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Description

Technical Field

[0001] This invention relates to measuring apparatus
for microanalysis and measurement method of microa-
nalysis using the apparatus, and particularly relates to a
measuring apparatus for microanalysis capable of simul-
taneously making a large number of measurements and
a measurement method of microanalysis using the ap-
paratus.

Background Art

[0002] With recent progress in microfabrication tech-
nology in the semiconductor industry, there have been
used analytical instruments that use a microchip in which
elements necessary for chemical analysis, including
channels, reactors and electrodes for sensing, are inte-
grated on a substrate made such as of silicon or glass.
Electrophoresis systems using a microchip for DNA anal-
ysis or protein analysis have been already developed
and are commercially available. An analysis device using
such a microchip (a microanalysis system, a P-Total
Analysis System; P-TAS) realizes integration of chemical
analysis experiments, high throughput, resource saving,
space saving and low emission. At the moment, various
types of microchips are being developed in the world.
Concrete examples of various types of microchips being
developed include separation microchips mainly for bio-
chemical analysis and also for electrophoresis and chro-
matography, assay microchips for immunoassay and en-
zyme analysis, and microchips for synthetic reaction on
which polymerase chain reaction (PCR) is performed.
These microchips are easily portable. Therefore, it has
been expected that the microchips can be used to make
an environmental analysis at sampling site or make a
high-accuracy clinical test at bed side.
[0003] Patent Document 1 discloses the following de-
vice as a measuring device using such a microchip. Spe-
cifically, the device disclosed in Patent Document 1 is a
device for optically measuring a specific binding sub-
stance in a fluid sample and includes a reaction part on
at least one surface of which immobilized are first specific
binding members each of which can form the specific
binding substance by binding specifically to a test sub-
stance bound to a second specific binding member to
which a fluorescent label or a light-scattering label is
bound. Furthermore, a transparent base-material layer
is laid through a first space layer on one surface of a
transparent waveguide having a light-emission end face
and a light absorption layer is laid through a second space
layer on the other surface thereof. The first and second
space layers are mutually communicated layers for load-
ing a fluid sample therethrough. In this case, the refractive
index of the waveguide is set larger than that of the fluid
sample.
[0004] Patent Document 2 discloses the following on-

chip bioassay method as a method capable of simulta-
neously making a plurality of measurements. In this tech-
nique, a microfluid chip for cell introduction is fixed to the
under surface of a chip having numerous pores made of
a substrate through which a plurality of pores arrayed in
a grid are passed, whereby a plurality of microchannels
for cell introduction are formed between the chip having
numerous pores and the microfluid chip for cell introduc-
tion. First, suspended cells are loaded through the mi-
crochannels into the pores in the chip having numerous
pores. Next, a microfluid chip for test substance introduc-
tion is fixed to the top surface of the chip having numerous
pores to cross its plurality of microchannels for test sub-
stance introduction and the plurality of microchannels for
cell introduction, whereby a plurality of microchannels for
test substance introduction are formed between the chip
having numerous pores and the microfluid chip for test
substance introduction. Then, a test substance is loaded
through the above microchannels into contact with the
cells in the pores in the chip having numerous pores, and
the degree of influence of the test substance on the cells
is detected in situ after a definite time or at definite time
intervals.

Patent Document 1: Published Japanese Patent Ap-
plication No. 2005-140682
Patent Document 2: Published Japanese Patent Ap-
plication No. 2005-46121

Disclosure of the Invention

[0005] However, in the case of using the optical meas-
uring device described in Patent Document 1, only a sin-
gle kind of test substance can be measured with a single
device but a large number of different test substances
cannot be simultaneously measured with a single device.
[0006] On the other hand, in the on-chip bioassay
method described in Patent Document 2, it is difficult to
accurately mix the suspended cells and the test sub-
stance based on a desired mixing ratio. In addition, in
introducing a sample and a reagent, it is necessary to
operate feed pumps and valves connected to the chip.
This complicates the work of introducing the sample and
the reagent. Therefore, in the case of using the on-chip
bioassay method described in Patent Document 2, ad-
vanced techniques are required in order to make a quan-
titative measurement with high repeatability, and it is dif-
ficult to provide an easy and stable measurement.
[0007] With the above disadvantages in mind, an ob-
ject of the present invention is to provide a measuring
apparatus for microanalysis that can be easily manufac-
tured and can make a large number of analyses and
measurements with a small amount of sample and par-
ticularly can simultaneously and easily analyze and
measure a large number of samples having different con-
centrations and a large number of different analytes, and
a measurement method of microanalysis using the ap-
paratus.
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[0008] A measuring apparatus for microanalysis ac-
cording to the present invention is characterized by the
features of claim 1.
Preferred embodiments are described by the dependent
claims 2-8.
[0009] In the sensing parts, measurement is made by
any one of appropriate measuring methods, including op-
tical measuring methods and electrochemical analysis.
The m x n sensing parts are arranged in an array of m
rows and n columns at vertically and horizontally regular
intervals, where m and n are positive integers. If m and
n are too small, the number of possible simultaneous
analyses and measurements is small. On the other hand,
if m and n are too large, there arise a problem that the
size of this apparatus is increased and a problem that
the manufacture of this apparatus is difficult. Therefore,
each of m and n is preferably 2 to 10 and more preferably
3 to 6. The chambers and the mixture channels are both
arranged in an array of m rows and n columns at vertically
and horizontally regular intervals. In other words, each
of the number of chambers disposed and the number of
mixture channels disposed is m x n in total.
[0010] The number of first microchannels disposed in
the apparatus is n and each of them is communicated
with the associated column of chambers through the re-
spective passive valves. Therefore, solution fed through
one end of each first microchannel is weighed out a fixed
amount in the associated passive valve and the solution
weighed out is fed to the associated chamber. The n first
microchannels are preferably separated from each other.
Thus, n kinds of solution having different concentrations
or containing different ingredients can be fed to the sens-
ing parts.
[0011] The number of second microchannels disposed
in the apparatus is m and each of them is communicated
with the associated row of chambers through the respec-
tive passive valves. Therefore, solution fed through one
end of each second microchannel is weighed out a fixed
amount in the associated passive valve and the solution
weighed out is fed to the associated chamber. The m
second microchannels are preferably separated from
each other. Thus, m kinds of solution having different
concentrations or containing different ingredients can be
fed.
[0012] The first microchannels and the second micro-
channels are configured to distribute solution, such as a
sample or a reagent, through the passive valves to the
plurality of chambers arrayed in a matrix, thereby feeding
to each chamber a fixed amount of sample or reagent.
Therefore, the upstream ends of the first microchannels
and the upstream ends of the second microchannels are
preferably connected to respective gas supply sources,
such as gas pumps. Each gas supply source may be
connected directly to the associated microchannel or
may be connected through a sample reservoir or a rea-
gent reservoir to the associated microchannel.
[0013] Each chamber is connected through the asso-
ciated mixture channel to the associated sensing part.

