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57 ABSTRACT

Methods and compositions described here minimize loss due
to evaporation during the process of preparing gel-element
microarrays; maintain uniform gel density; minimize irregu-
lar spontaneous polymerization; and provide conditions to
obtain reproducible and consistent gel-array elements. The
materials and methods described herein present techniques
for restoring the original composition of the droplets dis-
pensed on the microarray substrates prior to and during the
step of ultraviolet light polymerization.
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METHOD TO IMPROVE QUALITY OF
MICROARRAYS BY CONTROLLING
EVAPORATION

BACKGROUND

[0001] This application claims priority from copending
U.S. Ser. No. 60/710,416 filed Aug. 23, 2005. This invention
was partially conceived under Contract No. W-31-109-ENG-
38 between the United States Department of Energy and the
University of Chicago representing Argonne National Labo-
ratory.

[0002] A method to improve quality of microarrays is to
maintain atmospheric equilibrium of the environment during
microarray preparation, which means there is no net evapo-
ration.

[0003] To form microarrays, which on substrates are
referred to as microchips, biochips and the like, compositions
of' molecules such as nucleic acids and proteins are immobi-
lized in carriers, for example, in polymers such as gels. Vari-
ous methods are available to transfer or affix the compositions
of molecules and carriers to substrates. Suitable substrates
include glass slides, plastic slides or films, and beads.
[0004] In gel-based microarray fabrication (microchips,
biochips), gel is synthesized in various ways, including by a
spatially selective (mask-guided) ultraviolet (UV) polymer-
ization in a thin continuous layer (Mirzabekov etal., U.S. Pat.
No. 6,465,174) and by contact printing of a liquid polymer-
ization composition with a robotic arrayer and subsequent
UV polymerization.

[0005] U.S. Pat. Pub. No. US20040053298 (Mirzabekov et
al.) describes methods and compositions to manufacture gel-
based arrays by immobilization of molecules in polymer car-
riers including oligonucleotides, proteins, nucleic acids, and
any other molecules whose structure includes active groups
such as amino and sulthydryl groups. The arrays may be
produced by contact printing with a robotic arrayer which has
flexibility, but has problems. For example, maintaining the
correct composition of the polymerization mixture, which
may change with time due to evaporation of water and other
relatively volatile components, is an issue. Before polymer-
ization, droplets of a suitable composition of molecules are
held in a container, e.g. a source plate. Contact printing of
gel-based microarrays involves droplets with volumes of, for
example, 1 nl, formed on microarray substrates. Because of
the small volume, the droplets are generally depleted of acry-
lamide (monomer) due to evaporation, in less than one hour.
Such changes may lead to irreproducibility of the gel com-
positions. There are effects of evaporation both on samples in
the wells of a source microplate (possible spontaneous poly-
merization) and in the droplets (loss of acrylamide) obtained
from the source. When acrylamide is lost, the droplets lose
their ability to polymerize. On the other hand, the concentra-
tion of acrylamide in the wells of the source plate may sub-
stantially increase over the period of printing because of
evaporation of water that is the most volatile component of
the polymerization solution. This change in the acrylamide
concentration may lead to spontaneous polymerization of the
solutions in the wells after just a few print runs.

[0006] Under ideal conditions, right after dispensing on a
substrate, the droplets form an array and are expected to rest
in their positions until polymerization. The polymerization
results not only in formation of gel, but also in formation of
chemical bonds between the gel and the substrate. So, after
the polymerization, the droplets lose their mobility. Humidity
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control systems built into some commercial arrayers destabi-
lize local humidity above the substrates, e.g. above slide
holders. Despite the humidity control, oscillating humidity
leads to migration of the droplets from their intended posi-
tions and non-uniform droplet composition.

[0007] In the context of making gel-element microarrays,
evaporation is an issue relevant to a contact-printing technol-
ogy as opposed to the technology of mask-guided photopo-
lymerization in a continuous layer. However, in the context of
making biochips, which includes fabrication of gel-element
arrays as one of the steps, evaporation is an issue with both
above-mentioned technologies because the latter one uses
contact printing as a method of dispensing biomolecular
probes on pre-fabricated gel-element arrays, and contact
printing implies using a source microplate (it contains the
solutions to be dispensed) exposed to ambient air.

SUMMARY

[0008] Two issues arise in preparation of microarrays, in
particular by use of commercial arrayers-evaporation in the
source plate and evaporation from droplets after printing.
Small (of the order of 1 nl) droplets containing components
for the microarray, are dispensed from a source plate on
substrates such as glass slides (“printing”). The plurality of
substrates, e.g. glass slides, are then stored until a batch is
ready for polymerization, e.g. by ultraviolet light (UV). Lack
of humidity control in the source plate as well as during
dispensing of the drops (“printing”) and storage of the arrays
on substrates is undesirable because oscillation of humidity
causes non-uniform, non-reproducible, array (microchip)
quality.

