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(57) ABSTRACT

A microwell array chip having multiple microwells on a
principal surface of a substrate, said microwells being of a
shape and size permitting the storage of only a single organic
cell in each microwell, wherein microwell markers are
present on the same substrate surface as the openings of the
microwells. A microwell array chip having multiple microw-
ells on a principal surface of a substrate, said microwells
being of a shape and size permitting the storage of only a
single organic cell in each microwell, wherein protrusions
are present in the openings of said microwells so as to
narrow said openings. A method for manufacturing the
microwell array chip. The method comprises the steps of:
forming a film on at least one principal surface of a sub-
strate; applying a resist coating on the film that has been
formed; exposing the resist surface through a mask having
a microwell pattern and removing uncured portions of resist;
etching the exposed portions of said film and substrate to
fabricate wells in the form of a microwell array; and
removing the resist. A microwell array chip made of silicon
and having multiple microwells, each microwell being used
to store a single specimen organic cell, wherein each
microwell is of a size and shape holding just one organic
cell.
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MICROWELL ARRAY CHIP AND ITS
MANUFACTURING METHOD

TECHNICAL FIELD

[0001] Aspect I of the present invention relates to a
microwell array chip that can be used to detect organic cells
such as antigen-specific lymphocytes. In particular, Aspect I
of the present invention relates to a microwell array chip in
which the position of a given microwell is readily deter-
mined.

[0002] Aspect II of the present invention relates to a
microwell array chip, and a method for manufacturing the
same, having good collection efficiency of organic cells in
and recovery efficiency of organic cells from microwells.
[0003] Aspect III of the present invention relates to a
microwell array chip made of silicon that can be used to
detect organic cells such as antigen-specific lymphocytes. In
particular, Aspect III of the present invention relates to a
microwell array chip in which organic cells stored in
microwells can be readily recovered as needed.

BACKGROUND ART

[0004] Conventionally, antigen-specific lymphocytes have
been detected by adding about 200,000 lymphocytes to each
well of a 96-well plate and culturing the lymphocytes in the
presence of antigen for from three days to a week (Methods
of Detecting Lymphocyte Functions”, Junichi YANO,
Michio FUITWARA, eds., Chugai Igakusha (1994), “Meth-
ods of Conducting Immunity Experiments I, II”’, Shunsuke
ISHIDA, Susumu KONDA, Morosuke MOTO, Toshiyuki
HAMAOHKA, eds., Nankodo (1995)). This method makes
it possible to determine that an antigen-specific lymphocyte
is present within a group of about 200,000 lymphocytes.
However, it does not permit the identification of individual
antigen-specific lymphocytes present within the group of
lymphocytes.

[0005] By contrast, a method has been developed and put
into practice in recent years in which fluorescent pigment-
labeled antigen molecules are mixed with lymphocytes to
cause the fluorescently labeled antigen to bind to antigen
receptors on the antigen-specific lymphocytes, and the lym-
phocytes that have bound the fluorescently labeled antigen
are detected with a flow cytometer (Altman J. D., Moss P. A.,
Goulder P. J., Barouch D. H., McHeyzer-Williams M. G.,
Bell J. I., McMichael A. J., Davis M. M. Phenotype analysis
of antigen-specific T lymphocytes, Science, 274: 94-96,
1996). In this method, a single lymphocyte that has bound an
antigen can be identified. Further, it is also possible to
separate out a single lymphocyte that has bound an antigen.
[0006] However, the above detection method requires an
expensive and complex device known as a cell sorter for
separation. In addition, it presents the following problems:
[0007] (1) It is difficult to set the conditions in the device
for separation; great skill is required to operate the device
and separate cells;

[0008] (2) Due to high background noise, when the fre-
quency of the antigen-specific lymphocyte is 0.1 percent or
less, the antigen-specific lymphocyte cannot be detected;

[0009]

[0010] (4) Time is required to separate low frequency
cells; and

(3) Cell separation efficiency is low;
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[0011] (5) Although the binding of antigen can be con-
firmed, the reaction by which the lymphocyte binds the
antigen cannot be analyzed.

[0012] Another method of detecting antigen-specific lym-
phocytes has been developed in which antigen molecules
bound to magnetic beads are mixed with lymphocytes to
cause the magnetic bead-bound antigen to bind to the
antigen receptors of the antigen-specific lymphocytes, and a
magnet is used to separate the antigen-specific lymphocytes
(Abts H., Emmerich M., Miltenyi S., Radbruch A., Tesch H.,
CD20 positive human B lymphocytes separated with the
magnetic sorter (MACS) can be induced to proliferation and
antibody secretion in vitro. Journal of Immunological Meth-
ods 125:19-28, 1989).

[0013] Inthis method, no complex device is required, cells
are rapidly separated, and the binding of antigen can be
confirmed. However, how the lymphocytes that have bound
the antigen have reacted with the antigen (intracellular
signal transmission, RNA synthesis, protein synthesis, or
some other metabolic physiological reaction of the cell)
cannot be analyzed. Further, antigen-specific lymphocytes
with a frequency of 0.1 or less cannot be detected.

[0014] By contrast, the present inventors conducted vari-
ous investigations into providing a method for detecting
antigen-specific lymphocytes that does not require a com-
plex device, separates cells rapidly, can confirm the binding
of antigen, can detect antigen-specific lymphocytes of low
frequency (0.001 percent or more), permits analysis of how
the lymphocyte that has bound an antigen reacts with the
antigen, and permits separation of antigen-specific lympho-
cytes. The present inventors also developed a method of
detecting the antigen specificity of individual lymphocytes
and recovering antigen-specific lymphocytes that are
detected.

[0015] However, no microwell array chip was known that
could separately detect the antigen specificity of individual
lymphocytes and permit recovery of the antigen-specific
lymphocytes that were detected.

[0016] Accordingly, the present inventors conducted
extensive research into providing a microwell array chip that
could be used in the above-described detection method and
that could hold a single lymphocyte in a single microwell.
The present inventors fabricated test microwell array chips
in which microwells of roughly a size capable of containing
a single lymphocyte were formed on a substrate surface, and
conducted tests in which lymphocytes were stored (col-
lected) in microwells and recovered from microwells. In this
process, the present inventors determined that when recov-
ering antigen-specific lymphocytes detected in an array chip
in which multiple minute microwells had been provided, and
in particular, when conducting detection and recovery in
separate steps, the reliable recovery of antigen-specific lym-
phocytes without error from the microwells in which they
had been detected required reliable determination of the
positions of the microwells. That is, in array chips in which
multiple microwells are simply arrayed, there is a problem
in that it is difficult to readily determine the position of a
specific microwell.

[0017] In the above process, the present inventors further
determined that when the array chip was washed after
collecting the lymphocytes in the microwells using a cell
suspension in the course of storing lymphocytes in microw-
ells, there was a problem in that a large number of cells
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ended up flowing out of the microwells, causing the collec-
tion efficiency and filling rate to decrease markedly.
[0018] Accordingly, the first object of the present inven-
tion is to provide a microwell array chip lending itself to use
in the above-described detection method and permitting the
storage of single lymphocytes in single microwells. In
particular, Aspect I of the present invention has for its object
to provide a microwell array chip permitting the ready
determination of the positions of multiple minute microw-
ells.

[0019] The second object of the present invention is to
provide a microwell array chip in which cells such as
lymphocytes that have been collected in microwells tend not
to flow out of the microwells during subsequent washing.
[0020] The third object of the present invention is to
provide a microwell array chip lending itself to use in the
above-described detection method and capable of storing
individual lymphocytes in individual microwells.

[0021] In particular, Aspect I1I of the present invention has
for its object to provide a microwell array chip permitting
the ready recovery of a single lymphocyte stored in a
microwell. Aspect III of the present invention has the further
object of providing a microwell array chip that is not limited
to lymphocytes, but permits the storage of a single organic
cell in a single microwell.

DESCRIPTION OF THE INVENTION

[0022] To achieve the above-stated first object, Aspect I of
the present invention is as follows.
[0023] (1) A microwell array chip in which multiple
microwells are present on a principal surface of a substrate,
said microwells being of a shape and size permitting the
storage of only a single organic cell in each microwell,
[0024] wherein microwell markers are present on the
same substrate surface as the openings of the microw-
ells.
[0025] (2) The microwell array chip according to (1)
wherein said multiple microwells are arranged horizontally
and vertically at identical spacing and markers are provided
at a prescribed number of microwells.
[0026] (3) The microwell array chip according to (1) or (2)
wherein said multiple microwells are positioned on a prin-
cipal surface of said substrate by being divided into groups
each comprising a prescribed number of microwells and
markers are provided in a manner permitting determination
of the position of each group.
[0027] (4) The microwell array chip according to (3)
wherein the number of microwells in each group falls within
a range of from 10 to 10,000.
[0028] (5) The microwell array chip according to any of
(1) to (4) wherein said marker is comprised of a fluorescent
material or a reflective material.
[0029] (6) The microwell array chip according to any of
(1) to (5) wherein said marker is a positioning marker.
[0030] (7) The microwell array chip according to any of
(1) to (6) wherein said substrate is made of silicon, metal, or
resin.
[0031] (8) The microwell array chip according to any of
(1) to (7) wherein the shape of said microwells is cylindrical,
polyhedral comprised of multiple surfaces, inversely coni-
cal, inversely pyramidal, or a combination of two or more of
the above.
[0032] (9) The microwell array chip according to any of
(1) to (8) wherein the diameter of the largest circle that can
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be inscribed within the planar shape of the microwells falls
within a range of from 0.5 to 2-fold the diameter of the
organic cell that is to be contained in the microwells, and the
depth of the microwells falls within a range of from 0.5 to
4-fold the diameter of the organic cell that is to be contained
in the microwells.

[0033] (10) The microwell array chip according to any of
(1) to (9) wherein the organic cell is a lymphocyte and the
microwell array chip is employed to detect single antigen-
specific lymphocytes.

[0034] (11) The microwell array chip according to any of
(1) to (10) wherein a hydrophobic region is provided in a
manner surrounding said multiple microwells on said prin-
cipal surface.

[0035] (12) The microwell array chip according to (11)
wherein said hydrophobic region is comprised of a silicon
surface or fluorine-containing surface.

[0036] To achieve the above-stated second object, Aspect
II of the present invention is as follows.

[0037] (13) A microwell array chip having multiple
microwells on a principal surface of a substrate, said
microwells being of a shape and size permitting the storage
of only a single organic cell in each microwell,

[0038] wherein protrusions are present in the openings
of said microwells so as to narrow said openings.
[0039] (14) The microwell array chip according to (13)
wherein said protrusions are formed by providing a film on

the substrate surface that protrudes into the openings.
[0040] (15) The microwell array chip according to (13) or
(14) wherein the size of the openings formed by said
protrusions permits the passage of the organic cell to be
stored in the microwell.

[0041] (16) The microwell array chip according to any of
(13) to (15) wherein said substrate is made of silicon, metal,
or resin.

[0042] (17) The microwell array chip according to any of
(14) to (16) wherein the film provided on said substrate
surface is an oxide film, nitride film, impurity diffusion film,
metal film, or resin film.