Solution weighed out in the first microchannels and so-
lution weighed out in the second microchannels are fed
to the chambers and then fed to the sensing parts while
being mixed together in the mixture channels. The shape
of each mixture channel is sufficient if it is a shape allow-
ing solution weighed out in the associated first micro-
channel to be mixed with solution weight out in the as-
sociated second microchannel. Examples of such a
shape include a shape that the channel bents and turns
back. The mixture channel may be partly widely expand-
ed. Furthermore, the mixture channel may have a later-
ally asymmetric wall surface.
[0014] The third microchannel is connected to the up-
stream side of each chamber located opposite to the end
thereof communicated with the mixture channel. The
third microchannel is configured to supply gas and/or
washing solution to the chambers in order to feed the
solution fed to the chambers to the sensing parts and/or
to clean the chambers and the sensing parts and, there-
fore, preferably connected at the upstream end thereof
to a washing solution reservoir and/or a gas supply
source, such as a gas pump, in order to supply the gas
and/or the washing solution.
[0015] Each sensing part is connected to a waste so-
lution microchannel. The other end of the waste solution
microchannel is in communication with the atmosphere.
In feeding the solution, the air in the system is exhausted
through the other end of the waste solution microchannel
and unnecessary waste solution can be also exhausted
through the other end thereof. Note that "connected with
the atmosphere" includes connection to a large-capacity
container and connection to a container having a gas
diffuse transmission film.
[0016] The measuring apparatus for microanalysis is
an apparatus assembled such as into a microchip to
make an analysis and a measurement with a small
amount of sample. Therefore, the volume of each cham-
ber and the volume of each sensing part are preferably
of the order of picoliters to microliters. Furthermore, for
the purposes of accurate analysis and measurement, it
is desirable to fully fill the sensing part with solution fed
to the chamber. Therefore, the volume of the chamber
is preferably equal to or larger than the volume of the
sensing part.
[0017] The waste solution microchannel, the sensing
parts, the mixture channels, the chambers, the passive
valves, the first microchannels, the second microchan-
nels and the third microchannel are preferably formed in
a substrate. However, it is difficult to form all these ele-
ments in a single substrate. Therefore, they may be
formed separately in a plurality of substrates and the plu-
rality of substrates may be then laid one on top of another
and bonded to each other. For example, preferably, re-
cesses for the mixture channels, recesses for the cham-
bers, recesses for the first microchannels, recesses for
the passive valves each communicated with one of the
recesses for the first microchannels and one of the re-
cesses for the chambers and a recess for the third mi-
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crochannel are formed in one surface of a first substrate,
recesses for the second microchannels, recesses for the
passive valves each communicated with one of the re-
cesses for the second microchannels and a recess for
the waste solution microchannel are formed in one sur-
face of a second substrate, through holes for the sensing
parts and through holes for communicating the respec-
tive recesses for the chambers with the respective pas-
sive valves communicated with the second microchan-
nels are formed in a third substrate, and the sensing
parts, the chambers, the passive valves, the first micro-
channels, the second microchannels, the third micro-
channel and the waste solution microchannel are formed
by laying the third substrate between the one surface of
the first substrate and the one surface of the second sub-
strate.
[0018] A first microanalysis measuring method accord-
ing to the present invention is characterized by including:
feeding a sample containing an analyte and a reagent
containing recognition molecules bindable specifically to
the analyte to each of the first microchannels and each
of the second microchannels, respectively, in the meas-
uring apparatus for microanalysis according to the
present invention; weighing out the analyte and the rea-
gent by volume corresponding to the capacity of the chan-
nel, feeding each pair of analyte and reagent thus
weighed out to the associated chamber into a mixed so-
lution, causing mixing and reaction of the mixed solution
in the chamber and the associated mixture channel; then
feeding the mixed solution to the associated sensing part
to bind unreacted recognition molecules in the mixed so-
lution to a standard immobilized to the sensing part;
cleaning the sensing part; and then optically measuring
the recognition molecules bound to the standard with op-
tical labels providing fluorescence, light scattering or light
absorption.
[0019] A typical example of the recognition molecule
bindable specifically to the analyte is a substance in
which a molecule bindable specifically to the analyte is
bound to a labeling substance for determination. Labeling
substances preferably used are optical labels, enzyme
labels or metal labels. The optical labels means labels
providing optical effects, such as fluorescence, light scat-
tering, light absorption or chemiluminescence. The opti-
cal labels producing fluorescence are particularly pre-
ferred to as fluorescence labels. The fluorescence labels
are substances which when irradiated with light rays,
convert the light rays to produce fluorescence. Concrete
examples of the fluorescence labels include compounds
producing fluorescence when irradiated with light rays,
and synthetic resin particles containing such a compound
producing fluorescence. In the case of using enzyme la-
bels or metal labels, the same light emission system as
in the optical labels can be implemented by introducing
through the third microchannel a reagent that can emit
light by interaction with the above labels.
[0020] Concrete examples of compounds producing
fluorescence include fluorein isothiocyanate, fluores-

cein, fluorescein-N-hydroxysuccinimide ester,
6-((4-(4,4-difluoro-5-2-thienyl)-4-bora-3a,4a-diaza-5-in-
dacene-3-yl)phenoxy)acetyl)amino )hexanoic acid, suc-
cinimidyl ester, 4-acetamide-4’-isocyanatostilbene-2,2’-
disulfonic acid, 7-amino-4-methylcoumarin, 7-amino-4-
trimethylcoumarin, N-(4-anilino-1-naphthyl)maleimide,
dansyl chloride, 4’,6-diamidino-2-phenylindole, 5-(4,6-
dichlorotriazin-2-yl)aminofluorescein, 4,4’- diisothiocy-
anatostilbene-2,2’-disulfonic acid, eosin isothiocyanate,
erythrosin B, fluorescamine, fluorescein-5(6)-carboxam-
idocaproic acid N-hydroxy succinimide ester, 5-isothio-
syanante diacetate, 4-methylumbelliferone, o-phthaldi-
aldehyde, QFITC, rhodamine B isothiocyanate, sul-
forhodamine 101 acid chloride, tetramethyl-rhodamine
isothiocyanate, 2’,7’-difluorofluorescein, cyanine dye,
rhodamine and rare earth metal complexes. Among
them, rare earth metal complexes with a long lumines-
cence lifetime are particularly preferable.
[0021] A light-scattering label is a compound or fine
particles which when irradiated with light rays, can scatter
the light rays. Concrete examples of such a light-scatter-
ing label include aggregates of colloidal fine particles of
metal, such as gold or silver, chalcogenide fine particles,
such as CdS or CdSe, polymer fine particles, such as
polystyrene resin, polycarbonate resin or poly(metha)
acrylic resin, inorganic oxide fine particles, such as silica
gel, alumina or titanium oxide, and core shell fine particles
of a combination of two or more of these materials. The
polymer fine particles and inorganic oxide fine particles
may be dyed or may be dispersed with fluorescent mol-
ecules or metal nanoparticles. The light-scattering label
may have a light-scattering characteristic with a wave-
length dependence.
[0022] The molecules bindable specifically to the an-
alyte are those that can bind specifically to a test sub-
stance.
[0023] Therefore, the kind of molecules bindable spe-
cifically to the analyte differs from analyte to analyte and
from standard to standard. Concrete examples of such
molecules include a material selected from the group
consisting of enzymes, microbes, antigens, antibodies,
antibody fragments, lectins, receptors, ionophores, pro-
ton pumps, biomembranes, artificial biochips, DNA mol-
ecules, RNA molecules, PNA molecules, membrane pro-
teins, intranuclear receptors, aptamers, sugars, glyco-
proteins and metalloproteins and a mixture of any mate-
rials selected from the group.
[0024] The standard is a substance that behaves like
the analyte towards the molecules bindable specifically
to the analyte. The standard may be a substance or mol-
ecules having exactly the same structure as the analyte
or may be a substance or molecules having a structure
corresponding to recognition sites of molecules bindable
specifically to the analyte. Concrete examples of the
standard include enzymes, microbes, antigens, antibod-
ies, antibody fragments, lectins, receptors, ionophores,
proton pumps, biomembranes, artificial biochips, DNA
molecules, RNA molecules, PNA molecules, proteins,
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amino acids, sugars, glycoproteins, metalloproteins and
metal ions.
[0025] Therefore, in immunoassays, an analyte, a
standard and an antibody or antigen are used. Used
therein as molecules bindable specifically to the analyte
is an antigen or antibody reactable specifically to the an-
alyte.
[0026] A second microanalysis measuring method ac-
cording to the present invention is characterized by in-
cluding: feeding a sample containing an analyte and a
reagent containing recognition molecules bindable spe-
cifically to the analyte to each of the first microchannels
and each of the second microchannels, respectively, in
the measuring apparatus for microanalysis according to
the present invention; weighing out the analyte and the
reagent by volume corresponding to the capacity of the
channel; feeding each pair of analyte and reagent thus
weighed out to the associated chamber into a mixed so-
lution, causing mixing and reaction of the mixed solution
in the chamber and the associated mixture channel; then
feeding the mixed solution to the associated sensing part
to bind unreacted recognition molecules in the mixed so-
lution to a standard immobilized to the sensing part;
cleaning the sensing part; and then electrochemically
measuring the recognition molecules bound to the stand-
ard. The recognition molecules may be labeled with a
compound or substance having a high electrochemical
response.
[0027] The second microanalysis measuring method
according to the present invention is the same as the
previously-described microanalysis measuring method
according to the present invention, except that recogni-
tion molecules bound to the standard are electrochemi-
cally measured. The present invention can employ any
well-known electrochemical analysis. Concrete exam-
ples of such an electrochemical analysis include voltam-
metry, stripping voltametry, amperometry, potentiome-
tery and coulometry. Concrete examples of a waveform
of voltage or current applied in these electrochemical
analysis s include appropriate pulse waveforms, differ-
ential pulse waveforms, triangular pulse waveforms and
step pulse waveforms.
[0028] A third microanalysis measuring method ac-
cording to the present invention is characterized by in-
cluding: feeding a sample containing an analyte and a
reagent producing a color or emitting light by reaction
specific to the analyte, by addition of a third ingredient or
spontaneously to each of the first microchannels and
each of the second microchannels, respectively, in the
measuring apparatus for microanalysis according to the
present invention; weighing out the analyte and the rea-
gent by volume corresponding to the capacity of the chan-
nel; feeding each pair of analyte and reagent thus
weighed out to the associated chamber into a mixed so-
lution, causing mixing and reaction of the mixed solution
in the chamber and the associated mixture channel; and
measuring the produced color or the emitted light of the
mixed solution in the associated sensing part. If the ad-

