Using Method Y, the sample substrate was 
relaxed, i.e., for purposes of these examples, all discernible 
relaxation had ceased, although some distortions in the 
shape of the relaxed substrates was observed. It is theorized 
that these distortions may have been caused by the array 
sticking to the Curie point material pad during extended 
processing times. These distortions may be less frequent in 
substrates that include a metal coating on the substrate. 

Example 2 

[0099] A 0.025 mm thick oriented polyethylene ?lm was 
printed with a pattern of circular spots according to the 
method described in Example 1 of WO 99/53319 (HIGH 
DENSITY, MINIATURIZED ARRAYS AND METHODS 
OF MANUFACTURING SAME, published Oct. 21, 1999). 

[0100] The sample substrate exhibited no visible relax 
ation after 10 minutes of exposure to microwave radiation 
during Method X testing. Using Method Y, the sample 
substrate was relaxed, although some distortions in the 
shape of the relaxed substrates was observed. It is theorized 
that these distortions may have been caused by the array 
sticking to the Curie point material pad during extended 
processing times. These distortions may be less frequent in 
substrates that include a metal coating on the substrate. 

Example 3 

[0101] A 0.015 mm thick oriented polyethylene ?lm was 
supplied with a pattern of spots as in Example 2. The sample 
substrate exhibited no visible relaxation after 10 minutes of 
exposure to microwave radiation during Method X testing. 
Using Method Y, the sample substrate was relaxed, although 
some distortions in the shape of the relaxed substrates was 
observed. It is theorized that these distortions may have been 
caused by the array sticking to the Curie point material pad 
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during extended processing times. These distortions may be 
less frequent in substrates that include a metal coating on the 
substrate. 

Examples 4 and 5 

[0102] A 0.025 mm thick oriented polyethylene ?lm was 
coated with a layer of titanium using standard sputtering 
methods with a web coater manufactured by Mill Lane 
Engineering (Lowell, Mass., USA). The sample substrates 
were heated by Method X and Method Y as indicated in 
Table 1 to relax the substrate until no further relaxation was 
observed. 

Examples 6-8 

[0103] A 0.025 mm thick oriented polyethylene ?lm was 
coated with a layer of titanium using standard sputtering 
methods with a web coater manufactured by Mill Lane 
Engineering (Lowell, Mass., USA). Sample substrates 
were heated by Method X and Method Y as indicated in 
Table 1 until no further relaxation was observed. 

[0104] After relaxation by Method Y, striations from 
excessive heating were observed in the relaxed sample 
substrate of Example 8. 

Example 9 

[0105] A 0.025 mm thick oriented polyethylene ?lm was 
plasma treated in an oxygen environment followed by 
coating with chromium (Cr) using a vapor deposition 
method in which the metal is vaporized by electron beam 
evaporation out of a graphite crucible insert made by Denton 
Vacuum (Moorestown, N.J., USA). The chromium coated 
sample substrates were tested using both Methods X and Y 
and full relaxation occurred in both tests. 

Example 10 

[0106] A 0.025 mm thick oriented polyethylene ?lm was 
plasma treated in an oxygen environment followed by 
coating with gold (Au) using a vapor deposition method in 
which the metal is vaporized by electron beam evaporation 
out of a graphite crucible insert made by Denton Vacuum 
(Moorestown, N.J., USA). The microwave energy was 
discontinued after 2 seconds during Method X testing due to 
visible arcing of the sample substrate. After relaxation by 
Method Y, striations from excessive heating were observed 
in the relaxed sample substrate. It is believed that arcing 
could be prevented or reduced by providing a thinner 
coating of Au. 

Example 11 

[0107] A 0.025 mm thick oriented polyethylene ?lm was 
plasma treated in an oxygen environment followed by 
coating with tin (Sn) using a vapor deposition method in 
which the metal is vaporized by electron beam evaporation 
out of a graphite crucible insert made by Denton Vacuum 
(Moorestown, N.J., USA). It appears that both samples 
were constrained from further relaxation due to the physical 
nature of the Sn coating. 