[0043] (18) A method for manufacturing the microwell
array chip according to (13) comprising the steps of:

[0044] forming a film on at least one principal surface
of a substrate;

[0045] applying a resist coating on the film that has
been formed;

[0046] exposing the resist surface through a mask hav-
ing a microwell pattern and removing uncured portions
of resist;

[0047] etching the exposed portions of said film and
substrate to fabricate wells in the form of a microwell
array; and

[0048] removing the resist.

[0049] (19) The method for manufacturing a microwell
array chip according to (18) wherein said substrate is made
of silicon, metal, or resin.

[0050] (20) The method for manufacturing a microwell
array chip according to (18) or (19) wherein said film
provided on said substrate surface is an oxide film, nitride
film, impurity diffusion film, metal film, or resin film.
[0051] (21) The microwell array chip according to any of
(13) to (20) wherein a hydrophobic region is provided in a
manner surrounding said multiple microwells on said prin-
cipal surface.
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[0052] (22) The microwell array chip of (21) wherein said
hydrophobic region has a silicon surface or fluorine-con-
taining surface.
[0053] To achieve the above-stated third object, Aspect 111
of the present invention is as follows.
[0054] (23) A microwell array chip made of silicon and
having multiple microwells, each microwell being used to
store a single specimen organic cell,

[0055] wherein each microwell is of a size and shape

holding just one organic cell.

[0056] (24) The microwell array chip according to (23)
wherein each of said microwells is cylindrical, polyhedral
comprised of multiple surfaces, inversely conical, inversely
pyramidal, or a combination of two or more of the above.
[0057] (25) The microwell array chip according to (23) or
(24) wherein the diameter of the largest circle that can be
inscribed within the planar shape of the microwells falls
within a range of from 0.5 to 2-fold the diameter of the
organic cell that is to be contained in the microwells, and the
depth of the microwells falls within a range of from 0.5 to
4-fold the diameter of the organic cell that is to be contained
in the microwells.
[0058] (26) The microwell array chip according to any of
(23) to (25) wherein said organic cell is a lymphocyte and
the microwell array chip is used to detect single antigen-
specific lymphocytes.
[0059] (27) The microwell array chip according to any of
(23) to (26) wherein the interior surface of said microwells
is coated with a fluorocarbon film or a silicon oxide film.
[0060] (28) The microwell array chip according to (27)
employed so that a single organic cell stored in a single
microwell is recovered from the microwell.
[0061] (29) The microwell array chip according to any of
(23) to (28) wherein a hydrophobic region is provided in a
manner surrounding said multiple microwells on said prin-
cipal surface.
[0062] (30) The microwell array chip according to (29)
wherein said hydrophobic region has a silicon surface or
fluorine-containing surface.
[0063] (31) A microwell array chip having a microwell on
a principal surface of a substrate, wherein a hydrophobic
surface region is provided in a manner surrounding said
microwell on said principal surface.
[0064] (32) The microwell array chip according to (31)
wherein said hydrophobic region has a silicon surface or
fluorine surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0065] FIG. 1 is a plan view of a microwell array chip 1a
on which are provided three horizontal and three vertical
groups 1c of 10x10 microwells 15.

[0066] FIG. 2 is a drawing descriptive of the method for
manufacturing a microwell array chip of Aspect 1 of the
present invention having a fluorescent marker in Embodi-
ment 1.

[0067] FIG. 3 is a plan view of a microwell array chip 3a
having a reflective marker 34 on a silicon substrate.
[0068] FIG. 4 is a drawing descriptive of the reflective
principle of a reflective marker.

[0069] FIG. 5 is a drawing descriptive of (the first half of)
the method for manufacturing the microwell array chip of
Aspect | of the present invention having a reflective marker
in Embodiment 2.
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[0070] FIG. 6 is a drawing descriptive of (the latter half of)
the method for manufacturing the microwell array chip of
Aspect | of the present invention having a reflective marker
in Embodiment 2.

[0071] FIGS. 7(A) and (B) are a top view and lateral
cross-sectional view, respectively, of an array chip having
microwells 13 in which protrusions are not present in
openings 13a. FIGS. 7(C), (D), and (E) are a top view, a
lateral cross-sectional view, and a perspective view, respec-
tively, of the array chip in which protrusions 14 formed out
of portions of film 12' are present in openings 13a of
microwells 13.

[0072] FIGS. 8(A), (B), and (C) are a top view, a lateral
cross-sectional view, and a perspective view, respectively, of
the microwell array chip of Aspect II of the present inven-
tion, which differs from the mode of FIG. 7. Protrusions 14'
formed out of portions of film 12" are present in the
openings 13a of microwell 13, and the openings formed by
protrusions 14' are round in shape.

[0073] FIGS. 9(A), (B), and (C) are drawings (lateral
cross-sectional views) descriptive of the steps of manufac-
turing a microwell array chip employing a silicon substrate.
The microwells of (C) are inverted pyramidal in shape, those
of (D) are square, and those of (E) are hemispherical.
[0074] FIG. 10 shows the dimensions of the various com-
ponents of the microwell array chip produced in Embodi-
ment 3.

[0075] FIG. 11 is a schematic drawing descriptive of a
microwell array chip having a fluorocarbon film in the wells.
[0076] FIG. 12 is a drawing descriptive of the method for
manufacturing a microwell array chip having a fluorocarbon
film in the wells of Embodiment 4.

[0077] FIG. 13 is a drawing descriptive of the method for
manufacturing a microwell array chip having an oxide film
(silicon oxide) in the wells of Embodiment 5.

[0078] FIG. 14 is a schematic drawing of a microwell
array chip having a hydrophobic region provided in a
manner surrounding the multiple microwells on a principal
surface having multiple microwells.

[0079] FIG. 15 is a drawing descriptive of the method for
manufacturing the microwell array chip shown in FIG. 14.
[0080] FIG. 16 is a drawing descriptive of the method for
manufacturing a microwell array chip provided with a
hydrophobic region.

[0081] FIG. 17 is an enlarged photograph of a microwell
the inner wall of which has been treated for smoothness in
Embodiment 6.

[0082] FIG. 18 is an enlarged photograph of a microwell
in the opening of which is formed a protrusion in Embodi-
ment 7.

BEST MODES OF IMPLEMENTING THE
INVENTION

[Aspect 1]

[0083]
below.

Aspect 1 of the present invention is described

Microwell Array Chip

[0084] The microwell array chip of Aspect 1 of the present
invention has multiple microwells on a principal surface of
a substrate. The microwells are of a size and shape capable
of'storing just one organic cell per microwell. The microwell



US 2008/0014631 Al

array chip of the present invention also has microwell
markers on the same substrate surface as the microwell
openings.

[0085] The above specimen organic cells may be lympho-
cytes, for example. The microwell array chip of the present
invention can be employed to detect single antigen-specific
lymphocytes, for example.

[0086] In the microwell array chip of Aspect 1, multiple
microwells are arranged horizontally and vertically with
equal spacing and markers are desirably provided at a
prescribed number of microwells. In particular, the microw-
ell array chip of Aspect 1 is divided into groups each
comprised of a prescribed number of microwells. These
groups are provided on the principal surface of the substrate,
and markers are provided so that the position of each group
can be determined.

[0087] For example, FIG. 1 shows a plan view of a
microwell array chip 1a on which three horizontal and three
vertical groups 1¢ of 10x10 microwells 15 are provided. A
marker 1d is provided on each of the four corners of 10x10
microwell groups 1c. It is also possible to provide markers
on the four corners of the overall microwell array chip 1a to
distinguish the markers provided on the four corners of each
group.

[0088] The number of microwells making up a single
group of microwells is not specifically limited, and may
range, for example, from 10 to 10,000.

[0089] The markers may be used simply to identify posi-
tion, or may be numbers or letters. The use of markers in the
form of numbers or letters not only determines the position
of each group, but can also specify each group. That is, a
number can be assigned to each group.

[0090] The markers may be legible by fluorescence micro-
scope or image scanner, for example. Thus, they are desir-
ably comprised of a fluorescent material or reflective mate-
rial.

[0091] Specific examples of fluorescent materials are
materials emitting fluorescence at a prescribed wavelength
when excited by light entering from the exterior. A material
suited to processing by photolithography, a technique for
manufacturing semiconductor integrated circuits lending
itself to the use of thin films, is desirably selected. Examples
are o-naphthoquinone diazide-novolak type resists, with
Tokyo Ohka Kogyo (K.K.) OFPR-800 being preferred.
[0092] Further, a processed substrate material and a thin-
film formed on a substrate are selected as reflective mate-
rials. By processing the substrate material by etching, press-
ing, or the like, for example, a reflective structure having an
incline relative to the surface or an identification pattern
having characters or information can be formed. By forming
athin film on the substrate material and fabricating a rise and
dip structure by processing such as etching, it is possible to
form an irregularly reflecting structure based on minute
indentations and protrusions on the surface of the thin film
or inclines in the edge surfaces of the thin film, achieving the
same effect as described above.

[0093] When observing the sample in the microwell with
fluorescence, portions not emitting fluorescence are com-
pletely invisible. Thus, to determine the position of the
sample on the substrate, a fluorescent label is required.
[0094] Neither the shape nor the size of the microwells is
specifically limited. However, for example, the shape of the
microwell can be cylindrical. It can also be noncylindrical,
such as a polyhedron comprised of multiple faces (for
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example, a parallelepiped, hexagonal column, or octagonal
column), an inverted cone, an inverted pyramid (inverted
triangular pyramid, inverted square pyramid, inverted pen-
tagonal pyramid, inverted hexagonal pyramid, or an inverted
polygonal pyramid with seven or more angles), or have a
shape combining two or more of these shapes. For example,
it may be partly cylindrical, with the remainder having the
shape of an inverted cone. In the case of an inverted conical
or an inverted pyramidal shape, the mouth of the microwell
is on the bottom. However, the shape may be one in which
a portion of the top of an inverted cone or inverted pyramid
is cut off (in which case the bottom of the microwell is flat).
For conical and parallelepiped shapes, the bottom of the
microwell is normally flat, but curved surfaces (convex or
concave) are also possible. The reason the bottom of the
microwell is made curved is the same as for shapes con-
sisting of an inverted cone or inverted pyramid with a
portion of the top cut off.

[0095] The shape and size of the microwell are suitably
determined in consideration of the type of organic cell
(shape, size, and the like of the organic cell) to be stored in
the microwell so that a single organic cell will be contained
per microwell.

[0096] To ensure that a single organic cell will be con-
tained per microwell, for example, the diameter of the
largest circle that can be inscribed in the planar shape of the
microwell suitably falls within a range of 0.5 to 2-fold,
desirably 0.8 to 1.9-fold, and preferably, 0.8 to 1.8-fold the
diameter of the organic cell to be contained in the microwell.
[0097] Further, the depth of the microwell suitably falls
within a range of 0.5 to 4-fold, desirably 0.8 to 1.9-fold, and
preferably, 0.8 to 1.8-fold the diameter of the organic cell to
be contained in the microwell.

[0098] For a cylindrically-shaped microwell, the dimen-
sions can be, for example, a diameter of 3 to 100 microme-
ters. When the organic cell is a B lymphocyte, the diameter
is desirably 4 to 15 micrometers. Further, the depth can be
from 3 to 100 micrometers, and in the case where the organic
cell is a B lymphocyte, the depth is desirably 4 to 40
micrometers. However, the dimensions of the microwell, as
set forth above, can be suitably determined in consideration
of a desirable ratio of the diameter of the organic cell to be
contained in the microwell to the dimensions of the microw-
ell.