dition of the third ingredient is needed, the third ingredient
can be introduced, for example, through the third micro-
channel.
[0029] Concrete examples of the compound with
which the substance reactable specifically to the analyte
is modified includes enzymes including peroxidase and
alkaline phosphatase. Concrete examples of the reagent
producing a color or emitting light by reaction to the an-
alyte include tetra-methyl-benzidine, AMPREX RED and
luminol.
[0030] A fourth microanalysis measuring method ac-
cording to the present invention is characterized by in-
cluding: feeding a sample containing an analyte and a
reagent containing a substance forming aggregates by
reaction specific to the analyte to each of the first micro-
channels and each of the second microchannels, respec-
tively, in the measuring apparatus for microanalysis ac-
cording to the present invention; weighing out the analyte
and the reagent in the associated passive valves; feeding
each pair of analyte and reagent thus weighed out to the
associated chamber into a mixed solution, causing mix-
ing and reaction of the mixed solution in the chamber and
the associated mixture channel; and measuring the tur-
bidity of the mixed solution in the associated sensing part.
[0031] Concrete examples of the compound with
which the substance reactable specifically to the analyte
is modified includes lipid membrane, gold colloid and la-
tex particles.
[0032] A fifth microanalysis measuring method accord-
ing to the present invention is characterized by including:
feeding a sample containing an analyte and a reagent
containing recognition molecules bindable specifically to
the analyte to each of the first microchannels and each
of the second microchannels, respectively, in the meas-
uring apparatus for microanalysis of any one of claims 1
to 7; weighing out the analyte and the reagent by volume
corresponding to the capacity of the channel; feeding
each pair of analyte and reagent thus weighed out to the
associated chamber into a mixed solution, joining each
of analyte recognition molecules of another kind immo-
bilized in the chamber, the analyte and the recognition
molecule derived from the reagent in a sandwiched meth-
od; then introducing through the third microchannel into
the chamber a solution of a substance digestable with a
labeling enzyme on the recognition molecule to displace
the mixed solution in the chamber; introducing a product
obtained by digestion with the labeling enzyme to the
associated sensing part and trapping the product in the
sensing part; and indirectly determining the analyte con-
centration in the sample by measuring in the sensing part
the concentration of the product trapped in the sensing
part.
[0033] Specifically, the method may be configured to
use thiocholine esterase as the labeling enzyme, thio-
choline as the substance digestable with the labeling en-
zyme and thiol as the product obtained by digestion with
the labeling enzyme and contain a precious metal, such
as gold or silver, in the sensing parts. In this case, the
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product obtained by digestion with the labeling enzyme,
such as thiol, is trapped in the sensing parts. The thiol
on the precious metal film can be determined by surface
plasmon absorption measurement or electrochemical
measurement.
[0034] Alternatively, an alcohol oxidase, a low-molec-
ular-weight alcohol and aldehyde may be used as the
labeling enzyme, the substance digestable with the la-
beling enzyme and the product obtained by digestion with
the labeling enzyme, respectively. In this case, aldehyde
corresponding to an oxide of the low-molecular-weight
alcohol is trapped in the sensing parts. Therefore, the
sensing parts may contain modified molecules having
alkaline functional groups, such as amine, for trapping
low-molecular-weight aldehyde.

(Effects of the Invention)

[0035] The present invention can provide a microanal-
ysis measuring method that can be simply manufactured
and can make a large number of analyses and measure-
ments with a small amount of sample and particularly
can simultaneously and easily analyze and measure a
large number of samples having different concentrations
and a large number of different analytes.

Brief Description of Drawings

[0036]

[FIG. 1] FIG. 1 is a plan view of a substrate 1a.
[FIG. 2] FIG 2 is a plan view of a substrate 1b.
[FIG. 3] FIG. 3 is an enlarged plan view showing an
essential part of the substrate 1b.
[FIG. 4] FIG. 4 is a plan view of a substrate 2a.
[FIG 5] FIG. 5 is an enlarged plan view showing an
essential part of the substrate 2a.
[FIG 6] FIG. 6 is a plan view of a substrate 2b.
[FIG. 7] FIG 7 is a plan view of a third substrate.
[FIG 8] FIG 8 is a cross-sectional view of a measuring
apparatus for microanalysis taken along the line A-
A shown in FIG. 2.
[FIG 9] FIG 9 is a cross-sectional view of the meas-
uring apparatus for microanalysis taken along the
line B-B shown in FIG 2.
[FIG 10] FIG. 10 is a conceptual illustration for ex-
plaining the principle of a passive valve.
[FIG. 11] FIG. 11 is another conceptual illustration
for explaining the principle of the passive valve.
[FIG. 12] FIG. 12 is still another conceptual illustra-
tion for explaining the principle of the passive valve.
[FIG. 13] FIG. 13 is a plan view of a substrate 1a of
a measuring apparatus for microanalysis according
to a fourth embodiment.

List of Reference Characters

[0037]

1 first substrate
1a substrate
1b substrate
2 second substrate
2a substrate
2b substrate
3 third substrate
4 first microchannel
5 second microchannel
6 third microchannel
7 waste solution microchannel
8, 9 passive valve
10 chamber
11 sensing part
12 mixture channel

Best Mode for Carrying Out the Invention

(First Embodiment)

[0038] First, a description is given of the principle of a
passive valve with reference to the drawings.
FIGS. 10 to 12 are conceptual illustrations for explaining
the principle of a passive valve. Channel E and channel
F are disposed between channel C and channel D. Chan-
nel E is connected to channel C. An end of channel E is
connected via channel F to channel D.
[0039] As shown in FIG. 10, when a solution 13 is in-
troduced into channel C, the solution 13 is drawn into
channel E. If channel E is relatively broad, the solution
13 is drawn into channel E by the pressure of introducing
the solution into channel C. If channel E is relatively nar-
row and has a channel wall easy to wet, the solution 13
is easily drawn into channel E by capillary attraction. On
the other hand, if channel E is relatively narrow and has
a channel wall hard to wet, the solution 13 can be pressed
into channel E by applying an adequate pressure to chan-
nel E from the channel C side. Note that the term "channel
wall hard to wet" used here can be replaced by the term
"channel wall less subject to capillary attraction".
[0040] If channel C and channel E have channel walls
easy to wet, it is sufficient if channel E is formed to be
narrower than channel C. Thus, the solution 13 can be
spontaneously drawn from channel C into channel E by
a stronger capillary attraction. If channel C and channel
E have channel walls hard to wet, the solution 13 can be
introduced into channel E by applying an adequate pres-
sure to the solution 13 from the channel C side.
[0041] Channel F is narrower than channels C, D and
E. Therefore, the solution 13 stops at the inlet interface
or the outlet interface of channel F.
[0042] Specifically, if channel F has a channel wall
hard to wet, the flow of solution 13 having reached the
end face of channel F near channel E is, as shown in
FIGS. 10 and 11, stemmed by the capillary repulsion of
channel F and does not enter channel F. Also if channel
E has a channel wall hard to wet, the solution 13 does
not enter channel F because the capillary repulsion of
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channel F is stronger than that of channel E.
[0043] On the other hand, if channel F has a channel
wall easy to wet, as shown in FIG. 12, the solution 13
having reached the end face of channel F near channel
D is drawn into channel F by the capillary attraction of
channel F. Note that since channel F is narrower than
channel D, the solution 13 stops at the outlet interface of
channel F by capillary attraction and does not enter chan-
nel D.
[0044] If the channel wall of channel F at the outlet
thereof and the channel wall of channel D do not make
a right angle but form a smooth curved face, the capillary
attraction at the outlet of the channel located at the bottom
thereof is small, which might leak the solution little by
little to channel D. In addition, it is difficult to shape the
outlet interface of channel F with a right angle. Therefore,
channel F is preferably formed of a channel wall having
less wettability.
[0045] Note that the term "less wettability" means a
property of the channel wall that when solution is drawn
into channel C, it cannot pass through the channel with
the current pressure and stops in the channel, or gener-
ally means that the angle of contact of solution with the
channel wall is 90 degrees and up.
[0046] After the introduction of the fluid into channel
E, the residual solution 13 in channel C is moved to a
point in channel C where the solution 13 does not come
into contact with channel E, such as by creating an ad-
equate pressure difference between both ends of chan-
nel C. Alternatively, the solution 13 may be removed from
channel C. In these cases, normally, the solution 13 in
channel E does not return to channel C. Therefore, the
solution can be weighed out by a volume corresponding
to the capacity of channel E or the total capacity of the
capacity of channel E and the capacity of channel F.
[0047] The solution 13 weighed out in channel E or in
channels E and F can be transferred to channel D, such
as by creating an adequate pressure difference between
channels C and D so that the pressure in channel C be-
comes slightly larger than that in channel D.
[0048] Next, a description is given of a measuring ap-
paratus for microanalysis according to this embodiment
with reference to FIGS. 1 to 9. FIG 1 is a plan view show-
ing a substrate 1a and FIG 2 is a plan view showing a
substrate 1b. A first substrate 1 is formed by laying the
substrates 1a and 1b one on top of another as shown in
FIG. 8. FIG. 3 is an enlarged plan view showing an es-
sential part of the substrate 1b. FIG. 4 is a plan view
showing a substrate 2a and FIG. 6 is a plan view showing
a substrate 2b. A second substrate 2 is formed by laying
the substrates 2a and 2b one on top of another as shown
in FIG 8. FIG. 5 is an enlarged plan view showing an
essential part of the substrate 2a. FIG 7 is a plan view
showing a third substrate 3. FIG. 8 is a cross-sectional
view of a measuring apparatus for microanalysis taken
along the line A-A and FIG. 9 is a cross-sectional view
of the measuring apparatus for microanalysis taken along
the line B-B. Note that in this measuring apparatus for