[0009] Methods and compositions are disclosed herein to
generate an environment during production, storing and poly-
merization of the microarrays that is in equilibrium with
regard to vapor pressure, that is, vapor pressure in the gaseous
environment of the production system. All environments are
controlled because the polymerization mixture of the drop-
lets, minus glycerol, is used to saturate the solution in the
source plate and the chamber (cassette) used for storing cas-
settes after printing prior to and during polymerization. The
vapor pressure of water in the gas is maintained the same as in
the droplets (Rault’s Law). O, is also excluded. To produce
the vapor, air flows over the solutions from the polymeriza-
tion mixture.

[0010] A method to control evaporation when preparing
gel-based microarrays using a polymerization mixture
includes the steps of:

[0011] (a) including the components in the polymeriza-
tion mixture whose equilibrium vapor pressure is similar
or lower than glycerol, that is excluding components
from the mixture that have an equilibrium vapor pres-
sure higher than that of glycerol; and

[0012] (b) placing gel droplets in a container in which
polymerization by ultraviolet light occurs. The container
has a chemically neutral gas replacing oxygen and the
neutral gas vapor transports acrylamide from the mix-
ture to the droplets and maintains equilibrium. An incu-
bation step in the microarray fabrication protocol is
combined with the polymerization step.

[0013] One or more substrates including supported drop-
lets, before and during polymerization, are placed into the
sealed container under oxygen free inert atmosphere with
controlled humidity. The container is filled with one of the
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following gases: N,, Ar, CO,, and gaseous media are continu-
ously or periodically restored in the container of the sub-
strates.

[0014] A method of improving fabrication of a polymer-
based microarray includes the steps of:

[0015] (a) including in a polymerization mixture (solu-
tion) components that have equilibrium vapor pressure
similar or lower than glycerol, that is excluding from a
polymerization solution all components that have equi-
librium and vapor pressure higher than that of glycerol,
but keeping water;

[0016] (b) following a sample dispensing step onto sub-
strates (“gel drop”), restoring a predetermined compo-
sition of the polymerization mixture by exposing the
substrates to a predetermined atmosphere in an air-tight
cassette, wherein the atmosphere contains acrylamide;

[0017] (c) maintaining the atmosphere of (b) throughout
polymerization by ultraviolet light; and

[0018] (d) rehydrating the source plate by restoring
water concentration in the polymerization mixture by
exposing the source plate to a predetermined humidity.

[0019] Optionally, in a “gel drop” method, there is no acry-
lamide used. (See Materials and Methods). However, if acry-
lamide is used in the vapor phase, microarrays of uniform and
improved quality result. The atmosphere equilibrates with the
gel drops and the method is reproducible. In this optimum
environment gel does not swell, shrink or lose its constitution.
Acrylamide is forced into the droplets, polymerizes and
reaches equilibrium. This method is referred to as “restora-
tion techniques.”

[0020] The optimum “right” atmosphere is atmosphere that
is in equilibrium (in terms of vapor pressures) with the poly-
merization mixture in the bath that serves as a source of
volatile chemicals such as acrylamide in the apparatus for
incubation/polymerization (FIG. 1). The composition of the
mixture in the bath determines (according to Raoult’s Law)
the vapor pressure of acrylamide and other chemicals inside
the container; in its turn, the vapor pressure of acrylamide
determines the concentration of acrylamide in the droplets. In
other words, the flow of carrier gas provides a means for
transport of acrylamide from the mixture in the bath to the
droplets. The transport stops as soon as equilibrium in the
entire system is reached.

[0021] Biochips are prepared by the methods disclosed.
[0022] The methods, apparatuses, and compositions dis-
closed herein are useful for improved manufacturing of poly-
mer-element microarrays by co-polymerization or any other
suitable technique. In comparison to other processes used for
manufacturing of polymer-element (gel) microarrays, the
methods, apparatuses, and compositions disclosed herein
offer high reproducibility of microarrays; substantially relax
restrictions on duration of a printing run, which is essential
for scaling up the production capacity and manufacturing of
complex microarrays containing hundreds and thousands of
biomolecular probes. In addition to microarray fabrication,
the methods, apparatuses, and compositions disclosed herein
are useful for fabrication of arrays of microlenses for opto-
electronic’s and adaptive optics, e.g., tunable lenses.

Definitions as Used in This Disclosure are:

[0023] Array, Microarray: refers to molecules generally
connected to a matrix or support (substrate) in a specific
arrangement relative to each other, also known as DNA
microarray, DNA array or peptide array.
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[0024] Arrayer: is a robotic system used in microarray
manufacturing for dispensing solutions of biomolecular
probes (oligonucleotides, proteins and the like) onto microar-
ray substrates.