Example 12 

[0108] A 0.025 mm thick oriented polyethylene ?lm was 
coated with a layer of titanium, followed by coating of the 
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titanium layer With a 0.75% aZlactone copolymer solution 
(70:30 percent ratio of N,N-dimethylacrylide/vinyl dimethyl 
aZlactone copolymers) in isopropyl alcohol (IPA) (2-Pro 
panol, Aldrich, Milwaukee, Wis., USA.) that Was 
crosslinked With 10% ethylenediamine (EDA, Aldrich) 
using a standard extrusion coating method. This coated 
substrate Was further coated With a 0.03% solution of 
polyethyleneimine (Linear PEI, Aldrich) in IPA. The sample 
Was then relaxed by both Methods X and Y. 

Example 13 

[0109] A 0.025 mm thick oriented polyethylene ?lm Was 
coated With a layer of titanium, folloWed by coating of the 
titanium layer With a 0.75% aZlactone copolymer solution 
(70:30 percent ratio of N,N-dimethylacrylide/vinyl dimethyl 
aZlactone copolymers) in IPA that Was crosslinked With 10% 
EDA using a standard extrusion coating method. This coated 
substrate Was further coated With a 0.3% solution of Linear 
PEI in IPA. The sample Was then relaxed by both Methods 
X and Y. 

Example 14 

[0110] A 0.015 mm thick oriented polyethylene ?lm Was 
coated With a layer of titanium, folloWed by coating of the 
titanium layer With a 0.75% aZlactone copolymer solution 
(70:30 percent ratio of N,N-dimethylacrylide/vinyl dimethyl 
aZlactone copolymers) in IPA that Was crosslinked With 10% 
EDA using a standard extrusion coating method. This coated 
substrate Was further coated With a 0.3% solution of Linear 
PEI in IPA. The sample Was then relaxed by both Methods 
X and Y. 

Examples 15 and 16 

[0111] A 0.015 mm thick oriented polyethylene ?lm Was 
coated With titanium by standard sputtering methods using a 
Web coater manufactured by Mill Lane Engineering (LoW 
ell, Mass., USA). Sample substrates Were heated by 
Method X and Method Y as indicated in Table 1 until no 
further relaxation Was observed. 

Example 17 

[0112] This example serves to demonstrate that DNA can 
be adsorbed onto the coated substrate and subjected to 
microWave energy Without adversely affecting hybridiZation 
of the DNA to a complementary sequence. 

[0113] Arrays on oriented polyethylene ?lm substrates 
prepared according to Example 12 Were tested according to 
the folloWing protocol. Arrays on standard non-shrinking 
positively charged nylon substrates 40 mm><80 mm, 0.165 
mm thick (Schleicher and Schuell, BR0812, BioRobotics 
Inc., Woburn, Mass., USA.) Were also prepared as controls. 

[0114] Samples of Pasteurella Multocida DNA (Gen Bank 
Accession No. E05329) Were prepared With sterile DNase 
and RNase free Water (Catalog No. 10977-015, Life Tech 
nologies, Baltimore, Mass., USA.) using the folloWing 
primer sets: forWard primer, AGAGTTTGATCATGGCT 
CAG (SEQ ID NO: 1), [Bases 09-28] and reverse primer, 
AGCAGCCGCGGTAATACG (SEQ ID NO: 2), [Bases 
523-540]. The samples had the folloWing compositions: 
Undiluted—25 nanograms per microliter (ng/pl); 1:10-2.5 
ng/ul; 1:50-0.5 ng/pl; 1:100-0.25 ng/ul; and 1:1000-0.025 
ng/ul. 
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[0115] Six microliters (ul) of denatured alcohol and 9 pl of 
a solution including 5>< sodium chloride sodium citrate 
(SSC) (Catalog No. 15557-044, Life Technologies, Balti 
more, Mass., USA.) and 0.2% sodium dodecyl sulfate 
solution (SDS) (Catalog No. 15553-035 Life Technologies, 
Baltimore, Mass., USA.) Were added to each dilute DNA 
sample and a negative control sample. 