microanalysis, m = n = 4.
[0049] As shown in FIG. 2, through holes 41, 42, 43
and 44 for first microchannels and through holes 61, 62,
63 and 64 for a third microchannel are formed in the meas-
uring apparatus for microanalysis. The through holes 61,
62, 63, 64 for a third microchannel are formed at regular
intervals and in parallel with each other. The through
holes 61, 62, 63, 64 for a third microchannel are connected
at their one ends to a through hole 6 for a third micro-
channel.
[0050] In the measuring apparatus for microanalysis,
sixteen elongated through holes 1011, 1012, 1013, 1014 ...
1043, 1044 for chambers are formed in an array of four
rows and four columns at regular intervals. The through
holes 1011 ... 1041 for chambers of the first column are
communicated at their upstream ends with the through
hole 61 for a third microchannel. The through holes
1012, ... 1042 for chambers of the second column are
communicated at their upstream ends with the through
hole 62 for a third microchannel. The through holes
1013, ... 1043 for chambers of the third column are com-
municated at their upstream ends with the through hole
63 for a third microchannel, and the through holes 1014, ...
1044 for chambers of the fourth column are communicat-
ed at their upstream ends with the through hole 64 for a
third microchannel.
[0051] The through hole 41 for a first microchannel is
connected to through holes 811, ... 841 for passive valves
at regular intervals. The through hole 42 for a first micro-
channel is connected to through holes 812, ... 842 for pas-
sive valves at regular intervals. The through hole 43 for
a first microchannel is connected to through holes 813, ...
843 for passive valves at regular intervals. The through
hole 42 for a first microchannel is connected to through
holes 814, ... 844 for passive valves at regular intervals.
As shown in FIG. 3, each passive valve 8 includes a valve
81 and a weighing part 82 and the weighing part 82 is
formed of a microchannel narrower than the first micro-
channel 4. The valve 81 is formed to be narrower than
both the weighing part 82 and the chamber 10 and con-
nected to the associated chamber 10.
[0052] The through holes 1011, 1012, 1013, 1014 ...
1043, 1044 for chambers are connected at their respective
downstream ends to through holes 1211, 1212, 1213,
1214 ... 1243, 1244 for mixture channels, respectively,
Each through hole 12 for a mixture channel constitutes
a microchannel and is formed in the shape bent at right
angles and turned back. In other words, each through
hole 12 for a mixture channel is formed in the shape bent
a plurality of times on its way and directing both ends in
the same direction. The downstream end of each through
hole 12 for a mixture channel is connected to a sensing
part 11 that will be formed when the first substrate 1 is
laid on top of the third substrate 3. Note that the reference
characters 1111, 1112, 1113, 1114 ... 1143, 1144 shown in
FIG 2 indicate the positions of the sensing parts 11 that
will be formed when the first substrate 1 is laid on top of
the third substrate 3 shown in FIG 7.
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[0053] The first substrate 1 formed by laying the sub-
strate 1a and the substrate 1b one on top of another has
one surface in which recesses for mixture channels 12,
recesses for chambers 10, recesses for first microchan-
nels 5, recesses for passive valves 8 communicated with
the recesses for first microchannels and the recesses for
chambers, and a recess for the third microchannel 6 are
formed.
[0054] As shown in FIG. 4, in the substrate 2a, through
holes 51, 52, 53 and 54 for second microchannels are
formed at regular intervals and in parallel with each other
and through holes 71, 72, 73 and 74 for a waste solution
microchannel are formed at regular intervals and in par-
allel with each other. The through holes 71, 72, 73 and 74
for a waste solution microchannel are connected at their
one ends to a through hole 7 for a waste solution micro-
channel.
[0055] The through hole 51 for a second microchannel
is connected to through holes 911, 912, 913, 914 for pas-
sive valves. The through hole 52 for a second microchan-
nel is connected to through holes 921, ... 924 for passive
valves. The through hole 53 for a second microchannel
is connected to through holes 931, ... 934 for passive
valves. The through hole 54 for a second microchannel
is connected to through holes 941, ... 944 for passive
valves. As shown in FIG 5, each passive valve 9 includes
a valve 91 and a weighing part 92. The weighing part 92
is formed to be narrower than the second microchannel
5. The valve 91 is formed to be narrower than both the
weighing part 92 and the chamber 10. The distal end 91
a of the valve 91 shown in FIG. 5 is connected to the
associated chamber 10 as shown in FIG. 3.
[0056] Referring to FIG. 7, the third substrate 3 has
sixteen through holes 9311, 9312, 9313, 9314 ... 9343, 9344
for valves formed therein in an array of four rows and
four columns at regular intervals. The diameter and
shape of each through hole 93 for a valve are the same
as those of the valve 91. When the third substrate 3 and
the substrate 2a are laid one on top of another, each
through hole 93 for a valve is connected to the associated
valve 91. When the third substrate 3 and the substrate
1b are laid one on top of another, each through hole 93
for a valve is connected to the associated chamber 10.
[0057] As shown in FIG 5, the through holes 71, 72, 73
and 74 for a waste solution microchannel are connected
to sixteen extended through holes 71 in total, with each
through hole for a waste solution microchannel connect-
ed to four extended through holes 71. The through holes
71, 72, 73, 74 for a waste solution microchannel are
formed in communication with the sensing parts 11.
[0058] Referring back to FIG. 7, the third substrate 3
also has sixteen through holes 1111, 1112, 1113, 1114 ...
1143, 1144 for sensing parts formed therein in an array
of four rows and four columns at regular intervals. The
through holes 1111, 1112, 1113, 1114 for sensing parts
are formed so that when the third substrate and the sub-
strate 2a are laid one on top of another, the extended
through holes 71 of the through hole 71 for a waste so-

lution microchannel are connected to the respective as-
sociated through holes 1111, 1112, 1113, 1114 for sensing
parts, the extended through holes 71 of the through hole
72 for a waste solution microchannel are connected to
the respective associated through holes 1121, ... 1124 for
sensing parts, the extended through holes 71 of the
through hole 73 for a waste solution microchannel are
connected to the respective associated through holes
1131, ... 1134 for sensing parts, and the extended through
holes 71 of the through hole 74 for a waste solution mi-
crochannel are connected to the respective associated
through holes 1141, 1142, 1143, 1144 for sensing parts.
[0059] When the substrate 2a and the substrate 2b are
laid one on top of another, the second substrate 2 is
formed that has one surface in which recesses for second
microchannels, recesses for passive valves 9 connected
to the recesses for second microchannels, and a recess
for a waste solution microchannel 7 are formed.
[0060] In the substrates 2a, 2b and the third substrate
3, through holes 41, to 414, 421, to 424, 431 to 434, 441
to 444, 451 to 454 and 461 to 464 are formed. Out of the
through holes 411 to 414, 421 to 424, 431 to 434, 441 to
444, 451 to 454 and 461 to 464, the through holes 411,
421 and 431 are formed so that when the substrate 1b,
the third substrate 3, the substrate 2a and the substrate
2b are laid one on top of another in this order, this set of
through holes are connected to one end of the through
hole 41 for a first microchannel. Likewise, the through
holes 412 to 414, 422 to 424, 432 to 434 are formed to be
connected to one ends of the through holes 42 to 44 for
first microchannels (upper ends thereof in FIG 2). Like-
wise, the through holes 441 to 444, 451 to 454, 461 to 464
are formed to be connected to the other ends of the
through holes 41 to 44 for first microchannels. Therefore,
when a solution is supplied through each through hole
43, the solution passes through the associated through
holes 42 and 41, the first microchannel 4 and the asso-
ciated through holes 44 and 45 in this order and is then
exhausted through the associated through hole 46.
[0061] In the substrates 2a, 2b and the third substrate
3, through holes 511 to 514, 521 to 524, 531 to 534, 541
to 544, 551 to 554 and 561 to 564 are further formed. Out
of the through holes 511 to 514, 521 to 524, 531 to 534,
541 to 544, 551 to 554 and 561 to 564, the through holes
511, 522 and 531 are formed so that when the substrate
1b, the third substrate 3, the substrate 2a and the sub-
strate 2b are laid one on top of another in this order, this
set of through holes are connected to one end of the
through hole 51 for a second microchannel. Likewise,
the through holes 512 to 514, 522 to 524, 532 to 534 are
formed to be connected to one ends of the through holes
52 to 54 for second microchannels. Likewise, the through
holes 541 to 544, 551 to 554, 561 to 564 are formed to be
connected to the other ends of the through holes 51 to
54 for second microchannels. Therefore, when a solution
is supplied through each through hole 53, the solution
passes through the associated through holes 42 and 41,
the second microchannel 5 and the associated through
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holes 54 and 55 in this order and is then exhausted
through the associated through hole 56.
[0062] In the third substrate 3 and the substrates 2a
and 2b, through holes 61, 62 and 63 are further formed.
The through holes 61, 62 and 63 are formed so that when
the substrate 1b, the third substrate 3 and the substrates
2a and 2b are laid one on top of another in this order,
these through holes are connected to one end of the
through hole 6 for a third microchannel. Therefore, a
waste solution and gas exhausted from the third micro-
channel 6 is drained through the through holes 61 and
62 from the through hole 63.
[0063] The sensing parts 11, the chambers 10, the
passive valves 8 and 9, the first microchannels 4, the
second microchannels 5, the third microchannel 6 and
the waste solution microchannel 7 are defined by the first
substrate 1, the second substrate 2 and the third sub-
strate 3. The inlet ports through which solution is taken
into the first microchannels 4, the second microchannels
5 and the third microchannel 6 and the outlet ports
through which the solution is exhausted from the first
microchannels 4, the second microchannels 5, the third
microchannel 6 and the waste solution microchannel 7
are all open at the second substrate 2, specifically at the
substrate 2b.
[0064] The measuring apparatus for microanalysis ac-
cording to this embodiment makes a measurement, such
as by optical measuring methods or electrochemical
analysis. Therefore, at least one of the substrates lying
over and under the sensing parts is preferably transpar-
ent. Particularly, when a measurement is made with a
standard equivalent to the analyte being immobilized to
surface portions of the first substrate 1 facing the sensing
parts, at least parts of the second substrate 2 facing the
sensing parts are preferably transparent.
[0065] Examples of a material for the substrates in-
clude polydimethylsiloxane (PDMS), glass, silicon, pho-
toreactive resin, other types of resins, metal, ceramic,
diamond-like carbon, and a combination of them.
[0066] Examples of a substrate fabrication method in-
clude machining, transfer techniques as typified by injec-
tion molding and compression molding, dry etching (RIE,
IE, IBE, plasma etching, laser etching, reactive ion etch-
ing, laser ablation, blasting, electric exhaust machining,
LIGA, electron beam etching, FAB), wet etching (chem-
ical etching), castling including stereolithography and
layer manufacturing using beds of powdered ceramics,
surface micro-machining of coating, vapor-depositing,
sputtering or depositing various substances in the form
of a layer and partly removing it to form a microstructure,
a method of forming grooves by defining openings by
one or more sheet materials made such as of a film tape,
and a method of forming grooves by dropping or injecting
a channel formation material by ink jet or a dispenser.
[0067] Examples of a method for bonding the sub-
strates to each other include adhesion with an adhesive,
resin bonding with a primer, diffusion bonding, anode
bonding, eutectic bonding, heat fusion bonding, ultrason-