[0099] The number of microwells present in a single
microwell array chip is not specifically limited. However,
when the organic cell is a lymphocyte and the frequency of
a given antigen-specific lymphocyte per 10° cells is from 1
to about 500 at the high end, the number of microwells can
range from about 2,000 to 1,000,000 per cm?, for example.
[0100] In Aspect I, the shape of the surface of the inner
wall of the microwell is desirably smooth so as to permit
smooth removal of cells. The height of dips and rises on the
surface can fall within a range of 0 to 1.0 micrometer,
preferably a range of 0 to 0.5 micrometer, and more pref-
erably, a range of 0 to 0.1 micrometer.

[0101] There can be differences in the height of dips and
rises at any position on the inner wall of a microwell. By
creating dips and rises on a portion of the inner wall of a well
that has been treated for smoothness, functionality can be
added to the well. For example, creating a protrusion of 0.5
to 1 micrometer in height in the vicinity of the entrance to
the well makes it difficult for a cell within the well to flow
out during washing. This mode corresponds to Aspect 11
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described further below. Imparting protrusions to the bottom
surface of a well allows a cell to be supported by the
protrusions and thus not come into contact with the bottom
surface of the well.

[0102] The inner wall of a microwell can be smoothed by
etching. The degree of vacuum in the etching device, the
type of etching gas, the etching steps, and the like can be
suitably selected. For example, when smoothing the inner
wall of a microwell with a Multiplex ASE etching device
made by STS Corporation, the process cycle time of the
etching step and the protective film forming step are desir-
ably suitably selected. Smoothing of the inner wall of a
microwell can be conducted by wet etching or by combining
a hot oxidation step with oxide film etching.

[0103] For example, when varying the height of dips and
rises at some position on the inner wall of a microwell with
a Multiplex ASE etching device made by STS Corporation,
the process cycle of the device can be varied to form dips
and rises of desired height at desired positions on the inner
wall of the microwell. In wet etching and the like, this can
be achieved by suitably selecting the type, concentration,
and temperature of the chemical solution.

[0104] Protrusions can also be formed at specific sites on
the well sidewall by etching. For example, by extending the
process cycle time at a position at which the formation of a
protrusion is desired using a Multiplex ASE etching device
made by STS Corporation, a protrusion of desired height can
be formed at a desired position on the well sidewall.
Protrusions can also be formed by suitably selecting and
varying the etching conditions at positions at which the
formation of protrusions is desired using etching devices
other than the above etching device.

[0105] The microwell array chip of Aspect I can be made
of silicon, metal, or resin, for example. When made of
silicon, silicon processing technology, which is currently the
mainstream fabrication technology for semiconductor inte-
grated circuits, can be applied without modification. Thus,
the use of silicon is superior to the use of other materials
from the perspectives of microprocessing properties, mass
production properties, and integration with future analytical
circuits such as sensors.

[0106] Examples of the above metal are aluminum, stain-
less steel, copper, nickel, chromium, and titanium.

[0107] Examples of the above resin are polyimide, poly-
ethylene, vinyl chloride, polypropylene, polycarbonate,
acrylic, and polyethylene terephthalate.

[0108] The method for manufacturing a microwell array
chip made of silicon with markers of a fluorescent material
will be described.

[0109] (1) A fluorescent substance (for example, Tokyo
Ohka OFPR-800) is coated on a principal surface of a silicon
substrate. The fluorescent substance may be suitably
selected from among materials other than Tokyo Ohka
OFPR-800 so long as the material selected has the charac-
teristic of absorbing excitation radiation and releasing
energy in the form of fluorescence in the course of returning
from the resulting excited state to a base state. The ability to
be processed by photolithography is desirable. For example,
AZP1350 made by Clariant Corporation may be employed.
[0110] (2) A label pattern is formed by photolithography
on the surface and hardening processing is conducted at
elevated temperature (for example, 180° C.) to increase the
resistance of the fluorescent substance to solvents. The
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temperature used in the hardening process can be suitably
selected based on the fluorescent substance.

[0111] (3) After hardening processing, a microwell pattern
is formed by photolithography and hardening is conducted at
low temperature (not greater than 100° C.). The microwell
pattern can be suitably determined based on the microwell
dimensions, arrangement, and the like. The hardening tem-
perature can be suitably determined based on the photoresist
material employed in the microwell pattern.

[0112] (4) Wells are formed by dry etching or the like. A
known dry etching method may be suitably used to form the
wells.

[0113] (5) The photoresist employed as a well pattern
mask is removed with an organic solvent such as acetone.
The organic solvent employed is not limited to acetone. Any
organic solvent capable of removing the photoresist may be
suitably employed.

[0114] Removing the photoresist leaves behind on the chip
just the microwells and the fluorescent labels formed on the
silicon substrate, yielding the microwell array chip of Aspect
1L

[0115] The method for manufacturing a microwell array
chip made of silicon with markers of a reflective material
will be described next.

[0116] (1) Photolithography is used to form a label pattern
on a principal surface of a silicon substrate. When manu-
facturing a reflective structure out of a thin film, it is
necessary to form a thin film of material on the same surface
prior to photolithography.

[0117] (2) An inverted pyramidal reflective structure is
made, for example, by etching comprising, for example,
immersion in an alkali solution having anisotropic surface
etching characteristics. For a thin film, an etching method is
suitably selected.

[0118] (3) A microwell pattern is formed by photolithog-
raphy. The microwell pattern is suitably determined based
on the dimensions and arrangement of the microwells.
[0119] (4) The wells are formed by a dry etching method
or the like. A known dry etching method may be suitably
used to form the wells.

[0120] (5) A photoresist separating solution or the like is
used to remove the photoresist.

[0121] Removing the photoresist leaves behind on the
chip just the microwells and reflective labels formed on the
silicon substrate, yielding the microwell array of Aspect 1.
[0122] In the microwell array chip of Aspect I, quantum
effects typified by carrier barrier phenomena of electrons
and holes, such as photoluminescent structures employing
the effects of confined carriers, may be exploited. The
photoluminescent material employed may be suitably
selected based on the wavelength required. A photolumines-
cent structure may be added to the chip, or a photolumines-
cent structure may be built into the chip itself. For example,
quantum-effect particles, impurity doping, porous materials,
and thin-film lamination-based quantum well structures may
be formed or a film of a photoluminescent material may be
formed to provide markers on the microwell array chip of
Aspect 1.

[0123] Further, the microwell array chip of Aspect I may
have a hydrophobic region provided in a manner surround-
ing multiple microwells on a principal surface having mul-
tiple microwells. FIG. 14 is a schematic diagram of a
microwell array chip on which such a region is provided. As
shown in FIG. 14, a hydrophobic region is provided in a
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manner surrounding the microwells so that the solution
containing cells and the like being planted on the microwell
array does not cross the hydrophobic region and disperse,
thereby permitting efficient concentration of the cell disper-
sion on the microwells. Such a region may be flat or may be
in the form of a groove. The number of such regions is not
specifically limited. A single such region may be provided,
or two or more may be provided. The width of this region
may be suitably established based on the amount of solution
being planted; for example, the width may be 100 microme-
ters to 1 mm. When this region is in the form of a groove,
the depth of the groove may be suitably set based on the
amount of solution being planted; for example, the depth
may be 5 to 100 micrometers.

[0124] The hydrophobic region may have a silicon surface
or a fluorine-containing surface, for example.

[0125] The method for manufacturing a microwell array
chip on which is provided a groove-like hydrophobic region
having a silicon surface, the substrate being made of silicon,
will be described below by way of example with reference
to FIG. 15.

[0126] (1) A coating of novolak resin-based positive resist
OFPR-800 (32¢) made by Tokyo Ohka Kogyo (K.K.), for
example, is formed on a silicon substrate 3256 (FIG. 15(A))
on which has been formed a silicon oxide film 32a, thus
forming a microwell pattern 32d. In this process, the
microwell pattern and a pattern 32¢ providing the groove-
like hydrophobic regions are simultaneously formed (FIG.
15(B)).

[0127] (2) Exposed silicon oxide film 324 is removed from
the pattern by hydrofluoric acid (FIG. 15(C)), and as needed,
photoresist 32¢ is removed. Dry etching employing fluorine-
based gas or ion implantation, or wet etching employing an
alkali solution or fluonitric acid, is used to etch the silicon.
Microwells 32f are formed at this time. At the same time, in
the portion in which pattern 32e has been formed, the
surface of the hydrophobic silicon is exposed, forming
groove-like hydrophobic regions 32g (FIG. 15(D)).

[0128] (3) Once the photoresist has been removed, a
microwell array chip in which are provided groove-like
hydrophobic regions having silicon surfaces surrounding the
microwells is obtained (FIG. 15(E)).

[0129] In the present invention, the formation of wells on
and etching of the silicon substrate itself as set forth above
can yield a microwell array chip on which are provided
groove-like hydrophobic regions, as well as a microwell
array chip on which are provided groove-like hydrophobic
regions in which the silicon surface has been exposed by
oxide film etching. An example of a method for manufac-
turing such a microwell array chip will be described below
with reference to FIG. 16.

[0130] (1) A coating of novolak resin-based photoresist
OFPR-800 (42¢) made by Tokyo Ohka Kogyo (K.K.), for
example, is applied to a silicon substrate 425 (FIG. 16(A))
on which has been formed a silicon oxide film 424 to form
a pattern 42e for providing groove-like hydrophobic regions
(FIG. 16(B)).

[0131] (2) Exposed silicon oxide film 424 is removed from
the pattern with hydrofluoric acid or the like, exposing the
silicon (FIG. 16(C)). Here, part of the photoresist is
removed.

[0132] (3) A coating of photoresist is again applied to the
same silicon substrate surface to form microwell pattern 424
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(FIG. 16(D)). The exposed silicon oxide film is removed
with hydrofluoric acid or the like from the pattern that has
been formed.

[0133] (4) Dry etching employing fluorine-based gas or
ion implantation, or wet etching with an alkali solution or
fluonitric acid is used to etch the silicon (FIG. 16(E)).
[0134] (5) Removing the photoresist yields a microwell
array chip on which are provided groove-like hydrophobic
regions having silicon surfaces surrounding the microwells
(FIG. 16(F)).

[0135] In the hydrophobic regions, fluorine-containing
surfaces may be present. Examples of fluorine-containing
surfaces are: fluorocarbon surfaces; fluororesin surfaces
comprised of carbon, fluorine, hydrogen, and the like; and
fluorosilicon surfaces. The hydrophobic regions having fluo-
rine-containing surfaces can be provided by the methods of
stamping, printing, or coating a fluorine-based water repel-
lent; the method of forming a groove by etching, for
example, and causing a fluorine-based water repellent to
flow into the groove; an inkjet method; or a spraycoating
method. The hydrophobic regions may also be provided
using a silicone resin or paraxylene resins such as parylene.
This makes it possible to provide hydrophobic regions even
on substrates made of metal or resin.