[0025] Biochip: is a set of (array of) biological molecules
(called probes) attached in an appropriate order to a substrate/
support or matrix. Also known as a chip, DNA chip or peptide
chip; includes array of biological molecules such as DNA
fragments, peptides, proteins, lipids, and tissues connected to
a substrate.

[0026] Biological microarray, biochip, chip: arrangement
typically on a glass, plastic, filter, or silicon wafer, of DNA
fragments, peptides, proteins, lipids or other biological com-
pounds deposited or synthesized in a predetermined spatial
order.

[0027] Cassette: is an airtight enclosure specifically
designed for processing multiple microarray substrates at the
steps of incubation and polymerization. The enclosure is pro-
vided with UV-transparent window(s) for illuminating the
substrates and appropriate fittings that allow one to control
atmosphere inside the enclosure.

[0028] Gel-element: microarray composition for immobi-
lization of molecules in polymer carriers, wherein the poly-
mer layer may be a three dimensional gel.

[0029] Gel-element microarrays: may be used as substrates
for biochips. A gel-element microarray becomes a biochip
when oligonucleotide (or protein) probes are immobilized in
the elements of the array. A method of manufacturing gel-
element microarrays refers to manufacturing of biochips as
an application of the method.

[0030] Polymerization mixture: (synonymous with “poly-
merization composition”) is a liquid mixture (generally a
solution) of all the reagents required for formation, under
certain conditions, of a cross-linked polymeric matrix (gel).
In particular, “certain conditions” may mean irradiation with
ultraviolet light. An example of “cross-linked polymeric
matrix” is polyacrylamide gel. The polymerization mixture
may include additives that modify the properties of gel that
can be obtained by polymerizing the mixture. It is generally
assumed that such additives neither interfere with polymer-
ization or promote it. With regard to biological microarrays
(biochips), examples of such additives are oligonucleotides
and proteins.

[0031] Sample: refers to a polymerization mixture that
includes a specific additive (such as oligonucleotide or pro-
tein) which differentiates this particular mixture from other
“samples” that are generally assumed to comprise additives
different from the one in question. For instance, a microplate
prepared for printing microarrays is a “source microplate
loaded with the samples”. Solutions in the microplate wells
may differ from one another although all of them are capable
of polymerizing under certain conditions.

[0032] A source microplate: is e.g., a plastic microtiter
plate (the types most common in microarray have wells of 50
microliters each) loaded with solutions (samples) to be dis-
pensed on microarray substrates such as glass slides.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1 is a schematic of preparing a microarray.

[0034] FIG. 2 Gel Pads—No Restoration. The upper two
rows are printed with a 150-micron pin. The gel element
diameter is about 100 microns. Printing was from right to left.
The smaller the droplet, the faster it is depleted of acrylamide.
For this reason the droplets printed first (at the right) failed to
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polymerize, and the intensity of fluorescence decreases from
left to right. Evaporation of acrylamide results in less dense
gel, which means lower probability of oligonucleotide immo-
bilization and lower fluorescence intensity. The lower row of
gel pads was printed with a 300-micron pin. The gel element
diameter here is about 250 microns. The ratio of surface to
volume is inversely proportional to the droplet diameter.
Therefore, the larger the droplet the slower the process of
acrylamide depletion. It is evident that the 300 microns drop-
lets have higher temporal stability.

[0035] FIG. 3 Gel Pad Array After Restoration. This array
of'gel pads (containing a labeled oligonucleotide) was printed
with a 150-micron pin and polymerized after 1-hour restora-
tion. Because the substrate (slide) in this case was more
hydrophobic, the droplets diameter was between 80 and 90
microns. Yet, the array is more uniform then in FIG. 1 top 2
rows. The relative standard deviation of the fluorescence
intensity is about 6%. Recording was done using a ScanArray
3000 microarray scanner (Packard Bioscience).

DETAILED DESCRIPTION

[0036] A system to produce a microarray includes having a
polymerization mixture in a source plate from which samples
are dispensed (“printed”) onto substrates, for example by a
robotic arrayer. The arrayer is in an enclosure. After printing,
the substrates with the “gel drops” are incubated and poly-
merized in a cassette.

[0037] Methods and compositions described herein prevent
evaporation throughout the system by controlling the envi-
ronment thereby producing improved microarrays.