[0116] The diluted DNA samples prepared as described 
above Were heated for 10 minutes at 100° C. and immedi 
ately placed on ice. After spinning, 2 pl of each diluted DNA 
sample Was spotted onto each of the oriented polyethylene 
substrates and the nylon controls in a knoWn pattern. The 
nylon control substrates Were rinsed with 2x ssc prior to 
spotting. All of the spotted arrays Were alloWed to air dry. 

[0117] A ?rst set of three spotted oriented polyethylene 
?lm substrates Were then heated according to Method Y 
described above. Substrate one Was heated for seven sec 

onds. Substrate tWo Was heated for ten seconds. Substrate 
three Was heated for tWelve seconds. After stopping the 
microWave oven after heating each substrate, the shims Were 
removed from the apparatus and then the entire device Was 
removed from the oven. The top plate of the device Was 
removed and the substrate Was alloWed to cool for about 30 
seconds before removing it from the pad of Curie point 
material. Before each heating cycle, the entire device Was 
cooled to 50:3° C. 

[0118] A second set of three oriented polyethylene ?lm 
substrates Were spotted and then heated according to Method 
Y as described above for ten seconds, thirteen seconds, and 
?fteen seconds, respectively. Before each heating cycle, the 
device Was cooled to 2513° C. 

[0119] The cooled, relaxed ?lms and the nylon substrates 
Were then Wrapped in SARAN WRAPTM and placed on a 
transilluminator (Eagle-Eye II, Stratagene, San Diego, 
Calif., USA.) for 5 minutes. 

[0120] After the arrays Were completed, they Were tested 
to determine Whether exposure to the microWave energy 
and/or heat during relaxation affected the ability of the 
arrays on the ?lm substrates to hybridiZe as compared to the 
arrays on the nylon substrates. As part of that process, a 33P 
labeled primer kit (Catalog No. 300385, Stratagene, Cedar 
Creek, Tex., USA.) Was used to label a complementary 
sequence to the spotted DNA. The complementary sequence 
Was removed from a —80° C. freeZer, thaWed on ice and 
denatured at 100° C. for 10 minutes, after Which it Was 
placed on ice. 

[0121] One nylon substrate array Was placed in a 50 
milliliter (ml) Falcon tube and tWo oriented polyethylene 
substrate arrays Were placed in a 50 ml Falcon tube. A 
Stratagene QuikHyb Buffer (Catalog No. 201220, Strat 
agene, Cedar Creek, Tex., USA.) Was gently inverted to 
mix the buffer and 5 ml of the buffer Was added to each 
Falcon tube. The Falcon tubes Were then placed into glass 
hybridiZation tubes Which, in turn, Were placed in a hybrid 
iZation oven and mixed for 30 minutes at 68° C. After the 
initial 30 minute period, 100 pl of the labeled complemen 
tary DNA Was added to each Falcon tube and the tubes Were 
returned to the hybridiZation oven for an additional 3 hours 
68° C. 

[0122] After removing the Falcon tubes from the oven, 
they Were decanted and the arrays Were placed in covered 
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Washing dishes. AWashing solution of 200 ml of 6x SSC and 
0.1% SDS Was added to each Washing dish. The cover Was 
replaced on each of the Washing dishes, Which Were placed 
on a shaker (LaPine Shaker, Fisher Scienti?c, Wood Dale, 
Ill. USA.) and agitated at medium speed and mixed for 10 
minutes. The original Wash solutions Were then decanted 
from the Washing dishes and an additional 200 ml of the 
Washing solution Was added to each of the Washing dishes 
and agitated on the shaker at medium speed and mixed for 
an additional 10 minutes, folloWed by decanting of the Wash 
solutions. 

[0123] Each of the Washed arrays Were sealed in heat 
sealed bags and then placed onto a Phosphorlmager cassette. 
The cassette Was closed and the radioactive signals from the 
arrays Were alloWed to transfer overnight. The results Were 
then analyZed using the Molecular Dynamics Phosphorim 
ager (Molecular Dynamics Phosphorimager, Model SF, 
Sunnyvale, Calif., USA.) and ImageQuant softWare. 