Method of Marker Use

[0136] The excitation radiation employed in a fluores-
cence detector is irregularly reflected by reflective structures
or an irregularly shaped surface. Since a band-pass filter
normally eliminating all but the desired fluorescence wave-
length is mounted on the detector, the excitation light fully
reflected by the chip surface does not enter the detector.
However, irregularly reflected light reflects off a mirror
having the properties of an initial stage band-pass filter, and
can reach the detector. Accordingly, the band-pass filter
before the detector in the rear stage is removed during label
identification to allow irregularly reflected light to enter the
detector. The shape of the label pattern is desirably concave
rather than convex to facilitate identification.

[Aspect 1T]

[0137]
below.

Aspect II of the present invention is described

The Microwell Array Chip

[0138] In the microwell array chip of Aspect II of the
present invention, multiple microwells are present on a
principal surface of a substrate, the microwells are of a shape
and size permitting the storage of only a single organic cell
in each microwell, and protruding members are present in
the openings of the microwells to narrow the openings.
[0139] The protrusions can be formed by causing a film
formed on the substrate surface to protrude into the open-
ings. However, the protrusions are not limited to this Aspect.
The Aspect of forming the protrusions so that a film pro-
vided on the substrate surface protrudes into the openings
will be described based on FIG. 7.

[0140] FIGS. 7(A) and (B) are a plan view and lateral
cross-sectional view, respectively, of an array chip in which
a film 12 is provided on the surface of substrate 11 and in
which microwells 13 are present. No protrusion is present in
opening 13a of microwell 3.
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[0141] By contrast, FIGS. 7(C), (D), and (E) are a plan
view, lateral cross-sectional view, and perspective view,
respectively, of an array chip in which a film 12' is provided
on the surface of substrate 11 and microwells 13 are present.
A protrusion 14 comprised of a portion of film 12' is present
in opening 13a of microwell 13.

[0142] FIGS. 8(A), (B), and (C) are a plan view, lateral
cross-sectional view, and perspective view, respectively, of
another microwell array chip of Aspect II differing from that
of FIG. 7. FIGS. 8(A), (B), and (C) show an array chip in
which a film 12" is provided on the surface of substrate 11
and in which microwells 13 are present, with a protrusion 14'
formed of part of film 12" being present in the opening 13«
of microwell 13. The shape of the opening formed by
protrusion 14' is round, in contrast to that of FIG. 7(E)
(which is square).

[0143] The shape of the opening formed by the protrusion
may differ from that of protrusion 14 in FIG. 7 and that of
protrusion 14' in FIG. 8. The size of the opening formed by
the protrusion is adequate to allow the passage of the organic
cell that is to be stored in the microwell.

[0144] FIG. 9 shows lateral cross-sectional views of
microwell array chips of Aspect II with differing microwell
shapes.

[0145] In FIG. 9(C), which is the same Aspect as in FIGS.
7 and 8, the microwell is an inverted pyramid, while the
microwell of FIG. 9(D) is square and that of FIG. 9(E) is
hemispherical. However, the shape of the microwell is not
specifically limited, and shapes other than these are possible.

[0146] Neither the shape nor the size of the microwell is
specifically limited. However, for example, the shape of the
microwell can be cylindrical. It can also be noncylindrical,
such as a polyhedron comprised of multiple faces (for
example, a parallelepiped, hexagonal column, or octagonal
column), an inverted cone, an inverted pyramid (inverted
triangular pyramid, inverted square pyramid, inverted pen-
tagonal pyramid, inverted hexagonal pyramid, or an inverted
polygonal pyramid with seven or more angles), or have a
shape combining two or more of these shapes. For example,
it may be partly cylindrical, with the remainder having the
shape of an inverted cone. In the case of an inverted conical
or an inverted pyramidal shape, the mouth of the microwell
is on the bottom. However, the shape may be one in which
a portion of the top of an inverted cone or inverted pyramid
is cut off (in which case the bottom of the microwell is flat).
For conical and parallelepiped shapes, the bottom of the
microwell is normally flat, but curved surfaces (convex or
concave) are also possible. The reason the bottom of the
microwell is made curved is the same as for shapes con-
sisting of an inverted cone or inverted pyramid with a
portion of the top cut off.

[0147] The shape and size of the microwell are suitably
determined in consideration of the type of organic cell
(shape, size, and the like of the organic cell) to be stored in
the microwell so that a single organic cell will be contained
per microwell.

[0148] To ensure that a single organic cell will be con-
tained per microwell, for example, the diameter of the
largest circle that can be inscribed in the planar shape of the
opening formed by the protrusion provided in the opening of
the microwell suitably falls within a range of 0.5 to 2-fold,
desirably 0.8 to 1.9-fold, and preferably, 0.8 to 1.8-fold the
diameter of the organic cell to be contained in the microwell.
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[0149] Further, the depth of the microwell suitably falls
within a range of 0.5 to 4-fold, desirably 0.8 to 1.9-fold, and
preferably, 0.8 to 1.8-fold the diameter of the organic cell to
be contained in the microwell.

[0150] For a cylindrically-shaped microwell, the dimen-
sions can be, for example, a diameter of 3 to 100 microme-
ters. When the organic cell is a B lymphocyte, the diameter
is desirably 4 to 15 micrometers. Further, the depth can be
from 3 to 100 micrometers, and in the case where the organic
cell is a B lymphocyte, the depth is desirably 4 to 40
micrometers. However, the dimensions of the microwell, as
set forth above, can be suitably determined in consideration
of a desirable ratio of the diameter of the organic cell to be
contained in the microwell to the dimensions of the microw-
ell.

[0151] The number of microwells present in a single
microwell array chip is not specifically limited. However,
when the organic cell is a lymphocyte and the frequency of
a given antigen-specific lymphocyte per 10° cells is from 1
to about 500 at the high end, the number of microwells can
range from about 2,000 to 1,000,000 per cm?, for example.
[0152] In Aspect II, as in Aspect I above, the shape of the
surface of the inner wall of the microwell is desirably
smooth so as to permit smooth removal of cells. The specific
details are identical to those given above for Aspect 1.
[0153] The substrate of the microwell array chip of Aspect
II can be made of silicon, metal, or resin, for example. When
made of silicon, silicon processing technology, which is
currently the mainstream fabrication technology for semi-
conductor integrated circuits, can be applied without modi-
fication. Thus, the use of silicon is superior to the use of
other materials from the perspectives of microprocessing
properties, mass production properties, and integration with
future analytical circuits such as sensors.

[0154] Examples of the metal constituting the substrate are
aluminum, stainless steel, copper, nickel, chromium, and
titanium.

[0155] Examples of the resin constituting the substrate are
polyimide, polyethylene, vinyl chloride, polypropylene,
polycarbonate, acrylic, and polyethylene terephthalate.
[0156] Examples of the film provided on the surface of the
substrate are oxide films, nitride films, impurity diffusion
layers, metal films, and resin films.

[0157] Examples of oxide films are silicon oxide films,
silicon oxide nitride films, aluminum oxide films, and tita-
nium oxide films.

[0158] Examples of nitride films are silicon nitride films,
aluminum nitride films, and titanium nitride films.

[0159] An example of an impurity diffusion layer is the
distribution of a high concentration of boron into a silicon
substrate surface.

[0160] Examples of metal films are aluminum, gold, plati-
num, stainless steel, copper, nickel, chromium, titanium,
germanium, and silicon germanium.

[0161] Examples of the resin films are polyimide, poly-
ethylene, vinyl chloride, polypropylene, polycarbonate,
acrylic, and polyethylene terephthalate.

[0162] The thickness of the film provided on the substrate
surface is not specifically limited, and may range from 100
nm to 5 micrometers, for example. It desirably falls within
a range of from 300 nm to 1 micrometer.

[0163] When the substrate is made of silicon, the type of
film provided on the substrate surface is desirably an oxide
film, nitride film, or impurity diffusion layer from the
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perspective of being able to apply current mainstream inte-
grated circuit fabrication technology as is and in terms of
mass production properties, cost reduction, and reliability.

[0164] When the substrate is made of silicon, the film
provided on the substrate surface is desirably a resin film
from the perspectives of the application of photolithography,
etching selection, and mass production properties.

[0165] When the substrate is made of silicon, the film
provided on the substrate surface is desirably made of metal
from the perspectives of the application of photolithography,
combination with sensors, film durability, and mass produc-
tion properties.

[0166] When the substrate is made of metal, the film
provided on the substrate surface is desirably made of metal
from the perspectives of etching selection and enhancing the
heat resistance and durability of the film.

[0167] When the substrate is made of metal, the film
provided on the substrate surface is desirably made of resin
from the perspectives of the application of photolithography,
etching selection, and the like.

[0168] When the substrate is made of metal, the film
provided on the substrate surface is desirably an oxide film,
nitride film, or the like from the perspectives of ease of film
formation and durability and adhesion of the film.

[0169] When the substrate is made of resin, the film
provided on the substrate surface is desirably made of resin
from the perspectives of cost reduction and the ability to use
various known forming and processing techniques in manu-
facturing.

[0170] When the substrate is made of resin, the film
provided on the substrate surface is desirably made of metal
from the perspectives of the functionality, processability,
and durability of the film.

The Method for Manufacturing a Microwell Array Chip

[0171] The microwell array chip of Aspect I can be
manufactured by the following methods, for example:
[0172] The method for manufacturing a microwell array
chip of Aspect Il of the present invention comprising the
steps of:

[0173] forming a film on at least one principal surface
of a substrate;

[0174] applying a resist coating on the film that has
been formed;

[0175] exposing the resist surface through a mask hav-
ing a microwell pattern and removing uncured portions
of resist;

[0176] etching the exposed portions of said film and
substrate to fabricate wells in the form of a microwell
array; and

[0177] removing the resist.

[0178] The case where the substrate is made of silicon will
be described below.

[0179] (1) A thin film of oxide or the like is formed by a
method such as hot CVD or CVD on the surface of a silicon
substrate that has been washed.

[0180] (2) Resist is coated on the thin film that has been
formed.
[0181] (3) The resist surface is exposed through a mask

having a microwell pattern and the uncured portion of the
resist is removed. That is, a microwell pattern is formed on
a thin film by photolithography, and the silicon surface is
exposed.
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[0182] (4) The exposed portions of the film and substrate
are etched to form wells in the form of a microwell array.
The etching can be performed with, for example, an alkali
etching solution (for example, TMAH: tetramethyl ammo-
nium hydride). In this process, etching advances in the
direction of depth of the substrate and beneath the thin film.
When etching is conducted for longer than the prescribed
time, a lip-shaped protrusion of thin film is formed in the
opening of the microwell formed in the silicon substrate.
[0183] (5) The resist is removed to obtain the microwell
array chip of Aspect II.

[0184] The case where the substrate is made of metal will
be described next.

[0185] (1) A thin film of resin, or a thin film of metal
having etching selectivity with the substrate, is formed on
the surface of a washed metal substrate, or the surface of the
metal substrate is subjected to an oxidation or nitridation
treatment to form a thin film.

[0186] (2) Photoresist is coated on the thin film that has
been formed.
[0187] (3) The surface of the photoresist is exposed

through a photomask having a microwell pattern and the
uncured portion of the photoresist is removed. That is,
photolithography is used to form a microwell pattern in the
thin film, exposing the substrate surface.

[0188] (4) A method such as etching the exposed portions
of the substrate is used to form wells in the form of a
microwell array. The etching means employed is suitably
selected.