[0038] Improved methods, apparatus, and compositions for
fabricating polymeric elements at pre-determined locations
on a solid substrate used in synthesizing biological microar-
rays are described. Glass or plastic slides are examples of
suitable substrates. The methods and compositions of the
present disclosure provide more homogeneous (referring to
porosity) gel-elements. Polymer-based microarrays (gels)
also involve fabrication of three dimensional (3D) polymeric
layers at pre-determined locations on a solid substrate.
[0039] Stratification of the gaseous medium in the con-
tainer used for restoration of chemical composition of the
droplets occurs under general operating conditions, because
acrylamide vapor is more dense than air, and air is more dense
than water vapor. Placing the arrays of droplets in a sealed
container, where the only environmental parameters under
control are the concentrations of oxygen and water vapor, also
substantially depletes the droplets of acrylamide unless cer-
tain additional conditions are met.

[0040] Methods and compositions disclosed herein provide
conditions for reliable and reproducible polymerization of
droplets by controlling the concentrations of some or all of the
essential chemicals throughout the manufacturing procedure
of microarrays. Migration of droplets after dispensing them
on microarray substrates is prevented or minimized regard-
less of the dispensing technique (e.g. contact or non-contact
printing) and substrate material or surface coating used in the
fabrication process. The lifetime of the source plates is
extended considerably by reducing the spontaneous non-uni-
form polymerization in the wells.

[0041] For array printing, components that are consider-
ably (>50%) more volatile than glycerol are removed from
printing solutions, except water. Relative humidity inside the
arrayer enclosure is maintained at a steady level, about close
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to, but generally not exceeding the equilibrium pressure of
water vapor over the solution in the source plate.

[0042] As soon as substrates with droplets from the atmo-
sphere saturated with acrylamide vapor are removed, the pro-
cess of acrylamide depletion starts all over again. This doesn’t
necessarily mean that such droplets will inevitably fail to
polymerize, but the final properties (such as porosity) of the
gel elements may vary from batch to batch depending on how
long the substrates were exposed to ambient air before the
polymerization, and what was the intensity of inert gas flow
during the polymerization. This uncertainty can be eliminated
by running polymerization in the same cassette and atmo-
sphere (of saturated acrylamide vapors) as those used at the
step of incubation preceding the polymerization.

[0043] Forarray incubation, following the printing step, the
required compositions of the polymerization mixture are
restored by exposing the arrays to an optimal atmosphere in
an air-tight container. The optimal “right” atmosphere is
atmosphere that is in equilibrium (in terms of vapor pres-
sures) with the polymerization mixture in the bath that serves
as a source of volatile chemicals such as acrylamide in the
apparatus for incubation/polymerization.

[0044] For array polymerization, the optimal atmosphere
throughout the polymerization step is maintained. For plate or
microarray re-hydration, water concentration in the samples
is restored by exposing the source plate(s) to an optimal
humidity, as disclosed herein.

[0045] Compositions of mixtures used for printing may not
include components that are required for synthesis of a poly-
mer layer (e.g. polyacrylamide gel), but are too volatile under
conditions of printing. Chemical composition of droplets as
required for polymerization is then reconstituted at an incu-
bation step that follows printing.

[0046] Methods to facilitate vapor-phase transport of
chemicals during incubation and to provide stratification-free
atmosphere include recirculation of gas in the system using a
pump of chemically inert design. (FIG. 1)

[0047] Methodsto minimize loss of monomers include per-
forming the UV polymerization in the same gaseous environ-
ment as the one used at the incubation step. The disclosed
methods provide procedures and recommendations that
eliminate migration of droplets throughout the fabrication
process. Eliminated migration results in improved geometri-
cal stability. Migration-safe humidity levels are those not
exceeding the equilibrium humidity for the given concentra-
tion of water in the polymerization mixture (or samples). The
equilibrium humidity can be roughly estimated using
Raoult’s Law, or found in the literature (see, for example, Eric
et al. 1999), or determined experimentally. For example, for
the mixture of 65% w aqueous solution of glycerol the upper
limit of the migration-safe humidity range is about 52%.
Additional steps of source plate re-hydration are introduced
to stabilize rheology of the samples.

[0048] Steps described herein to modify microarray manu-
facturing methods and apparatus to control evaporation
include: excluding from the composition of the polymeriza-
tion mixture some components that have equilibrium vapor
pressure considerably (e.g., >50%) exceeding that of glycerol
(one of the most abundant components of an embodiment of
a gel formulation) i.e., is more volatile. For example, for
fabrication of arrays composed of polyacrylamide gel, as in
U.S. Patent No. 2004/0053298, the polymerization mixture
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includes glycerol, bis-acrylamide, and, optionally, a biomo-
lecular probe such as oligonucleotide or protein, but not acry-
lamide.

[0049] Another step to modify microarray manufacturing
methods and apparatus includes, for example following the
sample-dispensing step, the arrays of droplets are placed in an
airtight cassette of a design that allows ultraviolet polymer-
ization ofthe gel. The cassette is purged of oxygen with a flow
of a chemically neutral gas (such as nitrogen), which also
serves as a carrier gas for supplying the cassette with the
vaporized components of the polymerization mixture (in the
case of polyacrylamide gel, these are glycerol, water, bis-
acrylamide, and acrylamide.)