ic bonding, laser fusing, bonding with a solvent or a dis-
solved solvent, bonding with a pressure sensitive tape,
boding with an adhesive tape, bonding by crosslinking
of functional groups in the surface, compression bonding,
bonding with a self-absorbent, physical clamping and as-
sembly by doweling.
[0068] Although this embodiment describes a meas-
uring apparatus for microanalysis in which five substrates
are bonded together, the measuring apparatus for micro-
analysis may be formed of three substrates, a first sub-
strate, a second substrate and a third substrate, wherein
the substrate 1a and the substrate 1b are laminated to
form an integral first substrate and the substrate 2a and
the substrate 2b are laminated to form an integral second
substrate.
[0069] The configuration of the measuring apparatus
for microanalysis according to this embodiment is as de-
scribed above. As seen from the above, the measuring
apparatus for microanalysis according to this embodi-
ment can be easily manufactured, can reduce the dead
volume for sample and reagent and can provide space
saving of the entire apparatus and cost reduction.
[0070] Furthermore, the measuring apparatus for
microanalysis according to this embodiment includes a
plurality of sensing parts 11, passive valves 8 and 9 and
chambers 10, with one passive valve 8, one passive valve
9 and one chamber 10 being exclusive to each sensing
part 11. Therefore, the measurements at all the sensing
parts 11 can be made substantially simultaneously. If the
passive valves 8 and the passive valves 9 are configured
to weigh out different amounts of 1 solution, different
kinds of mixed solutions having different mixing ratios
between the sample and the reagent for detecting the
analyte can be introduced into a plurality of sensing parts
11. Therefore, for a single kind of sample, 5 a plurality of
kinds of mixed solutions having different mixing ratios
between the sample and the reagent for detecting the
analyte can be measured simultaneously by using a sin-
gle measuring apparatus for microanalysis.
[0071] Furthermore, if the passive valves are config-
ured to weigh out equal amounts of solution, the kinds
of sample and reagent fed to the plurality of sensing parts
11 can be changed from column to column or from row
to row. Therefore, different kinds of samples can be si-
multaneously measured by using a single measuring ap-
paratus for microanalysis and a plurality of analytes for
a single kind of sample using different kinds of reagents
can be simultaneously measured by using a single meas-
uring apparatus for microanalysis.
[0072] As described so far, according to the measuring
apparatus for microanalysis of this embodiment, a plu-
rality kinds of measurements can be made simultane-
ously. Specifically, according to this embodiment, since
sixteen sensing parts 11 are provided in total, sixteen
kinds of measurements at most can be made simultane-
ously by using a single measuring apparatus for micro-
analysis.
[0073] Next, a description is given of a microanalysis
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measuring method using the measuring apparatus for
microanalysis according to this embodiment. First, a
standard equivalent to the analyte is immobilized to sur-
face portions of the first substrate 1 facing the sensing
parts 11. Next, a sample containing an analyte is fed to
the first microchannels 4 and then weighed out in the
passive valves 8. On the other hand, a reagent containing
recognition molecules bindable specifically to the analyte
is fed to the second microchannels 5 and then weighed
out in the passive valves 9.
[0074] A fixed amount of sample containing the analyte
and weighed out in each passive valve 8 is pressurized
such as by supplying gas from a gas supply source to
the associated first microchannel 4 and thereby fed
through the weighing part 82 and the valve 81 to the
associated chamber 10. A fixed amount of reagent con-
taining the recognition molecules bindable specifically to
the analyte and weighed out in each passive valve 9 is
pressurized such as by supplying gas from a gas supply
source to the associated second microchannel 5 and
thereby fed through the weighing part 92, the valve 91
and the through hole 93 for the valve to the associated
chamber 10. In each chamber 10, the sample containing
the analyte and the reagent containing the recognition
molecules bindable specifically to the analyte are mixed,
thereby preparing a mixed solution.
[0075] The mixed solution in the chamber 10 is pres-
surized by supplying gas from a gas supply source to the
third microchannel 6 and thereby fed through the asso-
ciated mixture channel 12 to the associated sensing part
11. The mixed solution is further uniformly mixed in the
mixture channel 12, whereby the analyte in the mixed
solution reacts to the recognition molecules bindable
specifically to the analyte. In each sensing part 11, un-
reacted recognition molecules in the mixed solution bind
to the standard that is immobilized to a surface portion
11a of the first substrate in the sensing part 11 and is
equivalent to the analyte. Thereafter, the sensing part 11
is washed and the recognition molecules bound to the
standard immobilized to the surface portion 11a of the
first substrate are optically measured by optical labels
providing fluorescence, light scattering or light absorp-
tion.

(Second Embodiment)

[0076] The first embodiment describes the microanal-
ysis measuring method using a reagent containing rec-
ognition molecules bindable specifically to the analyte.
However, instead of the reagent containing recognition
molecules bindable specifically to the analyte, a reagent
producing a color or emitting light by reaction specific to
the analyte may be used. In such a case, the sensing
parts 11 detect the production of color of the reagent or
the emission of light of the reagent.

(Third Embodiment)

[0077] Instead of the reagent containing recognition
molecules bindable specifically to the analyte in the first
embodiment, a reagent containing a substance forming
aggregates by reaction specific to the analyte may be
used. In this case, turbidity of the mixed solution is de-
tected at the sensing part 11.

(Fourth Embodiment)

[0078] FIG. 13 is a plan view of a substrate 1a of a
measuring apparatus for microanalysis according to a
fourth embodiment. The measuring apparatus for micro-
analysis according to the fourth embodiment is different
from that according to the first embodiment in that it in-
cludes stop valves 20a, 20b, 20c, 20d, reagent reservoirs
21 a, 21 b, 21 c, 21 d and pumps 22a, 22b, 22c, 22d
serving as gas supply sources. Specifically, in this em-
bodiment, the through holes 41, 42, 43 and 44 for first
microchannels are provided, at their downstream ends
located at their upper ends in FIG. 13, with stop valves
20a, 20b, 20c and 20d, respectively. On the other hand,
the upstream ends of the through holes 41, 42, 43 and
44, located at the lower ends thereof in FIG. 13, are con-
nected through reagent reservoirs 21 a, 21 b, 21 c and
21 d to pumps 22a, 22b, 22c and 22d, respectively.
[0079] Thus, by previously storing in the reagent res-
ervoirs 21 a, 21b, 21c and 21 d solution to be weighed
out in the passive valves 8, the solution can be easily fed
to the passive valves 8 by activating the pumps 22a, 22b,
22c and 22d. Furthermore, the provision of the stop
valves 20a, 20b, 20c and 20d enables solution left in the
through holes 41, 42, 43 and 44 for first microchannels
without being fed to the passive valves 8 to be easily
removed from the connection parts of the through holes
41, 42, 43 and 44 for first microchannels connected with
the passive valves 8. Therefore, according to the meas-
uring apparatus for microanalysis of the fourth embodi-
ment, solution can be easily weighed out in the passive
valves 8.
[0080] Without the provision of stop valves 20a, 20b,
20c and 20d, the downstream ends of the through holes
41, 42, 43 and 44 for first microchannels must have com-
plicated structures in order to remove residual solution
in the through holes 41, 42, 43 and 44 for first microchan-
nels from the parts thereof connected with the passive
valves 8. Therefore, the downstream ends of the through
holes 41, 42, 43 and 44 for first microchannels will gener-
ally have complicated structures. In contrast, the provi-
sion of stop valves 20a, 20b, 20c and 20d as in this em-
bodiment eliminates the need for complicated structures
of the downstream ends of the through holes 41, 42, 43
and 44 for first microchannels, which would otherwise
been needed, and can prevent the downstream ends of
the through holes 41, 42, 43 and 44 for first microchannels
from being complicated. In short, the structure of the
measuring apparatus for microanalysis can be simplified

17 18 



EP 2 075 584 B1

11

5

10

15

20

25

30

35

40

45

50

55

by providing of the stop valves 20a, 20b, 20c and 20d.
[0081] In view of easy weighing-out of solution in each
passive valve 9, it is preferable that stop valves, reagent
reservoirs and pumps are provided likewise also on the
side of the passive valves 9.
[0082] This embodiment describes a structure in which
the pumps 22a, 22b, 22c and 22d are disposed within
the measuring apparatus for microanalysis. However,
the pumps 22a, 22b, 22c and 22d may be disposed out-
side of the measuring apparatus for microanalysis.