[0189] (5) When etching toward the bottom is continued,
the area to the sides directly beneath the thin film is also
etched somewhat, forming a lip structure.

[0190] (6) When the photoresist is removed, the microwell
array chip of Aspect II is obtained.

[0191] The case where the substrate is made of resin will
be described next.

[0192] (1) A thin film of resin or metal is formed on a
washed resin substrate, or the resin surface is modified to
enhance durability or the like. The modification may be
accomplished by UV processing, introduction of a modify-
ing material, or the like.

[0193] (2) Photoresist is coated on the thin film that has
been formed.
[0194] (3) The photoresist surface is exposed through a

photomask having a microwell pattern and uncured portions
of the photoresist are removed. That is, a microwell pattern
is formed on the thin film by photolithography and the
substrate surface is exposed.

[0195] (4) Wells are formed in microwell array form by a
method such as dissolving portions of the exposed substrate.
At this time, the solution used for etching is suitably
selected. Alternatively, if the substrate itself can be subjected
to photolithography, for example, it can be exposed to UV
radiation using a mask in the form of a metal thin film in a
microwell pattern and the exposed portions removed. At this
time, the depth of the wells can be controlled by the level of
UV exposure.

[0196] (5) Here, when dissolving toward the bottom is
continued, the area to the sides directly beneath the thin film
is also etched somewhat, forming a lip structure.

[0197] (6) When the photoresist is removed, the microwell
array chip of Aspect II is obtained.

[0198] The case where an oxide film is provided on the
surface of a silicon substrate will be described next.
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[0199] (1) An oxide film (silicon oxide film or the like) is
formed by a method such as hot oxidation, hot CVD, or
plasma CVD on a washed silicon substrate.

[0200] (2) Photoresist is coated on the thin film that has
been formed.
[0201] (3) The photoresist surface is exposed to UV

through a mask having a microwell pattern and the uncured
portions of the photoresist are removed. That is, photoli-
thography is used to form a microwell pattern on the thin
film, exposing the silicon surface. The photoresist is
removed.

[0202] (4) Wells are formed in microwell array form by
etching the exposed portion of the substrate. For example,
etching can be conducted with an alkali etching solution (for
example, TMAH: tetramethyl ammonium hydride). When
etching is continued in the direction of thickness of the
substrate, etching also continues in the area to the sides
directly beneath the thin film. When etching is conducted for
a period exceeding the conventional period, eave-shaped
protrusions of thin film are formed in the entrances to the
microwells that have been formed on the silicon plate.

[0203] (5) A microwell array chip of Aspect II is thus
obtained.
[0204] The case where a metal thin film is provided on the

surface of a silicon substrate will be described next.
[0205] (1) A metal thin film is formed on a silicon sub-
strate by CVD, resistive hot vapor deposition, sputtering
vapor deposition, e-beam vapor deposition, or the like.

[0206] (2) Photoresist is coated on the thin film that has
been formed.
[0207] (3) The photoresist surface is exposed to UV

through a mask having a microwell pattern and the uncured
portions of photoresist are removed. That is, photolithogra-
phy is used to form a microwell pattern on the thin film,
exposing the silicon surface. At this time, the method of
etching the thin film to form the pattern is suitably selected.
For example, for aluminum, a mixed acid of phosphoric
acid, nitric acid, acetic acid, and water may be employed.
When necessary, the photoresist may be removed.

[0208] (4) Wells are formed in microwell array form by
etching the exposed portions of the substrate. Etching can be
conducted with an alkali etching solution, for example. The
etching solution is suitably selected. For example, when
fabricating a structure based on an aluminum thin film, an
etching solution that etches silicon but not aluminum (for
example, hydrazine hydrate is selected; hydrazine does not
corrode most metals) is employed. When the etching is
conducted in the direction of thickness of the substrate, it
also proceeds to the sides directly beneath the thin film.
When etching is conducted beyond the prescribed period,
eave-shaped protrusions of thin film are formed in the
entrances to the microwells formed on the silicon substrate.

[0209] (5) A microwell array chip of Aspect II is thus
obtained.
[0210] The case where a resin thin film is provided on the

surface of a silicon substrate will be described next.

[0211] (1) A resin thin film is formed by CVD, coating,
dipping, or a similar method on a washed silicon substrate.
[0212] (2) Photoresist is coated on the thin film that has
been formed. The photoresist surface is exposed to UV
radiation through a mask having a microwell pattern and the
uncured portions of the photoresist are removed. That is,
photolithography is employed to form a microwell pattern
on the thin film, exposing the silicon surface. At this time,
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the method used to remove the resin thin film to form the
pattern is suitably selected. For example, when employing a
photosensitive polyimide thin film, the pattern can be
formed directly in the resin thin film that has been coated, so
the photoresist application step can be omitted and the resin
thin film processed by exposure alone.

[0213] (3) The exposed portions of the substrate are etched
to form wells of microwell array form. The etching can be
conducted, for example, with an alkali etching solution. The
etching solution is suitably selected. For example, for a
polyimide thin film, hydrazine hydrate or ethylene diamine
pyrocatechol can be selected. At this time, when etching is
conducted in the direction of thickness of the substrate,
etching continues to the sides directly beneath the thin film.
When etching is conducted beyond the prescribed period,
eave-shaped protrusions of thin film are formed in the
entrances to the microwells formed in the silicon substrate.
[0214] (4) This yields a microwell array chip of Aspect II.
[0215] The case where a silicon nitride film is provided on
the surface of a silicon substrate will be described next.
[0216] (1) A silicon nitride thin film is formed by CVD,
sputtering vapor deposition, or the like on a washed silicon
substrate.

[0217] (2) Photoresist is coated on the thin film that has
been formed.
[0218] (3) The photoresist surface is exposed to UV

through a mask having a microwell pattern and the uncured
portions of photoresist are removed. That is, photolithogra-
phy is used to form a microwell pattern on the thin film,
exposing the silicon surface. The photoresist is removed.
[0219] (4) Wells are formed in microwell array form by
etching the exposed portions of the substrate. For example,
an alkali etching solution (for example, TMAH: tetramethyl
ammonium hydride) is employed in etching. At this time,
when etching is conducted in the direction of thickness of
the substrate, etching continues to the sides directly beneath
the thin film. Here, when etching is conducted beyond the
prescribed period, eave-shaped protrusions of thin film are
formed in the entrances to the microwells formed on the
silicon substrate.

[0220] (5) This yields a microwell array chip of Aspect II.
[0221] The case in which an impurity diffusion layer is
provided on a silicon substrate will be described next.
[0222] (1) Photoresist is coated on a washed silicon sub-
strate. The photoresist surface is exposed to UV through a
mask having a microwell pattern and the uncured portions of
the photoresist are removed. That is, photolithography is
used to form a microwell pattern on the thin film, exposing
the silicon surface everywhere but in well pattern portions.
[0223] (2) The substrate is washed and a high concentra-
tion of boron (about 10*°/cm?) is diffused into the exposed
portions of silicon by hot diffusion, ion implantation, or the
like. A diffusion source other than boron, such as germanium
or silicon germanium, may also be employed. The thickness
of the diffusion layer can be controlled by a heat treatment
(drive-in) to achieve deep diffusion. In this process, oxygen
is introduced into a heat treatment furnace to form a silicon
oxide film on the surface.

[0224] (3) Well etching can be conducted with, for
example, an alkali etching solution (such as TMAH: tetram-
ethyl ammonium hydride). At this time, the silicon surface
into which boron has not diffused etches readily, while the
silicon surface where boron has been diffused to high
concentration tends not to etch. Thus, etching can proceed
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selectively in well pattern portions where boron has diffused.
When etching is performed in the direction of thickness of
the substrate, the etching proceeds to the sides directly
beneath the thin film. When etching is conducted beyond the
prescribed time, lip-shaped protrusions are formed in the
entrances to the microwells formed on the silicon substrate.
[0225] (4) This yields a microwell array chip of Aspect II.
[0226] The microwell array chip of Aspect Il may also
have hydrophobic regions provided in such a manner as to
surround the multiple microwells on the principal surface
having multiple microwells. The specific details of these
regions are as described for Aspect I above.

[Aspect III]

[0227]
below.

Aspect III of the present invention is described

The Microwell Array Chip

[0228] The microwell array chip of Aspect III of the
present invention is a microwell array chip made of silicon
and having multiple microwells, each microwell being used
to store a single specimen organic cell, wherein each
microwell is of a size and shape capable of holding just one
organic cell.

[0229] The above specimen organic cell can be a lympho-
cyte, for example. The microwell array chip of the present
invention can be used to detect individual antigen-specific
lymphocytes.

[0230] Neither the size nor the shape of the microwells is
specifically limited. However, for example, the shape of the
microwell can be cylindrical. It can also be noncylindrical,
such as a polyhedron comprised of multiple faces (for
example, a parallelepiped, hexagonal column, or octagonal
column), an inverted cone, an inverted pyramid (inverted
triangular pyramid, inverted square pyramid, inverted pen-
tagonal pyramid, inverted hexagonal pyramid, or an inverted
polygonal pyramid with seven or more angles), or have a
shape combining two or more of these shapes. For example,
it may be partly cylindrical, with the remainder having the
shape of an inverted cone. In the case of an inverted conical
or an inverted pyramidal shape, the mouth of the microwell
is on the bottom. However, the shape may be one in which
a portion of the top of an inverted cone or inverted pyramid
is cut off (in which case the bottom of the microwell is flat).
For conical and parallelepiped shapes, the bottom of the
microwell is normally flat, but curved surfaces (convex or
concave) are also possible. The reason the bottom of the
microwell is made curved is the same as for shapes con-
sisting of an inverted cone or inverted pyramid with a
portion of the top cut off.

[0231] The shape and size of the microwell are suitably
determined in consideration of the type of organic cell
(shape, size, and the like of the organic cell) to be stored in
the microwell so that a single organic cell will be contained
per microwell.

[0232] To ensure that a single organic cell will be con-
tained per microwell, for example, the diameter of the
largest circle that can be inscribed in the planar shape of the
microwell suitably falls within a range of 0.5 to 2-fold,
desirably 0.8 to 1.9-fold, and preferably, 0.8 to 1.8-fold the
diameter of the organic cell to be contained in the microwell.
[0233] Further, the depth of the microwell suitably falls
within a range of 0.5 to 4-fold, desirably 0.8 to 1.9-fold, and
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preferably, 0.8 to 1.8-fold the diameter of the organic cell to
be contained in the microwell.

[0234] For a cylindrically-shaped microwell, the dimen-
sions can be, for example, a diameter of 3 to 100 microme-
ters. When the organic cell is a B lymphocyte, the diameter
is desirably 4 to 15 micrometers. Further, the depth can be
from 3 to 100 micrometers, and in the case where the organic
cell is a B lymphocyte, the depth is desirably 4 to 40
micrometers. However, the dimensions of the microwell, as
set forth above, can be suitably determined in consideration
of a desirable ratio of the diameter of the organic cell to be
contained in the microwell to the dimensions of the microw-
ell.