[0124] No appreciable difference Was observed in the 
signal intensity of the arrays on the nylon substrates versus 
the arrays formed on the oriented polyethylene ?lm sub 
strates. As desired, detectable signals Were obtained (under 
the exposure conditions) from the ?rst four dilutions used in 
preparation of the arrays. Had signi?cant degradation of the 
DNA occurred during the microWave heating of the oriented 
polyethylene ?lm substrates, these loWer dilutions Would not 
be expected to be observed. The results indicated that 
microWave heating had no appreciable effect on hybridiZa 
tion of the arrays. 

[0125] The preceding speci?c embodiments are illustra 
tive of the practice of the invention. This invention may be 
suitably practiced in the absence of any element or item not 
speci?cally described in this document. The complete dis 
closures of all patents, patent applications, publications, and 
amino acid and nucleotide sequence databank deposits (as 
referenced herein by their accession number) cited herein 
are incorporated into this document by reference as if 
individually incorporated in total. 

[0126] Various modi?cations and alterations of this inven 
tion Will become apparent to those skilled in the art Without 
departing from the scope of this invention, and it should be 
understood that this invention is not to be unduly limited to 
illustrative embodiments set forth herein, but is to be con 
trolled by the limitations set forth in the claims and any 
equivalents to those limitations. 

What is claimed is: 
1. A method of relaxing an array, comprising: 

providing an array comprising a heat-relaxable substrate 
and reactants affixed thereto; 

providing electromagnetic energy sensitive material in 
thermal communication With the substrate; 

directing electromagnetic energy toWards the electromag 
netic energy sensitive material, Wherein the electro 
magnetic energy is converted into thermal energy and 
conducted to the heat-relaxable material, thereby caus 
ing the heat-relaxable material in the substrate to relax. 

2. The method of claim 1, Wherein the array further 
comprises linking agents. 

3. The method of claim 2, Wherein the linking agents are 
included in a linking agent coating on the substrate. 
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4. The method of claim 2, Wherein the linking agents 
comprise an aZlactone moiety. 

5. The method of claim 2, Wherein the reactants are 
af?xed to the linking agents at the plurality of binding sites. 

6. The method of claim 1, Wherein the reactants are 
selected from the group consisting of nucleic acids, proteins, 
and carbohydrates. 

7. The method of claim 1, Wherein the reactants comprise 
oligonucleotides. 

8. The method of claim 1, Wherein the reactants comprise 
cDNA. 

9. The method of claim 1, Wherein the electromagnetic 
energy sensitive material comprises a Curie point material. 

10. The method of claim 9, Wherein the heat-relaxable 
material of the substrate has a relaxation temperature, and 
further Wherein the Curie point material has a Curie tem 
perature of at least about the relaxation temperature. 

11. The method of claim 9, further comprising providing 
an electrically conductive ground plane in proximity With 
the Curie point material. 

12. The method of claim 1, further comprising contacting 
the heat-relaxable material With the electromagnetic energy 
sensitive material. 

13. The method of claim 12, further comprising removing 
the array from contact With the electromagnetic energy 
sensitive material after directing electromagnetic energy 
toWards the electromagnetic energy sensitive material. 

14. The method of claim 1, Wherein the electromagnetic 
energy sensitive material is on the substrate. 

15. The method of claim 14, Wherein the electromagnetic 
energy sensitive material comprises a layer comprising one 
or more metals, one or more metallic compounds, or com 

binations of one or more metals and one or more metallic 

compounds. 
16. The method of claim 14, Wherein the substrate com 

prises ?rst and second major surfaces, and further Wherein 
the electromagnetic energy sensitive material contacts sub 
stantially all of at least one of the ?rst and second major 
surfaces. 

17. The method of claim 1, Wherein the substrate com 
prises a coating including particulates of the electromagnetic 
energy sensitive material. 

18. The method of claim 17, Wherein the coating further 
comprises linking agents. 

19. The method of claim 1, Wherein the energy-sensitive 
material is provided in particulate form, and further Wherein 
the electromagnetic energy-sensitive material particulates 
are located Within the heat-relaxable material of the sub 
strate. 

