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(57) ABSTRACT

Provided are an apparatus and method for detecting biomol-
ecules. The apparatus includes a FET having a substrate, a
source electrode, a drain electrode, a channel region between
the source and drain electrodes, and probe molecules fixed to
the channel region, wherein the source and drain electrodes
are separated on the substrate, a microfluid supplier selec-
tively supplying one of a reference buffer solution of low
ionic concentration and a reaction solution of high ionic con-
centration containing target molecules, to the channel region
of the FET to which the probe molecules are fixed, and a
biomolecule detector detecting the target molecules by mea-
suring a first current value of the channel region of the FET,
and a second current value of the channel region of the FET to
which the target molecules and the probe molecules that bind
to each other in the reaction solution of high ionic concentra-
tion are fixed.
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APPARATUS AND METHOD FOR
DETECTING BIOMOLECULES

TECHNICAL FIELD

[0001] The present invention relates to an apparatus and
method for detecting biomolecules, and more particularly to
an apparatus and method for detecting biomolecules using a
field effect transistor (FET).

[0002] The present invention has been derived from a
research undertaken as a part of the information technology
(IT) development business by Ministry of Knowledge
Economy and Institute for Information Technology Advance-
ment, Republic of Korea (Project management No.: 2005-S-
007-03, Project title: Ubiquitous health care module system).

BACKGROUND ART

[0003] A transistor-based biosensor including a transistor
is one of apparatuses for detecting biomolecules using an
electrical signal. The transistor-based biosensor, which is fab-
ricated through a semiconductor process, has such an advan-
tageous merit as rapid switching of an electrical signal, and
thus many studies are being conducted on the transistor-based
biosensor.

[0004] Inparticular, an apparatus (or biosensor) for detect-
ing biomolecules using a field effect transistor (FET) requires
low cost and short time, and is compatible with IC/MEMS
process easily.

[0005] In a biosensor using a FET, target molecules (or
analyst molecules, analytes) bind to probe molecules (or
receptor molecules, acceptors)ina channel region or a gate of
the FET, so that the amount of current flowing through the
channel region varies due to a variation in a surface charge
transferred to the channel region of the FET. This is used to
detect the target molecules.

[0006] The intensity of a current flowing through the chan-
nel region may vary because the Debye length of a surface
charge varies according to an ionic strength of a solution, that
is, ion concentration. Therefore, target molecules can be
detected using the FET under condition that the ionic strength
of an electrolyte solution containing the target molecules is
smaller than a charge quantity of the target molecule.

[0007] Meanwhile, body fluids including biomolecules,
e.g., blood, serum, plasma, urine. or saliva, have different ion
concentration for each person, and have relatively high ionic
strength. Therefore, it is difficult to detect biomolecules by
providing the biomolecules to the channel region of the FET
directly. Moreover, even though the biomolecules are
detected by measuring the current intensity of the channel
region, the reliability and re-producibility become poor. Con-
sequently, a buffer solution, which maintains the ion concen-
tration constantly, is required to detect the biomolecules.
Alternatively, body fluids containing the biomolecules should
be diluted to detect the biomolecules. That is, typical appa-
ratuses for detecting biomolecules using a FET can detect the
biomolecules only if the solution has a low ionic strength.

DISCLOSURE OF INVENTION
Technical Problem

[0008] The present invention provides an apparatus for
detecting biomolecules in a solution having a high ionic
strength.
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[0009] The present invention also provides a method for
detecting biomolecules in a solution having a high ionic
strength.

[0010] The object of the present invention is not limited to
the aforesaid, but other objects not described herein will be
clearly understood by those skilled in the art from following
description.