[0235] The number of microwells present in a single
microwell array chip is not specifically limited. However,
when the organic cell is a lymphocyte and the frequency of
a given antigen-specific lymphocyte per 10° cells is from 1
to about 500 at the high end, the number of microwells can
range from about 2,000 to 1,000,000 per cm?, for example.
[0236] As in Aspects [ and II, the shape of the surface of
the inner wall of the microwell in Aspect III is desirably
smooth so as to permit smooth removal of cells. The specific
details are as described for Aspect I.

[0237] The microwell array chip of Aspect III of the
present invention is made of silicon. The use of silicon
permits the application as is of the silicon processing tech-
niques that are the mainstream of current semiconductor
integrated circuit manufacturing techniques. In particular,
silicon is better than other materials in terms of its micro-
manufacturing properties, mass production properties, and
future integration with analysis circuits, including sensors.
[0238] Since the microwell array chip of Aspect III is
made of silicon, the fact that a film of silicon oxide covers
the substrate surface is desirable from the perspectives of the
hydrophilic property of the chip surface, the stability of the
film, and mass production properties. A silicon surface is
normally hydrophobic, having the property of repelling cell
suspension solution during planting of the cell suspension
solution and sometimes impeding the storage of organic
cells in the microwells. Accordingly, a silicon oxide film is
desirable from the perspectives of having a greater hydro-
philic property than silicon and affording film stability.
[0239] In the microwell array chip of Aspect 111, the inner
surface of the microwells is desirably covered with a fluo-
rocarbon film or silicon oxide film. Forming an inert,
exclusive surface such as a fluorocarbon film or silicon
oxide film on the inner surface of the microwells is desirable
in that it prevents adhesion of the organic cell and facilitates
recovery of the organic cell from the microwell.

[0240] That is, when handling organic cells in microwells,
adhesion of the organic cells to the interior of the microwells
is a problem. In particular, the adhesion of organic cells
when attempting to recover organic cells within microwells
from the microwells is a considerable problem. To solve this
problem, in the present invention, a film such as a fluoro-
carbon film or silicon oxide film is desirably formed in wells
that contact organic cells.

[0241] Fluorocarbon films are water-repellent films. A
water-repellent film is desirably formed only within the
wells; the formation of a silicon oxide film (silicon oxide
film) such as that set forth above is desirable on surfaces
other than the wells of the microwell array chip. Further,
although silicon oxide films do not exhibit a water-repellent
property such as that of fluorocarbon films, they have an
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effect in preventing the adhesion of organic cells. In par-
ticular, silicon oxide films formed by high-temperature
oxidation with dry oxygen are dense. Although they do not
have water repellency to the degree of beading water like
fluorocarbon films, they have a property that is between a
hydrophilic and a hydrophobic property. Since organic cells
are normally handled by dispersion in solution, when the
microwell array chip as a whole has a water-repellent or
hydrophobic surface, it tends to be difficult to store organic
cells in the wells. Thus, in the present invention, surfaces
other than well surfaces are desirably coated with silicon
oxide films, and fluorocarbon films or silicon oxide films are
desirably selectively formed just in the wells.

[0242] When forming a fluorocarbon film by the usual
surface processing methods, the film is formed after the well
has been fabricated. Thus, the entire substrate ends up being
covered by the fluorocarbon film, becoming a water-repel-
lent surface. Accordingly, the following method is employed
in the present invention. This method will be described for
the example of a microwell array chip employing a silicon
substrate.

[0243] A microwell pattern is formed by photolithography
on a silicon substrate. The photoresist hardening tempera-
ture is not greater than 100° C. Next, a dry etching vacuum
device is employed to form the microwells. Once the fab-
rication of the microwells has been confirmed, a CF-based
gas is introduced into the vacuum device and plasma CVD
is conducted. The plasma CVD can be conducted using the
etching device as is, or in the CVD device of a separate body
of'equipment. After forming the film for several minutes, the
substrate is removed from the vacuum device and immersed
in an organic solvent such as methanol or acetone. This lifts
off both the microwell pattern mask and the fluorocarbon
film on it, leaving a fluorocarbon film only on the inner wall
of the microwell. The etching and film forming steps can be
conducted in the same device by simply changing the type
of gas employed.

[0244] Instead of a fluorocarbon film, the inner surface of
the wells can be coated with a silicon oxide film, as set forth
above. An improved effect on the recovery rate of organic
cells from the wells can be achieved even when the inner
surface of the wells is covered with a silicon oxide film
instead of a fluorocarbon film.

[0245] The method of covering the inner surface of the
wells with a silicon oxide film will be described below.
[0246] In this case, a well pattern is formed, the photore-
sist is removed, and a hot oxide film or the like is formed to
obtain a microwell array chip in which the inner surface of
the wells is coated with a silicon oxide film.

[0247] Tt is also possible to obtain a microwell array chip
in which adhesion of organic cells to the inner surface of the
wells is prevented by forming porous silicon inside the wells
instead of a fluorocarbon film or silicon oxide film. Porous
silicon can be produced by a method such as anodizing the
inner surface of the wells.

[0248] In addition to fluorocarbon films, silicon oxide
films, and porous silicon, the microwell array chip of the
present invention can be treated, or a film can be formed, to
inhibit active silicon surfaces.

[0249] In the microwell array chip of Aspect 111, hydro-
phobic regions can be provided in a manner surrounding
multiple microwells on a surface having multiple microw-
ells. The specific details of these hydrophobic regions are as
set forth above in Aspect 1. Further, in the microwell array
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chip of Aspect III as set forth above, such regions may also
be coated with a fluorocarbon film to form hydrophobic
regions in the course of coating the inner surface of the
microwells with a fluorocarbon film.

EMBODIMENTS
Embodiment 1
(Fluorescent Marker)

[0250] FIG. 1 is an example of a Aspect of implementing
the device of Aspect I of the present invention.

[0251] FIG. 1 shows a microwell array chip in which
multiple microwells 15 have been formed on a substrate
surface 1a of silicon material. Microwells 16 form clusters
1¢ of suitable numbers of units (for example, 10x10=100) to
facilitate position identification. One use of the present
microwell array chip is the introduction of a cell to which a
fluorescent substance has been added into each well for
evaluation, and the determination of fluorescent emission. In
this process, those cells not emitting fluorescence cannot be
observed because observation by fluorescence microscope
or fluorescence scanner is conducted with specifications
based on the wavelength of fluorescence. Accordingly, as
shown in FIG. 1, a minute marker 1d of a fluorescent
substance is formed between the individual clusters.
[0252] The method of manufacturing these markers is
given below (FIG. 2).

[0253] Two methods of manufacturing microwells in
which markers are formed on a substrate of a silicon material
or the like will be described.

Marker Manufacturing Method (I)

[0254] (1) Novolak resin-based positive photoresist
OFPR-800 made by Tokyo Ohka Kogyo (K.K.), for
example, is coated on a silicon substrate 256 (FIG. 2(I)(A))
having a silicon oxide film 24, and a marker pattern 2¢ is
formed on the substrate (FIG. 2(I)(B)).

[0255] (2) The substrate is hardened for 30 minutes at 180°
C. and otherwise processed to enhance the chemical resis-
tance of the photoresist by hot crosslinking and the like.
[0256] (3) Photoresist 2d is again applied to form an
opening pattern 2e required for manufacturing microwells
on silicon substrate 25 (FIGS. 2(I)(C) and (D)). At this time,
hardening following development is conducted at a low
temperature of from about 100 to 110° C.

[0257] (4) Hydrofluoric acid is used to remove the silicon
oxide film 2a in opening portions, exposing the silicon.
[0258] (5) Dry etching is then employed to etch silicon
substrate 25, producing microwells 2/ (FIG. 2(I)(E)).
[0259] (6) The photoresist 2d applied in (3) is removed
with methanol, acetone, or the like, yielding a microwell
array chip of Aspect I (FIG. 2(D)(F)).

Marker Manufacturing Method (1)

[0260] (1) Novolak resin-based positive photoresist
OFPR-800 made by Tokyo Ohka Kogyo (K.K.), for
example, is coated on a silicon substrate 256 (FIG. 2(I)(A))
having a silicon oxide film 24, and a marker pattern 2¢ is
formed on the substrate (FIG. 2(I)(B)).

[0261] (2) The substrate is annealed for 30 minutes at 180°
C. and otherwise processed to enhance the chemical resis-
tance of the photoresist by hot crosslinking and the like.
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[0262] (3) Photoresist 2d is again applied to form an
opening pattern 2e required for manufacturing microwells
on silicon substrate 25 (FIGS. 2(I[)(C) and (D)). At this time,
heat treatment following development is conducted at a low
temperature of from about 100 to 110° C.

[0263] (4) Hydrofluoric acid is used to remove the silicon
oxide film 2a in opening portions, exposing the silicon (FIG.
2(ID(E)).

[0264] (5) The photoresist forming the well pattern is then
removed with an organic solvent such as acetone.

[0265] (6) Using silicon oxide film 2a on silicon substrate
2b as a mask, a method such as dry etching is used to etch
silicon substrate 25 and form microwells 2, thereby yielding
a microwell array chip of Aspect I (FIG. 2(ID)(F)).

[0266] Based on marker manufacturing method (II), in the
course of removing the photoresist after well formation, the
photoresist does not denature and become difficult to remove
in the dry etching step. Further, the silicon substrate surface
that is formed yields an ultrahydrophilic surface due to a
plasma effect.

[0267] The above steps readily produce a shape such as
that shown in FIG. 2. The pattern of marker 2¢ may be freely
selected from among designs, codes, characters, and the like.
It is also possible to display information other than markers
on the microchip.

Embodiment 2

(Reflective Marker)

[0268] FIG. 3 is an implementation Aspect of a reflective
marker 3d that is observable by observing scattered light
with a fluorescence microscope or fluorescence scanner by
forming dips and rises on silicon substrate 3a. It is used as
a marker for identifying the positions of clusters of multiple
microwells 36 arrayed on silicon substrate 3a. By forming
indentation 3e by etching or the like on the substrate and
directing a fluorescence excitation beam to an observation
device by means of irregular reflection, it is possible to
identify the position of the indentation.

[0269] FIG. 4 shows the principle involved. For the sur-
face of a substrate 4a without anything, such as the dips or
rises shown on the left side of the figure, no excitation light
enters the observation device due to full reflection. However,
when the indentations on the right side scatter the excitation
beam radially, reflected light enters the optical system of the
observation device and can be identified.

[0270] From the perspective of radially scattering an exci-
tation beam, the bottom of indentation 45 is desirably an
inverted pyramid.

[0271] An example of manufacturing a microwell array
chip with reflection markers will be described for the case of
a silicon substrate based on FIGS. 5 and 6.

[0272] (1) Novolak resin-based positive photoresist
OFPR-800 (5¢) made by Tokyo Ohka Kogyo (K.K.), for
example, is coated on a silicon substrate 56 (FIG. 5(A))
having a silicon oxide film 5a, and a marker pattern 54 is
formed on the substrate (FIG. 5(B)).

[0273] (2) Hydrofluoric acid is used to remove silicon
oxide film 5a having openings from photoresist 5¢, exposing
the silicon (FIG. 5(C)).

[0274] (3) Photoresist 5¢ is removed, silicon substrate 554
is immersed in an alkali etchant such as tetramethyl ammo-
nium hydroxide or potassium hydroxide to conduct aniso-
tropic etching, forming indentation structure 5e (FIG. 5(D)).
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At this point, the markers of the present invention are
complete. Subsequently, the microwell array structure is
fabricated.