[0050] The vapors are generated by blowing the carrier gas
over a bath filled with the polymerization mixture formulated
for making a gel. This incubation is maintained for a period of
time sufficient to reach equilibrium (in terms of chemical
composition) between the solution in the bath and the drop-
lets on the substrates in the cassette.

[0051] Actively re-circulated carrier gas promotes equilib-
rium conditions inside the container which is essential for
uniform processing of the substrates and substantially
reduces the time required for incubation. The volume of the
container determines the amount of chemicals present inside
the container in the vapor phase. Substrates are kept in an
oxygen-free equilibrium atmosphere both before and during
polymerization.

[0052] The composition of droplets of polymerization mix-
ture printed on microarray substrates are restored by exposing
the substrates to an atmosphere of inert gas that is in thermo-
dynamic equilibrium with the polymerization mixture. Sub-
strates with droplets are preferably kept in an atmosphere
controlled in terms of both oxygen and the volatile chemicals
not just prior to polymerization but also during polymeriza-
tion. Transport of the volatile chemicals (mainly the mono-
mer, acrylamide) from the bath with polymerization mixture
to the droplets are achieved by re-circulating chemically neu-
tral carrier gas. A well-substantiated criterion is provided
herein for calculating the amount of polymerization mixture
required for ensuring equilibrium atmosphere inside the cas-
sette.

[0053] When the incubation step is completed, the droplets
are polymerized by exposing them to ultraviolet light with a
center emission wavelength of about 312 or 365 nm.

[0054] Another step to modify the microarray manufactur-
ing methods and apparatus includes, for example, that during
the microarray fabrication, the source plates containing the
polymerization solutions lose water due to evaporation, so
that upon completion of the fabrication, the source plates are
put into an environment with controlled humidity for re-
hydration. The relative humidity is chosen to be approxi-
mately equal to the molar fraction of water in the samples.
[0055] A non-volatile solute (or dissolved substance) is
glycerol, and the volatile solvent is water. “Mole fraction” (or
molar fraction) is in essence the relative abundance of water
molecules in comparison to the total number of molecules
available in the solution. In this disclosure, one may consider
mostly water and glycerol because acrylamide and other
chemicals present in the polymerization mixture constitute
only a small fraction of the total number of molecules avail-
able. According to Raoult’s Law, the vapor pressure of a
solution of a non-volatile solute is equal to the vapor pressure
of the pure solvent at that temperature multiplied by its mole
fraction.
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[0056] Another step to modify the microarray manufactur-
ing process and apparatus includes extending the incubation
step in the microarray fabrication protocol so it is combined
with the polymerization step to preserve the chemical com-
position of array elements throughout the polymerization
process.

EXAMPLES
Example 1: Improving Sample Dispensing Step

[0057] During sample dispensing, components that have
equilibrium vapor pressure considerably (more than 50%)
exceeding that of glycerol (are more volatile) are excluded
from the composition of samples. Similarly, components
whose equilibrium vapor pressures are equal or lesser than
that of glycerol are included. For example, for fabrication of
arrays composed of polyacrylamide gel, the samples gener-
ally include glycerol, bis-acrylamide, and, if needed, a bio-
molecular probe such as an oligonucleotide or a protein or a
peptide, but not acrylamide. Water, however, is included
because otherwise uncontrolled growth of droplets volume
due to moisture in the ambient air would cause droplet migra-
tion from their intended locations on the substrate. Relative
humidity inside the arrayer enclosure during a printing run is
maintained at a substantially steady level that generally does
not exceed the equilibrium pressure of water vapor over the
solution in the plate (as determined by the molar fraction of
water in the polymerization composition).

Example 2: Methods to Improve Incubation During
Microarray Fabrication

[0058] Following the sample-dispensing step, the arrays of
droplets are placed in an airtight enclosure (“cassette”) of the
array design module that allows UV polymerization of gel
(FIG.1). The cassette 10 includes an airtight enclosure 14 and
is connected to a pump 11 and a chamber 12 that contains a
bath 13 filled with a mixture of glycerol, water, bis-acryla-
mide, N,N-Methylene-bis-acrylamide and acrylamide taken
in proportion equal to that of the polymerization composition
19 required for preparation of gel with desired properties.
After loading the cassette 10 with microarrays (substrates
24), the cassette is flushed of air using a chemically neutral
gas 20 such as nitrogen. The purpose of flushing is to remove
oxygen that affects polymerization of acrylamide. Then the
pump is activated to provide a constant gas flow 22 in the
closed contour formed by the components of the system. The
pump capacity and piping are chosen to provide conditions
for a weakly turbulent flow in both the chamber and the
cassette. The methods and steps described herein are intended
to create in the cassette, a stratification-free gas environment,
in which the chemicals are generally present in equilibrium
concentrations determined by the composition of the solution
in the bath. Accordingly, the volume of the solution should be
large enough to ensure that the mass of each of the compo-
nents in the liquid phase exceeds at least ten times the mass of
that component in the vapor phase. The time of incubation
required for reaching equilibrium (in terms of chemical com-
position) between the solution in the bath and the droplets on
the substrates in the cassette is determined experimentally.
For example, for a composition needed for synthesis of poly-
acrylamide gel and the total volume of the system is about 1
liter, the time of incubation is close to about one hour.