Claims

1. A measuring apparatus for microanalysis compris-
ing: sensing parts (11) in an array of m rows and n
columns, each of the sensing parts (11) being com-
municated with a waste solution microchannel (7);
chambers (10) in an array of m rows and n columns,
the chambers (10) being communicated through re-
spective mixture channels (12) to the respective
sensing parts (11), n first microchannels (4) each
communicated through m passive valves (8) weigh-
ing out by volume corresponding to the capacity of
the channel with the respective m chambers (10),
one chamber (10) per each row of chambers (10);
m second microchannels (5) each communicated
through n passive valves (9) weighing out by volume
corresponding to the capacity of the channel with the
respective n chambers, one chamber (10) per each
column of chambers (10); and a third microchannel
(6), communicated with the chambers (10), for sup-
plying gas and/or washing solution to the chambers
(10).

2. The measuring apparatus for microanalysis of claim
1, wherein the first microchannels (4), the second
microchannels (5) and the third microchannel (6) are
connected to respective gas supply sources.

3. The measuring apparatus for microanalysis of claim
1 or 2, wherein the n first microchannels (4) are sep-
arated from each other.

4. The measuring apparatus for microanalysis of any
one of claims 1 to 3, wherein the m second micro-
channels (5) are separated from each other.

5. The measuring apparatus for microanalysis of any
one of claims 1 to 4, wherein the volume of each
chamber (10) and the volume of each sensing part
(11) are of the order of picoliters to microliters and
the volume of the chamber (10) is equal to or larger
than the volume of the sensing part (11).

6. The measuring apparatus for microanalysis of any
one of claims 1 to 5, wherein recesses for the mixture
channels (12), recesses for the chambers (10), re-

cesses for the first microchannels (4), recesses for
the passive valves (8) each communicated with one
of the recesses for the first microchannels (4) and
one of the recesses for the chambers (10) and a
recess for the third microchannel (6) are formed in
one surface of a first substrate (1), recesses for the
second microchannels (5), recesses for the passive
valves (9) each communicated with one of the re-
cesses for the second microchannels (5) and a re-
cess for the waste solution microchannel (7) are
formed in one surface of a second substrate (2),
through holes for the sensing parts (11) and through
holes communicating the respective recesses for the
chambers (10) with the respective passive valves (9)
communicated with the second microchannels (5)
are formed in a third substrate (3), and the sensing
parts (11), the chambers (10), the passive valves (8,
9), the first microchannels (4), the second micro-
channels (5), the third microchannel (6) and the
waste solution microchannel (7) are formed by laying
the third substrate (3) between the one surface of
the first substrate (1) and the one surface of the sec-
ond substrate (2).

7. The measuring apparatus for microanalysis of claim
6, wherein the second substrate (2) or parts of the
second substrate (2) facing the sensing parts (11)
are transparent.

8. The measuring apparatus for microanalysis of claim
6 or 7, wherein a standard equivalent to an analyte
is immobilized on surface portions of the first sub-
strate (1) facing the sensing parts (11).

9. A microanalysis measuring method comprising:
feeding a sample containing an analyte and a rea-
gent containing recognition molecules bindable spe-
cifically to the analyte to each of the first microchan-
nels (4) and each of the second microchannels (5),
respectively, in the measuring apparatus for micro-
analysis of any one of claims 1 to 8; weighing out
the analyte and the reagent by volume correspond-
ing to the capacity of the channel; feeding each pair
of analyte and reagent thus weighed out to the as-
sociated chamber (10) into a mixed solution, causing
mixing and reaction of the mixed solution in the
chamber (10) and the associated mixture channel
(12); then feeding the mixed solution to the associ-
ated sensing part (11) to bind unreacted recognition
molecules in the mixed solution to a standard immo-
bilized to the sensing part (11); cleaning the sensing
part (11); and then optically measuring the recogni-
tion molecules bound to the standard with optical
labels providing fluorescence, light scattering or light
absorption.

10. A microanalysis measuring method comprising:
feeding a sample containing an analyte and a rea-
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gent containing recognition molecules bindable spe-
cifically to the analyte to each of the first microchan-
nels (4) and each of the second microchannels (5),
respectively, in the measuring apparatus for micro-
analysis of any one of claims 1 to 8; weighing out
the analyte and the reagent by volume correspond-
ing to the capacity of the channel; feeding each pair
of analyte and reagent thus weighed out to the as-
sociated chamber (10) into a mixed solution, causing
mixing and reaction of the mixed solution in the
chamber (10) and the associated mixture channel
(12); then feeding the mixed solution to the associ-
ated sensing part (11) to bind unreacted recognition
molecules in the mixed solution to a standard immo-
bilized to the sensing part (11); washing the sensing
part (11); and then electrochemically measuring the
recognition molecules bound to the standard.

11. A microanalysis measuring method comprising:
feeding a sample containing an analyte and a rea-
gent producing a color or emitting light by reaction
specific to the analyte to each of the first microchan-
nels (4) and each of the second microchannels (5),
respectively, in the measuring apparatus for micro-
analysis of any one of claims 1 to 7; weighing out
the analyte and the reagent by volume correspond-
ing to the capacity of the channel; feeding each pair
of analyte and reagent thus weighed out to the as-
sociated chamber (10) into a mixed solution, causing
mixing and reaction of the mixed solution in the
chamber (10) and the associated mixture channel
(12); and measuring the produced color or the emit-
ted light of the mixed solution in the associated sens-
ing part (11).

12. A microanalysis measuring method comprising:
feeding a sample containing an analyte and a rea-
gent forming aggregates by reaction specific to the
analyte to each of the first microchannels (4) and
each of the second microchannels (5), respectively,
in the measuring apparatus for microanalysis of any
one of claims 1 to 7; weighing out the analyte and
the reagent by volume corresponding to the capacity
of the channel; feeding each pair of analyte and re-
agent thus weighed out to the associated chamber
(10) into a mixed solution, causing mixing and reac-
tion of the mixed solution in the chamber (10) and
the associated mixture channel (12); and measuring
the turbidity of the mixed solution in the associated
sensing part (11).

13. A microanalysis measuring method comprising:
feeding a sample containing an analyte and a rea-
gent containing recognition molecules bindable spe-
cifically to the analyte to each of the first microchan-
nels (4) and each of the second microchannels (5),
respectively, in the measuring apparatus for micro-
analysis of any one of claims 1 to 7; weighing out

the analyte and the reagent by volume correspond-
ing to the capacity of the channel; feeding each pair
of analyte and reagent thus weighed out to the as-
sociated chamber (10) into a mixed solution, joining
each of analyte recognition molecules of another
kind immobilized in the chamber (10), the analyte
and the recognition molecule derived from the rea-
gent in a sandwiched method; then introducing
through the third microchannel (6) into the chamber
(10) a solution of a substance digestable with a la-
beling enzyme on the recognition molecule to dis-
place the mixed solution in the chamber (10); intro-
ducing a product obtained by digestion with the la-
beling enzyme to the associated sensing part (11)
and trapping the product in the sensing part (11);
and indirectly determining the analyte concentration
in the sample by measuring the concentration of the
product in the sensing part (11).

Patentansprüche

1. Messvorrichtung zur Mikroanalyse umfassend:

Erfassungselemente (11) in einer Anordnung
von m Reihen und n Spalten, wobei jedes der
Erfassungselemente (11) mit einem Abfalllö-
sungsmikrokanal (7) in Verbindung steht,
Kammern (10) in einer Anordnung von m Reihen
und n Spalten, wobei die Kammern (10) durch
entsprechende Mischungskanäle (12) zu den
entsprechenden Erfassungselementen (11) in
Verbindung stehen,
n erste Mikrokanäle (4), wovon jeder durch m
passive Ventile (8), welche über das der Kapa-
zität des Kanals entsprechende Volumen aus-
wiegen, mit den entsprechenden m Kammern
(10), eine Kammer (10) pro jeder Reihe Kam-
mern (10), in Verbindung steht,
m zweite Mikrokanäle (5), wovon jeder durch n
passive Ventile (9), welche über das der Kapa-
zität des Kanals entsprechende Volumen aus-
wiegen, mit den entsprechenden n Kammern
(10), eine Kammer (10) pro jeder Spalte Kam-
mern (10), in Verbindung steht, und
einen dritten Mikrokanal (6), welcher mit den
Kammern (10) in Verbindung steht, für die Zu-
leitung von Gas und /oder Waschlösung an die
Kammern (10).

2. Messvorrichtung zur Mikroanalyse nach Anspruch
1, wobei die ersten Mikrokanäle (4), die zweiten Mi-
krokanäle (5) und der dritte Mikrokanal (6) mit den
entsprechenden Gaszuleitgungsquellen verbunden
sind.

3. Messvorrichtung zur Mikroanalyse nach Anspruch 1
oder 2, wobei die n ersten Mikrokanäle (4) vonein-
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ander getrennt sind.