[0275] (4) As necessary, a thin layer mask of silicon oxide
film or silicon nitride film may be again formed on the
surface of substrate 56 (FIG. 6(A)).

[0276] (5) Photoresist 5/ is again applied (FIG. 6(B)) to
form a microwell pattern 5g and the silicon oxide film or
nitride oxide film of the hole portions is removed with an
etchant, exposing the silicon (FIG. 6(C)).

[0277] (6) As necessary, photoresist 5fis removed and dry
or wet etching is employed to form microwell 5/ (FIG.
6(D)).

[0278] (7) As necessary, photoresist 5/ is removed to

obtain a microwell array chip of Aspect I (FIG. 6(E)).

Embodiment 3 (A Lip-Structure Embodiment)

[0279] FIG. 7 shows a microwell structure fabricated
based on Aspect Il of the present invention.

[0280] The present structure can be achieved by selecting
an upper thin film of a material that is easy to process with
a semiconductor substrate, resin substrate, or the like. The
microwells 13 that are formed on the surface of (100)
surface silicon substrate 11 measure from several microme-
ters to several tens of micrometers in both opening diameter
and depth. The surface on which no wells are formed is
covered with a thin film layer 12' in the form of an oxide
film, metal film, or the like. The substrate is etched to form
well openings 13, in which are found eave-shaped protru-
sions 14 of thin film layer 12'. The thickness of thin film
layer 12' is controlled to from several hundred nanometers to
several micrometers during formation. Eave-shaped protru-
sions 14 formed of thin film layer 12' are achieved by an
etching method in which thin film layer 12' is etched little
during the formation by etching of microwells 13, and
etching of the substrate is conducted to the bottom of thin
film layer 12'.

[0281] In the present embodiment, the manufacturing
steps in FIG. 9 will be described using silicon, a typical
semiconductor substrate, as an example.

[0282] (1) A (100) silicon substrate 11 is hot oxidized to
form a thin film layer 12 of roughly several micrometers on
the surface (FIG. 9(A)).

[0283] (2) A photolithography step is employed to transfer
well pattern 15 to silicon substrate 11, exposing silicon in
just the well portions (FIG. 9(B)).

[0284] (3) The silicon is etched by immersion for several
tens of minutes in tetramethyl ammonium hydroxide aque-
ous solution (90° C., 25 percent). The etching time is
determined based on the depth d of the desired well and the
size w of the eave (FIG. 8(B)).

[0285] (4) After the specified etching time has elapsed, the
silicon substrate is removed from the etching solution.
[0286] The structure of FIG. 9(C) can be formed by the
above steps. The tetramethyl ammonium hydroxide aqueous
solution employed here permits a hollow structure beneath
the oxide film because the oxide film etches slowly and
etching progresses in the lateral direction of the wells.
[0287] The microwell array chip of Aspect Il may also
have the structures shown in FIGS. 9(D) and (E). An array
chip having microwells of the structures shown in FIGS.
9(D) and (E) can be formed by varying the above method as
follows.
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[0288] Forexample, when selecting a silicon substrate, the
structure of FIG. 9(D) can be achieved by RIE dry etching
and suitably selecting a substrate surface orientation and
well pattern. For example, face (100), (110), or (111) is
selected as the substrate face orientation and a pattern shape
that will cause an etching face to appear that is perpendicular
to the substrate surface can be selected. The structure of FIG.
9(E) can be achieved by an etching method with isotropic
etching characteristics. For example, in common dry etching
and etching with a mixed solution of hydrofluoric acid and
nitric acid, the silicon etches isotropically, readily yielding
the structure of Aspect II of the present invention.

[0289] The thin film layer is not limited to an oxide film.
A switch to high impurity concentration diffused silicon,
germanium, silicon germanium, metal thin films, resins, and
the like is also possible. Either wet etching or dry etching
may be employed. Since wet etching permits the processing
of substrates in batches, it affords good mass production
efficiency.

[0290] An evaluation was made of the microwell array
chip array rates (fill rates) when the various dimensions
(shown in FIG. 10) of microwell array chips obtained by the
above-described method were varied as indicated in Table 1.
The results are given in Table 1. The concentration of the
cells planted was 10° cells/microliter.

Cell Array Rate (Fill Rate) Evaluation Method

[0291] 1. Lymphocytes were collected from mice. The
concentration of the cells obtained was 10* to 10° cells/
microliter. The cells were placed in Hank’s balanced salt
solution (HBSS) for storage.

[0292] 2. Each of the cells was fluorescently stained. Each
cell was stained with CellTracker Orange, which emitted
fluorescence at the excitation wavelength (532 nm) of the
fluorescence scanner employed in measurement.

[0293] 3. The stained cells were planted on the silicon chip
with a micropipette. The planting was repeated three times
and cells that had not entered wells were finally washed off.
[0294] 4. The chip was covered with a glass slide to
prevent drying out, and the fluorescent intensity was read
with a microarray scanner.

[0295] 5. A total of 4,500 wells on the chip were selected
and the number of wells emitting fluorescence was counted.
The array rate (fill rate) was calculated by the following
equation.

Array rate (fill rate)=(number of wells emitting fluo-
rescence/4,500)x100

TABLE 1

Jan. 17, 2008

B was worse than that of sample A. This was attributed to the
excessively large opening diameter 27 of sample B.

[0297] The array (fill) rate increased with the depth of the
well, but with a large opening such as that of sample B, the
array (fill) rate tended to decrease. Accordingly, the design
of the well must suitably take into account the depth,
opening diameter, and eave dimension of the well.

Embodiment 4

(An Embodiment of Fluorocarbon Film Formation)

[0298] FIG. 11 is a schematic drawing descriptive of a
microwell array chip relating to Aspect III of the present
invention.

[0299] Multiple microwell patterns 215 are arranged on
the surface of silicon substrate 21a. The size of each
microwell 215 is from several micrometers to several tens of
micrometers. A fluorocarbon film 21¢ was formed with a
CxFy-based gas on the sidewall of each well formed, and a
surface energy reducing effect created an inert state. Fluo-
rocarbon film 21¢, which exhibited a hydrophobic property,
was selectively formed within the microwells, but was not
present on the outermost surface 21d of the silicon. The
organic cell entering microwell 215 tended not to readily
adhere. The effect of providing a fluorocarbon film inside the
microwells was particularly marked when the microwell was
deep.

[0300] FIG. 12 shows the steps of manufacturing a
microwell array chip employing a silicon substrate.

[0301] (1) Novolak resin-based positive photoresist
OFPR-800 (22¢) made by Tokyo Ohka Kogyo (K.K.), for
example, is coated on a silicon substrate 225 having a silicon
oxide film 22a, and a microwell pattern 224 is formed. At
this time, heat treatment following development is con-
ducted at a lower temperature (from about 100 to 110° C.)
than usual.

[0302] (2) Silicon substrate 2254 is etched by introducing a
silicon etching gas such as SF6 into a plasma dry etching
device to form microwells 22e.

[0303] (3) A CxFy-based gas is introduced into the same
etching device to conduct plasma film formation. At this
point, a fluorocarbon film 22f forms inside the wells and on
the silicon substrate surface. This step can also be conducted
by conveying the substrate into a plasma CVD device and
conducting the same processing.

[0304] (4) The substrate removed from the device is
immersed in an organic solvent such as methanol or acetone

Relation between sample eave and well dimensions and the array (fill) rate

Array
d P 2r W1 W2 (fill) rate
Sample A 9.2 13.0 12 0.5 2.7 about 73

micrometers micrometers micrometers micrometers micrometers percent

Sample B 11.8 16.7 13.9 14 5.0

about 24.9

micrometers micrometers micrometers micrometers micrometers percent

[0296] For samples A and B, changes in array (fill) rate
based on differences in eave and well dimensions were
examined. As a result, it was found that when the cell
diameter was 8 micrometers, the array (fill) rate of sample

to remove the photoresist. At this time, the fluorocarbon film
formed on the resist is also lifted off.

[0305] (5) A microwell array chip is obtained in which the
outermost surface of the silicon substrate is coated with a
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silicon oxide film 224 and the interior of the wells is coated
with an inert fluorocarbon film 22/

[0306] The array (fill) rate of a microwell array chip
obtained by the above-described method was evaluated by
the same method as in Embodiment 3. The collection rate
was evaluated by the following method. The results are
given in Table 2. Table 2 gives the evaluation results for a
microwell array chip in which a fluorocarbon film was
formed within the wells. The same well diameter and depth
were selected for all of the samples. The concentration of the
planted cells was 10° cells/microliter.

Collection Rate Evaluation Method

[0307] 1. Based on the above-described cell array rate
evaluation method, cells were planted in a microwell array.
[0308] 2. A random number of wells (about 10 to 30) were
selected and the cells were removed from the wells with a
micromanipulator. At that time, the removal was not con-
ducted aggressively; caution was exercised to employ the
same removal conditions for each well.

[0309] 3. For the randomly selected number of wells, the
ratio of the number of wells from which cells were success-
fully removed was denoted as the collection rate. Collection
rate=(number of wells from which cells successfully
removed)/number of wells randomly selected)x100

TABLE 2

Sample

A B C D E F

Array (fill) rate  99.4%  99.2%  99.2%  99.4%  99.3%  98.9%
Collection rate 0% 10% 6.7% 50% 30% 89.3%

Sample specifications: Well diameter: 11 micrometers, depth
30 micrometers

Samples A-C: No coating, etching time: 8 minutes
Samples D-F: Coating present, etching time: 8 minutes+
coating time: 1 minute

Embodiment 5

Manufacturing a Microwell Array Chip having an Oxide
Film (Silicon Oxide) in the Wells (See FIG. 13)

[0310] (1) Novolak resin-based positive photoresist
OFPR-800 made by Tokyo Ohka Kogyo (K.K.), for
example, is coated on a silicon substrate 235 having a silicon
oxide film 23a, and a microwell pattern 234 is formed.
[0311] (2) A silicon etching gas such as SF6 is introduced
into a plasma dry etching device to etch silicon substrate 235
and form microwells 23e.

[0312] (3) The photoresist on the substrate that has been
removed from the device is removed with a resist separating
solution such as a mixed solution of sulfuric acid and
hydrogen peroxide water.

[0313] (4) The substrate is ammonia washed (ammonia+
hydrogen peroxide water+water) with an RCA wash and
hydrochloric acid washed (hydrochloric acid+hydrogen per-
oxide water+water).

[0314] (5) The substrate is introduced into a heat treatment
furnace in a dry oxygen atmosphere and hot oxide treated for
30 minutes at 1100° C.

[0315] (6) After the temperature drops, the substrate is
removed from the heat treatment furnace.
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[0316] (7) This yields a microwell array chip with an oxide
film 23/ formed on the silicon substrate surface and in the
wells and an oxide film (silicon oxide) formed in the wells.

[0317] The array (fill) rate and collection rate of the
microwell array chip obtained by the above-described
method were evaluated by the same methods as set forth
above. The results are given in Table 3. The same well
diameter and depth were selected for all of the samples. The
concentration of cells planted was 10° cells/microliter.