[0059] As shown in FIG. 1, in an embodiment, the sub-
strates are enclosed within an air-tight enclosure 14. The
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enclosure has a quartz window 15 to permit UV light 16 for
polymerization initiation. A pump 11 re-circulates the air
from the enclosure along with an inert gas 20 from a cylinder.
The inert gas 20 can be nitrogen. The inert gas 20 is passed
through a container 12 that has the polymerization composi-
tion 19. The polymerization container is connected to the
enclosure 14 where the substrates 24 are positioned.

Example 3: Polymerization

[0060] The polymerization of the droplets on the substrates
is carried out by exposing them to UV light, e.g. with a center
emission wavelength of about 312 nm or 365 nm. The light is
switched on when the incubation step is completed. The poly-
merization composition used for printing gel-element
microarrays includes relatively volatile components that can
get depleted due to evaporation during the process of printing.
This may lead to irreproducibility of gel-elements properties
and spontaneous polymerization of the mixture in the source
plate. The materials and methods described herein present a
technique for restoring the original composition of the drop-
lets dispensed on the microarray substrates prior to the step of
UV polymerization. An apparatus for implementing the tech-
nique is also disclosed.

Example 4: Re-hydration of the Source Plate(s)

[0061] During the print run, the source plate containing the
polymerization solutions generally loses some water via
evaporation. Upon completion of printing, the source plates
are put in environment with controlled humidity for re-hydra-
tion. The relative humidity level (expressed as a ratio of the
actual pressure of water vapor to its pressure under saturation
conditions) is chosen to be equal to the molar fraction of water
in the samples.

Example 5: Raoult’s Law, Rehydration

[0062] Ifa plate of water is placed in an airtight container,
after a while, part of water evaporates, but then evaporation
stops because the system (water+gaseous medium above it)
reaches equilibrium. Under equilibrium, losses of water due
to evaporation are compensated by condensation of water
vapor back in the plate, and water vapor inside the container
is said to be saturated. Since relative humidity is defined as a
ratio of water vapor pressure under current conditions to that
under saturation, at saturation there is 100% Relative Humid-
ity.

[0063] If pure water in the plate is replaced with a solution
of'glycerol in water, the conditions of equilibrium will change
to reflect lower abundance of water in the solution. According
to Raoult’s Law, if water molecules constitute only 80% of the
total quantity of molecules in the solution (which means that
molar fraction of water is 0.8), then the pressure of water
vapor in the atmosphere inside the container will be equal to
only 80% of the saturated vapor pressure over pure water. In
other words, this means that for aqueous glycerol humidity
inside the container will drop from 100% to 80%. The above
considerations form a rationale of the method used for restor-
ing water concentration in the source microplate(s).

[0064] Plates can be re-hydrated by placing them into an
environment where relative humidity is maintained at the
level numerically equal to the molar fraction of water in the
initial composition of the samples. Since the samples have
been depleted of water during the preceding print run, the
balance between evaporation and condensation will be
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shifted toward condensation until the solutions in the wells of
the plate reach equilibrium with the atmosphere. At that point,
the concentration of water in the samples should return back
to its initial value.

Example 6: Microlens Fabrication

[0065] Fabrication of microlens arrays is a well-known area
of'research and development in optics and optoelectronics. In
particular, microlenses are used to improve light collection
efficiency of photosensors, and, accordingly, arrays of micro-
lenses are used for the same purpose in the case of multiele-
ment photosensors. An example of multi-element photosen-
sors is CCD sensors widely used in digital cameras as well as
in numerous other applications in science and technology. In
some applications, there is a need for tunable microlenses (or
tunable microlens arrays). In most cases tunability implies
that there is a mechanism that allows changing focusing prop-
erties of the lens (characterized by focal distance parameter).
In particular such tunability may be provided by a certain
mechanism that allows changing the curvature of lens sur-
face. There are a number of approaches to synthesis of micro-
lens arrays. In many cases such lenses are made of transparent
polymers. Polyacrylamide is a well-known material for fab-
rication of lenses, in particular, contact lenses. Gel elements
fabricated by the method disclosed in this invention are lens-
like in shape. Moreover, they can actually work as lenses. The
gel elements are inherently hygroscopic. The curvature of the
gel elements varies depending on the amount of water
absorbed by the gel element. In fact, this feature provides
opportunity to control focusing properties of the gel elements,
which, therefore, can be considered as tunable microlenses.
[0066] Three dimensional polymeric layers can also be
employed in optoelectronics and optics, for example, for
microlens array synthesis. Gel is a preferred polymer. An
array of gel elements fabricated by the methods describe can
bereadily considered an array of microlenses due to the shape
of gel elements and their optical properties (such as transpar-
ency and refractive index). Choice of polymer composition is
not limited to the use of polyacrylamide.