4. Messvorrichtung zur Mikroanalyse nach einem der
Ansprüche 1 bis 3, wobei die m zweiten Mikrokanäle
(5) voneinander getrennt sind.

5. Messvorrichtung zur Mikroanalyse nach einem der
Ansprüche 1 bis 4, wobei das Volumen von jeder
Kammer (10) und das Volumen von jedem Erfas-
sungselement (11) in der Größenordnung von Pico-
litern bis zu Mikrolitern liegen und wobei das Volu-
men der Kammer (10) gleich groß oder größer als
das Volumen des Erfassungselements (11) ist.

6. Messvorrichtung zur Mikroanalyse nach einem der
Ansprüche 1 bis 5, wobei Vertiefungen für die Mi-
schungskanäle (12), Vertiefungen für die Kammern
(10), Vertiefungen für die ersten Mikrokanäle (4),
Vertiefungen für die passiven Ventile (8), wovon jede
mit einer der Vertiefungen für die ersten Mikrokanäle
(4) und einer der Vertiefungen für die Kammer (10)
in Verbindung steht, und eine Vertiefung für den drit-
ten Mikrokanal (6) in einer Oberfläche eines ersten
Substrats (1) gebildet sind, wobei Vertiefungen für
die zweiten Mikrokanäle (5), Vertiefungen für die
passiven Ventile (9), wovon jede mit einer der Ver-
tiefungen für die zweiten Mikrokanäle (5) in Verbin-
dung steht, und eine Vertiefung für den Abfalllö-
sungsmikrokanal (7), in einer Oberfläche eines zwei-
ten Substrats (2) gebildet sind, wobei Durchgangs-
löcher für die Erfassungselemente (11) und Durch-
gangslöcher, welche die entsprechenden Vertiefun-
gen für die Kammern (10) mit den entsprechenden
passiven Ventilen (9), welche mit den zweiten Mi-
krokanälen (5) in Verbindung stehen, verbinden, in
einem dritten Substrat (3) gebildet sind, und wobei
die Erfassungselemente (11), die Kammern (10), die
passiven Ventile (8, 9), die ersten Mikrokanäle (4),
die zweiten Mikrokanäle (5), der dritte Mikrokanal (6)
und der Abfallslösungsmikrokanal (7) durch das Le-
gen des dritten Substrats (3) zwischen die eine Ober-
fläche des ersten Substrats (1) und die eine Ober-
fläche des zweiten Substrats (2) gebildet sind.

7. Messvorrichtung zur Mikroanalyse nach Anspruch
6, wobei das zweite Substrat (2) oder Teile des zwei-
ten Substrats (2), welche den Erfassungselementen
(11) gegenüberliegen, transparent sind.

8. Messvorrichtung zur Mikroanalyse nach Anspruch 6
oder 7, wobei ein Standardequivalent zu einem Ana-
lyt auf Oberflächenteilen des ersten Substrats (1),
welche den Erfassungselementen (11) gegenüber-
liegen, immobilisiert ist.

9. Mikroanalysemessverfahren umfassend: Zuführen
einer Probe, welche einen Analyten enthält, und ei-
nes Reagenz, welches spezifisch an den Analyten

bindbare Erkennungsmoleküle enthält, jeweils zu je-
dem der ersten Mikrokanäle (4) und jedem der zwei-
ten Mikrokanäle (5) in der Messvorrichtung zur Mi-
kroanalyse nach einem der Ansprüche 1 bis 8; Aus-
wiegen des Analyten und des Reagenz über das der
Kapazität des Kanals entsprechende Volumen; Zu-
führen von jedem so ausgewogenem Paar aus Ana-
lyt und Reagenz zu der angeschlossenen Kammer
(10) in eine gemischte Lösung, was Mischen und
Reaktion der gemischten Lösung in der Kammer (10)
und dem angeschlossenen Mischungskanal (12)
herbeiführt; dann Zuführen der gemischten Lösung
zu dem angeschlossenen Erfassungselement (11),
um nicht abreagierte Erkennungsmoleküle in der Lö-
sung an einen Standard, welcher an dem Erfas-
sungselement (11) immobilisiert ist, zu binden; Rei-
nigen des Erfassungselementes (11); und dann op-
tisches Messen der Erkennungsmoleküle, die an
den Standard mit optischen Kennungen, welche
Fluoreszenz, Lichtstreuung oder Lichtabsorption lie-
fern, gebunden sind.

10. Mikroanalysemessverfahren umfassend: Zuführen
einer Probe, welche einen Analyten enthält, und ei-
nes Reagenz, welches spezifisch an den Analyten
bindbare Erkennungsmoleküle enthält, jeweils zu je-
dem der ersten Mikrokanäle (4) und jedem der zwei-
ten Mikrokanäle (5) in der Messvorrichtung zur Mi-
kroanalyse nach einem der Ansprüche 1 bis 8; Aus-
wiegen des Analyten und des Reagenz über das der
Kapazität des Kanals entsprechende Volumen; Zu-
führen von jedem so ausgewogenem Paar aus Ana-
lyt und Reagenz zu der angeschlossenen Kammer
(10) in eine gemischte Lösung, was Mischen und
Reaktion der gemischten Lösung in der Kammer (10)
und dem angeschlossenen Mischungskanal (12)
herbeiführt; dann Zuführen der gemischten Lösung
zu dem angeschlossenen Erfassungselement (11),
um nicht abreagierte Erkennungsmoleküle in der Lö-
sung an einen Standard zu binden, welcher an dem
Erfassungselement (11) immobilisiert ist; Waschen
des Erfassungselementes (11); und dann elektro-
chemisches Messen der an den Standard gebunde-
nen Erkennungsmoleküle.

11. Mikroanalysemessverfahren umfassend: Zuführen
einer Probe, welche einen Analyten enthält, und ei-
nes Reagenz, welches eine Farbe produziert oder
Licht durch eine zu dem Analyten spezifische Reak-
tion emittiert, jeweils zu jedem der ersten Mikroka-
näle (4) und jedem der zweiten Mikrokanäle (5) in
der Messvorrichtung zur Mikroanalyse nach einem
der Ansprüche 1 bis 7; Auswiegen des Analyten und
des Reagenz über das der Kapazität des Kanals ent-
sprechende Volumen; Zuführen von jedem so aus-
gewogenem Paar aus Analyt und Reagenz zu der
angeschlossenen Kammer (10) in eine gemischte
Lösung, was Mischen und Reaktion der gemischten
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Lösung in der Kammer (10) und dem angeschlosse-
nen Mischungskanal (12) herbeiführt; und Messen
der produzierten Farbe oder des emittierten Licht der
gemischten Lösung in dem angeschlossenen Erfas-
sungselement (11).

12. Mikroanalysemessverfahren umfassend: Zuführen
einer Probe, welche einen Analyten enthält, und ei-
nes Reagenz, welches durch eine zu dem Analyten
spezifischen Reaktion Aggregate bildet, jeweils zu
jedem der ersten Mikrokanäle (4) und jedem der
zweiten Mikrokanäle (5) in der Messvorrichtung zur
Mikroanalyse nach einem der Ansprüche 1 bis 7;
Auswiegen des Analyten und des Reagenz über das
der Kapazität des Kanals entsprechende Volumen;
Zuführen von jedem so ausgewogenem Paar aus
Analyt und Reagenz, zu der angeschlossenen Kam-
mer (10) in eine gemischte Lösung, was Mischen
und eine Reaktion der gemischten Lösung in der
Kammer (10) und dem angeschlossenen Mi-
schungskanal (12) herbeiführt; und Messen der Trü-
bung der gemischten Lösung in dem angeschlosse-
nen Erfassungselement (11).

13. Mikroanalysemessverfahren umfassend: Zuführen
einer Probe, welche einen Analyten enthält, und ei-
nes Reagenz, welches spezifisch an den Analyten
bindbare Erkennungsmoleküle enthält, jeweils zu je-
dem der ersten Mikrokanäle (4) und jedem der zwei-
ten Mikrokanäle (5) in der Messvorrichtung zur Mi-
kroanalyse nach einem der Ansprüche 1 bis 7; Aus-
wiegen des Analyten und des Reagenz über das der
Kapazität des Kanals entsprechende Volumen; Zu-
führen von jedem so ausgewogenem Paar aus Ana-
lyt und Reagenz zu der angeschlossenen Kammer
(10) in eine gemischte Lösung, wobei sich jedes der
Analyterkennungsmoleküle einer anderen Art, wel-
che in der Kammer (10) immobilisiert sind, der Analyt
und das Erkennungsmolekül, welches von dem Rea-
genz abstammt, in einem Sandwichverfahren anein-
ander fügen; dann Einführen einer Lösung aus einer
Substanz, welche mit einem markierenden Enzym
auf dem Erkennungsmolekül abbaubar ist, durch
den dritten Mikrokanal (6) in die Kammer (10), um
die gemischte Lösung in der Kammer (10) zu erset-
zen; Einführen eines Produkts, welches durch Ab-
bau mit dem markierenden Enzym erhalten wird, in
das angeschlossene Erfassungselement (11) und
Festhalten des Produkts in dem Erfassungselement
(11), und auf indirektem Weg Bestimmen der Ana-
lytkonzentration in der Probe durch Messen der Kon-
zentration des Produkts in dem Erfassungselement
(11).