TABLE 3

Sample

A B C D E F

Array (fill) rate  99.4%  99.2%  99.2%  91.6% 98.4%  98.5%
Collection rate 0% 10% 6.7% 45% 30%  55.6%

Sample specifications: Well diameter: 11 micrometers, depth
30 micrometers

Samples A-C: No oxide film, etching time: 8 minutes

Samples D-F: Oxide film present. Etching time: 8 minutes,
Oxidation temperature: 1,100° C., Oxidation atmosphere:
Dry oxygen, Oxidation time: 30 minutes, Oxidation film
thickness: 63 nm (on silicon crystal face (100))

Embodiment 6

(Smoothness Treatment)

[0318] In the manufacturing of Embodiment 4, the inner
walls of the microwell array chip were treated for smooth-
ness prior to formation of the fluorocarbon film. The
smoothness treatment was conducted using a Multiplex ASE
etching device made by STS Corporation and adjusting the
process cycle times of the etching step and protective film
formation step. In this manner, two types of microwell array
chips were manufactured: one having dips and rises 0.5
micrometer in height on the inner walls, and the other having
dips and rises 0.1 micrometer in height on the inner walls.
FIG. 17 is an enlarged photograph of microwells having dips
and rises 0.1 micrometer in height on the inner walls.

[0319] The collection rate of the microwell array chip
obtained by the above-described method was evaluated by
the same method as above. The results are given in Table 4.
The concentration of cells planted was 10° cell/microliter.
Immediately following planting, there was no great differ-
ence in the collection rates of the two chips. However, when
an hour had elapsed following planting, the collection rate of
the chip provided with dips and rises 0.5 micrometer in
height through a smoothing treatment dropped to O percent,
while the chip provided with dips and rises 0.1 micrometer
in height through a smoothing treatment more or less
maintained the collection rate it had immediately after
planting. This indicated that the smaller the height of the
dips and rises on the inner walls, the greater the prevention
of adhesion of cells to the wells with the passage of time.
Further, smoothing of the inner walls was thought to allow
the coating of Embodiment 4 to function efficiently.
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TABLE 4
Dip and rise height 0.5 Dip and rise height 0.1
micrometer micrometer
Collection rate 80% 100%
immediately following
planting
Collection rate one hour 0% 90%
after planting

Embodiment 7

(Formation of Protrusions in Openings)

[0320] Inthe manufacturing of Embodiment 4, protrusions
0.6 micrometer in height were formed in the openings of the
microwells. Using a Multiplex ASE etching device made by
STS Corporation, the process cycle time of the device was
extended during initial etching to form protrusions of
desired height. Following the formation of protrusions, the
process cycle time was adjusted to manufacture microwells
having protrusions only in the openings. FIG. 18 is an
enlarged photograph of microwells in which protrusions
have been formed in the openings.

[0321] Following manufacturing of the microwells, it is
possible to form a fluorocarbon film on the inner walls.
Protrusions can be formed at any position. The process cycle
time can be adjusted at a position where the formation of a
protrusion is desired to make a protrusion in the middle of
the well, on the bottom of the well, or anywhere else.
Suitable selection of the shape and number of protrusions
can be anticipated to yield a variety of effects.

INDUSTRIAL APPLICABILITY

[0322] In the microwell array chip of Aspect I of the
present invention, markers in the form of a fluorescent
substance, reflective structures, or the like are present at
targeted locations. These markers function to identify posi-
tions, thereby facilitating the identification of positions by
fluorescence microscope. In the microwell array chip of
Aspect I, microwell positions can be readily determined by
fluorescence microscope, image scanner, or the like. As a
result, a single specific specimen of an organic cell stored in
an individual microwell—for example, an antigen-specific
lymphocyte—can be readily specified. As a result, it is
possible to remove an antigen-specific lymphocyte that has
been detected and clone the antigen-specific antibody gene
or T cell receptor gene. For example, once it is possible to
clone an antigen-specific antibody gene, it can be used to
produce large quantities of human monoclonal antibody. It is
thought that by administering this antibody to a human
patient with an infectious disease, it is possible to treat and
prevent the infectious disease. Further, by using the microw-
ell array chip of Aspect [, it is also possible to distinguish
blood cells. That is, by setting the microwells to a prescribed
diameter, it is possible to separate blood cells into those
exceeding and those falling below the microwell diameter.
[0323] Based on Aspect II of the present invention, since
a cell that has entered a well catches on the protrusion (eave)
at the top of the well, it can be retained in the well with high
probability and not flow to the exterior of the well during
washing. For example, when the well has an inverted
pyramid structure, the formation of a lip changes the distri-
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bution of fluid on the chip surface and within the well. Thus,
a cell that has already entered can be prevented from flowing
out with the liquid during washing. Still further, even when
a cell that has entered a well begins to move toward the
exterior of the well, it catches on the eave and tends to
remain within the well.

[0324] Further, when removing a cell that has entered a
well, careful design of the shape of the well can prevent the
generation of a vacuum between the cell and the well surface
during suction. That is, when the well is imparted with the
shape of an inverted pyramid, the ridgelines function to
relieve pressure so that during aspiration of the cell, no
vacuum forms between the well and the cell, permitting
ready collection of the cell.

[0325] In the microwell array chip of Aspect III of the
present invention, each microwell can contain just one
specimen organic cell, such as a lymphocyte. Thus, for
example, it is possible to specify antigen-specific lympho-
cytes at the individual cell level. That is, by using the
microwell array chip of Aspect III in the detection of
antigen-specific lymphocytes, since only one specimen lym-
phocyte is contained in a given microwell, it is possible to
specify a single cell in the form of a specimen lymphocyte
reacting with the antigen.

[0326] As a result, for example, an antigen-specific lym-
phocyte that has been detected can be removed and the
antigen-specific antibody gene or T cell receptor gene can be
cloned. For example, once it is possible to clone the antigen-
specific antibody gene, it can be used to produce large
amounts of human monoclonal antibody. It is thought that
this antibody can then be administered to patients with an
infectious disease or the like to treat and prevent the infec-
tious disease or the like.

1. A microwell array chip having multiple microwells on
a principal surface of a substrate, said microwells being of
a shape and size permitting the storage of only a single
organic cell in each microwell,

wherein microwell markers are present on the same

substrate surface as the openings of the microwells.

2. The microwell array chip according to claim 1, wherein
said multiple microwells are arranged horizontally and ver-
tically at identical spacing and markers are provided at a
prescribed number of microwells.

3. The microwell array chip according to claim 1, wherein
said multiple microwells are positioned on a principal sur-
face of the substrate by being divided into groups each
comprising a prescribed number of microwells and markers
are provided in a manner permitting determination of the
position of each group.

4. The microwell array chip according to claim 3, wherein
the number of microwells in each group falls within a range
of from 10 to 10,000.

5. The microwell array chip according to claim 1, wherein
said marker is comprised of a fluorescent material or a
reflective material.

6. The microwell array chip according to claim 1, wherein
said marker is a positioning marker.

7. The microwell array chip according to claim 1, wherein
said substrate is made of silicon, metal, or resin.

8. The microwell array chip according to claim 1, wherein
the shape of said microwells is cylindrical, polyhedral
comprised of multiple surfaces, inversely conical, inversely
pyramidal, or a combination of two or more of the above.
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9. The microwell array chip according to claim 1, wherein
the diameter of the largest circle that can be inscribed within
the planar shape of the microwells falls within a range of
from 0.5 to 2-fold the diameter of the organic cell that is to
be contained in the microwells, and the depth of the microw-
ells falls within a range of from 0.5 to 4-fold the diameter of
the organic cell that is to be contained in the microwells.

10. The microwell array chip according to claim 1,
wherein the organic cell is a lymphocyte and the microwell
array chip is employed to detect single antigen-specific
lymphocytes.

11. The microwell array chip according to claim 1,
wherein a hydrophobic region is provided in a manner
surrounding said multiple microwells on said principal sur-
face.

12. The microwell array chip according to claim 11,
wherein said hydrophobic region is comprised of a silicon
surface or fluorine-containing surface.

13. A microwell array chip having multiple microwells on
a principal surface of a substrate, said microwells being of
a shape and size permitting the storage of only a single
organic cell in each microwell,

wherein protrusions are present in the openings of said

microwells so as to narrow said openings.

14. The microwell array chip according to claim 13,
wherein said protrusions are formed by providing a film on
the substrate surface that protrudes into the openings.

15. The microwell array chip according to claim 13,
wherein the size of the openings formed by said protrusions
permits the passage of the organic cell to be stored in the
microwell.

16. The microwell array chip according to claim 13,
wherein said substrate is made of silicon, metal, or resin.

17. The microwell array chip according to claim 14,
wherein the film provided on said substrate surface is an
oxide film, nitride film, impurity diffusion film, metal film,
or resin film.

18. A method for manufacturing the microwell array chip
according to claim 13 comprising the steps of:

forming a film on at least one principal surface of a

substrate;

applying a resist coating on the film that has been formed;

exposing the resist surface through a mask having a

microwell pattern and removing uncured portions of
resist;

etching the exposed portions of said film and substrate to

fabricate wells in the form of a microwell array; and
removing the resist.

19. The method for manufacturing a microwell array chip
according to claim 18, wherein said substrate is made of
silicon, metal, or resin.

20. The method for manufacturing a microwell array chip
according to claim 18, wherein said film provided on said
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substrate surface is an oxide film, nitride film, impurity
diffusion film, metal film, or resin film.

21. The microwell array chip according to claim 13,
wherein a hydrophobic region is provided in a manner
surrounding said multiple microwells on said principal sur-
face.

22. The microwell array chip according to claim 21,
wherein said hydrophobic region has a silicon surface or
fluorine-containing surface.

23. A microwell array chip made of silicon and having
multiple microwells, each microwell being used to store a
single specimen organic cell,

wherein each microwell is of a size and shape holding just

one organic cell.

24. The microwell array chip according to claim 23,
wherein each of said microwells is cylindrical, polyhedral
comprised of multiple surfaces, inversely conical, inversely
pyramidal, or a combination of two or more of the above.

25. The microwell array chip according to claim 23,
wherein the diameter of the largest circle that can be
inscribed within the planar shape of the microwells falls
within a range of from 0.5 to 2-fold the diameter of the
organic cell that is to be contained in the microwells, and the
depth of the microwells falls within a range of from 0.5 to
4-fold the diameter of the organic cell that is to be contained
in the microwells.

26. The microwell array chip according to claim 23,
wherein said organic cell is a lymphocyte and the microwell
array chip is used to detect single antigen-specific lympho-
cytes.

27. The microwell array chip according to claim 23,
wherein the interior surface of said microwells is coated
with a fluorocarbon film or a silicon oxide film.

28. The microwell array chip according to claim 27,
employed so that a single organic cell stored in a single
microwell is recovered from the microwell.

29. The microwell array chip according to claim 23,
wherein a hydrophobic region is provided in a manner
surrounding said multiple microwells on said principal sur-
face.

30. The microwell array chip according to claim 29,
wherein said hydrophobic region has a silicon surface or
fluorine-containing surface.

31. A microwell array chip having a microwell on a
principal surface of a substrate, wherein a hydrophobic
surface region is provided in a manner surrounding said
microwell on said principal surface.

32. The microwell array chip according to claim 31,
wherein said hydrophobic region has a silicon surface or
fluorine surface.