MATERIALS AND METHODS
Digital Imaging in Optical Microscopy

[0067] Microlens Arrays: Microlens arrays (also referred to
as microlenticular arrays or lenslet arrays) are used to
increase the optical fill factor in CCDs, such as interline-
transfer devices, that suffer from reduced aperture due to
metal shielding. These tiny lens systems serve to focus and
concentrate light onto the photodiode surface instead of
allowing it to fall on non-photosensitive areas of the device,
where it is lost from the imaging information collected by the
CCD.

[0068] A typical lenslet placement scheme has tiny optical
lens in strategically placed over the dye layer and metal light
shield of a photodiode. The lenslets are either grown in par-
allel arrays during the CCD fabrication process or manufac-
tured out of a material such as quartz and placed on the array
surface during packaging. Each lenslet is a high quality opti-
cal surface containing refractive elements ranging in size
from several hundred to around 10 microns in diameter,
depending upon the application. Lens quality is so good that
microlenses are physically equivalent to an ordinary single-
element lens.
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[0069] Addition of microlens arrays to CCD photodiodes
can increase the optical fill factor by up to three times that
realized without the tiny optical components. Increasing the
fill factor yields a corresponding increase in the sensitivity of
the photosite. Microlens arrays provide a substantial increase
in performance of interline-transter CCD imaging arrays that
have lateral overflow drains and a sizeable amount of shielded
pixel space. These devices typically suffer from reduced opti-
cal fill factors because of reduced active pixel area compared
to total pixel size.

[0070] An interline-transfer CCD pixel pair is, one
equipped with a microlens to concentrate light into the pho-
todiode, while the other must absorb incident light rays with-
outthe benefit of optical assistance from a microlens. Incident
photons that strike the microlens are directed into the photo-
diode by refraction through the glass or polymer comprising
the microlens. The photodiode without a microlens collects a
significantly lower portion of incoming photons, because
those that impact on shielded areas (the exposure gate and
neighboring structures) are not useful in charge integration.
The optical fill factor of interline CCDs can be reduced to less
than 20 percent by fielded vertical transfer shift registers.
With the microlens array, the fill factor can approach 100
percent, depending upon manufacturing parameters.

[0071] Organization ofthe cone of light reaching the micro-
lens surface depends upon the optical characteristics of the
microscope or camera lens used to direct light to the CCD.
Also, polysilicon gate thickness heavily influences the ability
to collect light by the photodiode positioned beneath the gate
structure. Microlens arrays are fabricated using reflow tech-
niques on resist layers to achieve numerical apertures ranging
from 0.15 to 0.4 with short focal lengths and corresponding
lens diameters of 20 to 800 microns. The fill factor of a
microlens array is strongly dependent upon the manufactur-
ing process used to create the array. Glass lenses of somewhat
lower (0.05 to 0.2) numerical aperture are also utilized. Lower
numerical aperture microlenses have fewer optical aberra-
tions with significantly longer focal lengths.

[0072] Disadvantages encountered with microlens are far
outweighed by sensitivity of devices having these optical
components in place. One of the primary difficulties occurs
when light rays from the outer portions of a pixel are focused
onto an adjacent lens (and subsequently onto the detector
photodiode) resulting in mis-registration. In addition, when
detector pixel size reaches the diffraction limit of the micro-
lenses, the pixels become overfilled leading to inaccurate
measurements. As photodiodes become smaller, the prob-
lems associated with producing quality microlenses increase.
Higher quality microlenses are needed to produce images on
these arrays, but spherical aberration then becomes a prob-
lem. Adding microlenses to CCDs increases the number of
processing steps, and the uniformity of the lens array is a
variable that can often cause problems during fabrication.
[0073] Saturated vapor pressure at 25 C: water-23.76 mm
Hg, acrylamide-0.007 mm Hg, glycerol-0.000268 mm Hg
[0074] Formula for the droplets:

[0075] 65% (w/w) glycerol (Sigma-Aldrich Inc., St.
Louis, Mo., US)