Technical Solution

[0011] Embodiments of the present invention provide
apparatuses for detecting biomolecules including: a field
effect transistor (FET) comprising a substrate, a source elec-
trode, a drain electrode, a channel region between the source
and drain electrodes, and probe molecules fixed to the chan-
nel region, wherein the source and drain electrodes are space
apart from each other on the substrate; a microfluid supplier
selectively supplying one ofa reference buffer solution of low
ionic concentration and a reaction solution of high ionic con-
centration containing target molecules, to the channel region
of the FET to which the probe molecules are fixed; and a
biomolecule detector detecting the target molecules by mea-
suring a first current value of the channel region of the FET to
which the probe molecules are fixed, and a second current
value of the channel region of the FET to which the target
molecules and the probe molecules that bind to each other in
the reaction solution of high ionic concentration are fixed.

[0012] In other embodiments of the present invention,
methods for detecting biomolecules include: providinga FET
comprising a substrate, a source electrode, a drain electrode,
achannel region between the source and drain electrodes, and
probe molecules fixed to the channel region, wherein the
source and drain electrodes are space apart from each other on
the substrate; supplying a reference buffer solution of low
ionic concentration to the channel region to which the probe
molecules are fixed, and measuring a first current value flow-
ing through the channel region; binding the target molecules
to the probe molecules by supplying a reaction solution of
high ionic concentration containing the target molecules to
the channel region to which the probe molecules are fixed;
removing the reaction solution of high ionic concentration
after reaction by supplying the reference buffer solution of
low ionic concentration to the channel region where the target
molecules bind to the target molecules, and measuring a
second current value flowing through the channel region in
the reference buffer solution of low ionic concentration; and
detecting the target molecules using a difference between the
first and second current values.

[0013] Other details of embodiments are included in Mode
for Invention and accompanying drawings.

Advantageous Effects

[0014] According to an apparatus and method for detecting
biomolecules using a field effect transistor (FET) of the
present invention, it is possible to detect biomolecules by
measuring a variation in a current flowing through a channel
region of the FET in a reference buffer solution of low ionic
concentration before and after probe molecules and target
molecules (i.e., biomolecules) bind to each other in a reaction
solution of high ionic strength.
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[0015] That is, biomolecules can be detected by directly
supplying the biomolecules contained in a solution of high
ionic strength to a channel region of the FET.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Theaccompanying figures are included to provide a
further understanding of the present invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate exemplary embodiments of the present
invention and, together with the description, serve to explain
principles of the present invention. In the figures:

[0017] FIG.1isablock diagram of an apparatus for detect-
ing biomolecules according to an embodiment of the present
invention;

[0018] FIG.2isaschematic sectional view of the apparatus
for detecting biomolecules according to the embodiment of
the present invention;

[0019] FIGS. 3 and 4 are schematic plan views of the appa-
ratus for detecting biomolecules according to the embodi-
ment of the present invention;

[0020] FIG.51isaflowchart illustrating a method for detect-
ing biomolecules according to an embodiment of the present
invention;

[0021] FIGS. 6 through 8 are sectional views illustrating a
method for detecting biomolecules in sequence according to
an embodiment of the present invention;

[0022] FIGS.9 through 13 are sectional views illustrating a
method for detecting biomolecules in sequence according to
another embodiment of the present invention;

[0023] FIG. 14 illustrates scanning electron microscope
(SEM) views showing binding states of target molecules to
probe molecules when reaction solutions are removed with a
reference buffer solution, after the target molecules bind to
the probe molecules in the respective reaction solutions hav-
ing different ion concentrations; and

[0024] FIG. 15 is a quantification table showing remaining
degrees of probe and target molecules bound to each other,
when a FET is washed after the target molecules bind to the
probe molecules.

MODE FOR THE INVENTION

[0025] Advantages and features of the present invention,
and implementation methods thereof will be clarified through
following embodiments described with reference to the
accompanying drawings. The present invention may, how-
ever, be embodied in different forms and should not be con-
strued as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the
present invention to those skilled in the art. Further, the
present invention is only defined by scopes of claims. Like
reference numerals refer to like elements throughout.