Revendications

1. Appareil de mesure pour microanalyse comprenant :

des pièces de détection (11) dans une matrice de m
rangées et n colonnes, chacune des pièces de dé-
tection (11) étant en communication avec un micro-
canal de solution résiduelle (7) ; des chambres (10)
dans une matrice de m rangées et n colonnes, les
chambres (10) étant en communication avec les piè-
ces de détection respectives (11) par l’intermédiaire
de canaux de mélange respectifs (12), n premiers
microcanaux (4) en communication chacun avec les
m chambres respectives (10) par l’intermédiaire de
m vannes passives (8) pesant en volume correspon-
dant à la capacité du canal, une chambre (10) pour
chaque rangée de chambres (10) ; m deuxièmes mi-
crocanaux (5) en communication chacun avec les n
chambres respectives (10) par l’intermédiaire de n
vannes passives (9) pesant en volume correspon-
dant à la capacité du canal, une chambre (10) pour
chaque colonne de chambres (10) ; et un troisième
microcanal (6), en communication avec les cham-
bres (10), pour envoyer un gaz et/ou une solution de
lavage dans les chambres (10).

2. Appareil de mesure pour microanalyse selon la re-
vendication 1, dans lequel les premiers microcanaux
(4), les deuxièmes microcanaux (5) et le troisième
microcanal (6) sont connectés à des sources d’ali-
mentation en gaz respectives.

3. Appareil de mesure pour microanalyse selon la re-
vendication 1 ou 2, dans lequel les n premiers mi-
crocanaux (4) sont séparés les uns des autres.

4. Appareil de mesure pour microanalyse selon l’une
quelconque des revendications 1 à 3, dans lequel
les m deuxièmes microcanaux (5) sont séparés les
uns des autres.

5. Appareil de mesure pour microanalyse selon l’une
quelconque des revendications 1 à 4, dans lequel le
volume de chaque chambre (10) et le volume de
chaque pièce de détection (11) sont de l’ordre des
picolitres aux microlitres et le volume de la chambre
(10) est supérieur ou égal au volume de la pièce de
détection (11).

6. Appareil de mesure pour microanalyse selon l’une
quelconque des revendications 1 à 5, dans lequel
des évidements pour les canaux de mélange (12),
des évidements pour les chambres (10), des évide-
ments pour les premiers microcanaux (4), des évi-
dements pour les vannes passives (8) chacun en
communication avec l’un des évidements pour les
premiers microcanaux (4) et l’un des évidements
pour les chambres (10) et un évidement pour le troi-
sième microcanal (6) sont formés dans une surface
d’un premier substrat (1), des évidements pour les
deuxièmes microcanaux (5), des évidements pour
les vannes passives (9) chacun en communication
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avec l’un des évidements pour les deuxièmes micro-
canaux (5) et un évidement pour le microcanal de
solution résiduelle (7) sont formés dans une surface
d’un deuxième substrat (2), des trous traversants
pour les pièces de détection (11) et des trous traver-
sants mettant en communication les évidements res-
pectifs pour les chambres (10) avec les vannes pas-
sives respectives (9) en communication avec les
deuxièmes microcanaux (5) sont formés dans un
troisième substrat (3), et les pièces de détection (11),
les chambres (10), les vannes passives (8, 9), les
premiers microcanaux (4), les deuxièmes microca-
naux (5), le troisième microcanal (6) et le microcanal
de solution résiduelle (7) sont formés en disposant
le troisième substrat (3) entre la première surface du
premier substrat (1) et la première surface du deuxiè-
me substrat (2).

7. Appareil de mesure pour microanalyse selon la re-
vendication 6, dans lequel le deuxième substrat (2)
ou des parties du deuxième substrat (2) faisant face
aux pièces de détection (11) sont transparentes.

8. Appareil de mesure pour microanalyse selon la re-
vendication 6 ou 7, dans lequel un étalon équivalent
à une substance à analyser est immobilisé sur des
parties de surface du premier substrat (1) faisant fa-
ce aux pièces de détection (11).

9. Procédé de mesure de microanalyse comprenant
les opérations suivantes : introduire un échantillon
contenant une substance à analyser et un réactif
contenant des molécules de reconnaissance pou-
vant se lier spécifiquement à la substance à analyser
respectivement dans chacun des premiers microca-
naux (4) et dans chacun des deuxièmes microca-
naux (5) de l’appareil de mesure pour microanalyse
selon l’une quelconque des revendications 1 à 8 ;
peser la substance à analyser et le réactif par volume
correspondant à la capacité du canal ; introduire
chaque paire de substance à analyser et de réactif
ainsi pesés dans la chambre associée (10) en une
solution mélangée, en provoquant le mélange et la
réaction de la solution mélangée dans la chambre
(10) et le canal de mélange associé (12) ; puis fournir
la solution mélangée à la pièce de détection asso-
ciée (11) pour lier les molécules de reconnaissance
qui n’ont pas réagi dans la solution mélangée à un
étalon immobilisé sur la pièce de détection (11) ; net-
toyer la pièce de détection (11) ; puis mesurer opti-
quement les molécules de reconnaissance liées à
l’étalon avec des étiquettes optiques fournissant une
fluorescence, une diffusion de lumière ou une ab-
sorption de lumière.

10. Procédé de mesure de microanalyse comprenant
les opérations suivantes : introduire un échantillon
contenant une substance à analyser et un réactif

contenant des molécules de reconnaissance pou-
vant se lier spécifiquement à la substance à analyser
respectivement dans chacun des premiers microca-
naux (4) et dans chacun des deuxièmes microca-
naux (5) de l’appareil de mesure pour microanalyse
selon l’une quelconque des revendications 1 à 8 ;
peser la substance à analyser et le réactif par volume
correspondant à la capacité du canal ; introduire
chaque paire de substance à analyser et de réactif
ainsi pesés dans la chambre associée (10) en une
solution mélangée, en provoquant le mélange et la
réaction de la solution mélangée dans la chambre
(10) et le canal de mélange associé (12) ; puis fournir
la solution mélangée à la pièce de détection asso-
ciée (11) pour lier les molécules de reconnaissance
qui n’ont pas réagi dans la solution mélangée à un
étalon immobilisé sur la pièce de détection (11) ; la-
ver la pièce de détection (11) ; puis mesurer de façon
électrochimique les molécules de reconnaissance
liées à l’étalon.

11. Procédé de mesure de microanalyse comprenant
les opérations suivantes : introduire un échantillon
contenant une substance à analyser et un réactif pro-
duisant une couleur ou émettant de la lumière par
une réaction propre à la substance à analyser res-
pectivement dans chacun des premiers microca-
naux (4) et dans chacun des deuxièmes microca-
naux (5) de l’appareil de mesure pour microanalyse
selon l’une quelconque des revendications 1 à 7 ;
peser la substance à analyser et le réactif par volume
correspondant à la capacité du canal ; introduire
chaque paire de substance à analyser et de réactif
ainsi pesés dans la chambre associée (10) en une
solution mélangée, en provoquant le mélange et la
réaction de la solution mélangée dans la chambre
(10) et le canal de mélange associé (12) ; puis me-
surer la couleur produite ou la lumière émise de la
solution mélangée dans la pièce de détection asso-
ciée (11).

12. Procédé de mesure de microanalyse comprenant
les opérations suivantes : introduire un échantillon
contenant une substance à analyser et un réactif for-
mant des agrégats par une réaction propre à la subs-
tance à analyser respectivement dans chacun des
premiers microcanaux (4) et dans chacun des
deuxièmes microcanaux (5) de l’appareil de mesure
pour microanalyse selon l’une quelconque des re-
vendications 1 à 7 ; peser la substance à analyser
et le réactif par volume correspondant à la capacité
du canal ; introduire chaque paire de substance à
analyser et de réactif ainsi pesés dans la chambre
associée (10) en une solution mélangée, en provo-
quant le mélange et la réaction de la solution mélan-
gée dans la chambre (10) et le canal de mélange
associé (12) ; puis mesurer la turbidité de la solution
mélangée dans la pièce de détection associée (11).
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13. Procédé de mesure de microanalyse comprenant
les opérations suivantes : introduire un échantillon
contenant une substance à analyser et un réactif
contenant des molécules de reconnaissance pou-
vant se lier spécifiquement à la substance à analyser
respectivement dans chacun des premiers microca-
naux (4) et dans chacun des deuxièmes microca-
naux (5) de l’appareil de mesure pour microanalyse
selon l’une quelconque des revendications 1 à 7 ;
peser la substance à analyser et le réactif par volume
correspondant à la capacité du canal ; introduire
chaque paire de substance à analyser et de réactif
ainsi pesés dans la chambre associée (10) en une
solution mélangée, en reliant toutes les molécules
de reconnaissance de substance à analyser d’un
autre type immobilisées dans la chambre (10), la
substance à analyser et la molécule de reconnais-
sance dérivée du réactif dans un procédé en
sandwich ; puis introduire dans la chambre (10) par
le troisième microcanal (6) une solution d’une subs-
tance digestible avec une enzyme de marquage sur
la molécule de reconnaissance pour déplacer la so-
lution mélangée dans la chambre (10) ; introduire un
produit obtenu par digestion avec l’enzyme de mar-
quage dans la pièce de détection associée (11) et
piéger le produit dans la pièce de détection (11) ; et
déterminer indirectement la concentration en subs-
tance à analyser dans l’échantillon en mesurant la
concentration du produit dans la pièce de détection
(11).
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