[0076] 5% (w/w) acrylamide /N N'-methylenebisacryla-
mide in a 19:1 proportion (prepared using a 40% Acry-
lamide/Bis Solution, 19:1, Bio-Rad, Hercules, Calif.,
Us)
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[0077] 0.25 mM oligonucleotide probe (which is, gener-
ally, different for each well of the source microplate)
[0078] 0.035 M sodium-phosphate buffer (pH 7.25)
[0079] Acrylamide may be left out of this solution totally
(but bis is still required because it is much less volatile than
acrylamide). One may add acrylamide to the droplets via
vapor phase at the restoration step. A standard commercial
solution contains both acrylamide and bis.
[0080] Restoration Solution using the following recipe:
[0081] 65% (w/w) glycerol (Sigma-Aldrich Inc., St.
Louis, Mo., US)
[0082] 5% (w/w)acrylamide /N,N'-methylenebisacryla-
mide in a 19:1 proportion (prepared using a 40% Acry-
lamide/Bis Solution, 19:1, Bio-Rad, Hercules, Calif.,

us)
[0083] 0.035 M sodium-phosphate buffer (pH 7.25)
[0084] As indicated, this mixture is prepared using a stan-

dard 40% aqueous solution of acrylamide and N,N'-methyl-
enebisacrylamide (“Bis”) which are present in the solution in
proportion of 19:1. For example, 100 g of the restoration
solution should contain 5 g of acrylamide and bis by dry
weight. Accordingly, to prepare this solution one should take
5 2/0.4=12.5 g of the 40% acrylamide/Bis solution.

[0085] The latter is a standard reagent for preparing elec-
trophoretic gels and is readily available from a number of
vendors and is convenient to use (e.g. one doesn’t have to deal
with dry acrylamide that is a hazardous substance). However,
this doesn’t mean that the restoration solution cannot be pre-
pared using some different approach. Also, the final concen-
trations of acrylamide and bis may differ from 4.75 and
0.25%, respectively. Variations of these concentrations will
result in formation of gel of somewhat different properties
which doesn’t necessarily imply dramatic degradation of
microarray performance. For instance, in our practice we
varied the concentration of acrylamide+bis in the range of 4 to
5%.

[0086] Finally, the restoration solution may be prepared
without bis, because volatility of bis is much lower than that
of'acrylamide. For this reason, the content of bis in the drops
of'the polymerization solution printed on the microarray sub-
strates doesn’t change much in the process of array fabrica-
tion. The feasibility of fabricating chips using a bis-free res-
toration solution has been proved experimentally.
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We claim:

1. A method to control evaporation during preparation of
gel-based microarrays using a polymerization mixture, the
method comprising:

(a) including components in the polymerization mixture
whose equilibrium vapor pressure is similar or lower
than glycerol, that is, excluding components from the
polymerization mixture that have an equilibrium vapor
pressure considerably higher than that of glycerol;
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(b) dispensing gel drops from the polymerization mixture;
and

(c) incubating and polymerizing gel drops in a cassette in a
vaporous environment consisting of the polymerization
mixture excluding glycerol.

2. The method of claim 1 further defined as wherein the
vapor of a chemically neutral gas replaces oxygen and trans-
ports acrylamide from the mixture to the gel drops.

3. The method of claim 1 wherein an incubation step is
combined with the polymerization step.

4. The method of claim 1 wherein the gel-based microar-
rays are biochips.

5. A method of improving fabrication of a polymer-based
microarray, the method comprising:

(a) excluding from a polymerization solution substantially
all components that have equilibrium vapor pressure
considerably higher than glycerol;

(b) restoring a predetermined composition of the polymer-
ization solution by exposing the arrays to a predeter-
mined atmosphere in a chamber, wherein the atmo-
sphere contains acrylamide;

(c) maintaining the predetermined atmosphere throughout
polymerization by ultraviolet light; and
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(d) rehydrating a source plate by restoring water concen-
tration in the polymerization solution by exposing the
source plate to a predetermined atmosphere

6. An apparatus for improving fabrication of a polymer-

based microarray, as in FIG. 1.

7. A microarray module comprising:

(a) an ultraviolet light permissive enclosure for receiving
the microarray, the enclosure connected to a pump;

(b) a chamber associated with the enclosure, the chamber
adapted to provide an optimal vapor pressure, wherein
the chamber comprises one or more constituents present
in a polymerization mixture; and

(c) a source of inert gas functionally associated with the
chamber.

8. The microarray module of claim 7, wherein the enclo-

sure is a cassette.

9. The microarray module of claim 8, wherein the cassette

is air-tight.

10. The microarray module of claim 6, wherein the pump

introduces the inert gas.

11. A biochip prepared by the method of claim 1.

12. A biochip prepared by the method of claim 5.
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