20. A heat-relaxable array comprising: 

a substrate comprising heat-relaxable material; 

reactants affixed to the substrate; and 

electromagnetic energy sensitive material comprising 
Curie point material in thermal communication With the 
heat-relaxable material. 

21. The array of claim 20, Wherein the electromagnetic 
energy sensitive material is in contact With the substrate. 

22. The array of claim 20, Wherein the electromagnetic 
energy sensitive material is on the substrate. 

23. The array of claim 22, Wherein the substrate comprises 
?rst and second major surfaces, and further Wherein the 
electromagnetic energy sensitive material contacts substan 
tially all of at least one of the ?rst and second major surfaces. 
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24. The array of claim 20, further comprising a coating of 
linking agents on the substrate. 

25. The array of claim 24, Wherein the Curie point 
material is located Within the linking agent coating. 

26. The array of claim 20, Wherein the electromagnetic 
energy sensitive material is provided in particulate form, and 
further Wherein electromagnetic energy sensitive material is 
located Within the heat-relaXable material of the substrate. 

27. An apparatus for relaxing a heat-relaXable substrate, 
the apparatus comprising: 

a ?rst surface; 

a second surface opposed to and spaced from the ?rst 
surface; and 

electromagnetic energy sensitive material in thermal com 
munication With the ?rst surface, Whereby heating of 
the electromagnetic energy sensitive material by elec 
tromagnetic energy increases the temperature of the 
?rst surface. 

28. The apparatus of claim 27, Wherein the ?rst surface 
comprises the electromagnetic energy sensitive material. 

29. The apparatus of claim 27, Wherein the electromag 
netic energy sensitive material is provided in particulate 
form, and further Wherein the ?rst surface comprises par 
ticles of the electromagnetic energy sensitive material. 

30. The apparatus of claim 27, Wherein the ?rst and 
second surfaces comprise the electromagnetic energy sen 
sitive material. 

31. The apparatus of claim 30, Wherein the electromag 
netic energy sensitive material is provided in particulate 
form, and further Wherein the second surface comprises 
particles of the electromagnetic energy sensitive material. 

32. The apparatus of claim 27, Wherein the electromag 
netic energy sensitive material comprises Curie point mate 
rial. 

33. The apparatus of claim 32, further comprising an 
electrically conductive ground plane proximate the electro 
magnetic energy sensitive material. 

34. The apparatus of claim 27, further comprising a 
spacing mechanism spacing the ?rst surface from the second 
surface. 
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35. The apparatus of claim 34, Wherein the spacing 
mechanism comprises an adjustable spacing mechanism, 
Wherein spacing betWeen the ?rst and second surfaces can 
be adjusted. 

36. The apparatus of claim 34, Wherein the spacing 
mechanism comprises at least one shim. 

37. The apparatus of claim 27, Wherein the ?rst and 
second surfaces comprise a loW surface energy material. 

38. An article for use in manufacturing an array, the article 
comprising: 

a substrate comprising heat-relaXable material; and 

electromagnetic energy sensitive material comprising 
Curie point material in thermal communication With the 
heat-relaXable material. 

39. The article of claim 38 further comprising linking 
agents. 

40. The article of claim 39 further comprising reactants 
af?Xed to said substrate. 

41. The article of claim 38, Wherein the electromagnetic 
energy sensitive material is in contact With the substrate. 

42. The article of claim 38, Wherein the electromagnetic 
energy sensitive material is on the substrate. 

43. The article of claim 38, Wherein the substrate com 
prises ?rst and second major surfaces, and further Wherein 
the electromagnetic energy sensitive material contacts sub 
stantially all of at least one of the ?rst and second major 
surfaces. 

44. The article of claim 39 Wherein said linking agents are 
coated on said substrate. 

45. The article of claim 44, Wherein the Curie point 
material is located Within the linking agent coating. 

46. The article of claim 38, Wherein the electromagnetic 
energy sensitive material is provided in particulate form, and 
further Wherein electromagnetic energy sensitive material is 
located Within the heat-relaXable material of the substrate. 