[0026] Inthe following description, the technical terms are
used only for explain a specific exemplary embodiment while
not limiting the present invention. The terms of a singular
form may include plural forms unless referred to the contrary.
The meaning of ‘include’, ‘comprise’, ‘including’, or ‘com-
prising’, specifies a property, a region, a fixed number, a step,
a process, an element and/or a component but does not
exclude other properties, regions, fixed numbers, steps, pro-
cesses, elements and/or components. It will be understood
that when an element such as a layer, film, region, or substrate
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is referred to as being ‘on’ another element, it can be directly
on the other element or intervening elements may also be
present.

[0027] Additionally, the embodiment in the detailed
description will be described with sectional views as ideal
exemplary views of the present invention. In the figures, the
dimensions of layers and regions are exaggerated for clarity
of illustration. Accordingly, shapes of the exemplary views
may be modified according to manufacturing techniques and/
or allowable errors. Therefore, the embodiments of the
present invention are not limited to the specific shape illus-
trated in the exemplary views, but may include other shapes
that may be created according to manufacturing processes.
Areas exemplified in the drawings have general properties,
and are used to illustrate a specific shape of a semiconductor
package region. Thus, this should not be construed as limited
to the scope of the present invention.

[0028] In the specification, biomolecules are molecules of
living organisms, representing specific attributes. The bio-
molecules have the same meaning as a target molecule or
analytes.

[0029] Herebelow, an apparatus for detecting biomolecules
according to embodiments of the present invention will be
more fully described.

[0030] FIG. 1isa block diagram of an apparatus for detect-
ing biomolecules according to an embodiment of the present
invention. FIG. 2 is a schematic sectional view of the appa-
ratus for detecting biomolecules according to the embodi-
ment of the present invention. FIGS. 3A and 3B are schematic
plan views of the apparatus for detecting biomolecules
according to the embodiment of the present invention.

[0031] Referring to FIG. 1, the apparatus (or biosensor,
biochip, or microarray) for detecting biomolecules according
to the embodiment of the present invention includes a field
effect transistor (FET) 12, a microfluid supplier 14, a control-
ler 16, and a biomolecule detector 18.

[0032] The FET 12 is a biosensor, which can detect bio-
molecules according to a variation in a current flowing
through a channel region thereof. Probe molecules are fixed
to the channel region of the FET 12, and a current value of the
channel region varies when target molecules (i.e., biomol-
ecule or analytes) bind to the probe molecules. The intensity
of a current flowing through the channel region may vary asa
Debye length ofa surface charge varies with the ionic strength
of a solution provided to the channel region of the FET 12,
that is, ion concentration.

[0033] The microfluid supplier 14, which is the channel
region of the FET 12 to which the probe molecules are fixed,
selectively supplies a reference buffer solution of low ionic
concentration and a reaction solution of high ionic concen-
tration containing biomolecules. In addition, the microfluid
supplier 14 can supply a stabilization buffer solution for sta-
bilizing charges around the probe molecules.

[0034] The controller 16 controls a plurality of microfluids
to be supplied to the channel region of the FET 12 from the
microfluid supplier 14. That is, the controller 16 can supply
one of the reference buffer solution of low ionic concentra-
tion, the reaction solution of high ionic concentration, and the
stabilization buffer solution, to the channel region of the FET
12. Furthermore, the controller 16 can control a supplying
sequence and/or supplying duration of the microfluids.

[0035] The biomolecule detector 18 can measure a current
value that varies depending on the microfluids supplied to the
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channel region of the FET 12, and thus detects the biomol-
ecules through analysis of the measured current value.

[0036] Referring to FIGS. 2, 3 and 4, the FET 12 including
an n- or p-type FET includes a substrate 100, a source elec-
trode 112, a drain electrode 114, and a channel region 116.

[0037] A bulk semiconductor substrate may be used for the
substrate 100 where the FET 12 is formed. Alternatively, a
silicon-on-insulation (SOI) substrate may be used as the sub-
strate 100 so as to reduce a leakage current of the FET 12 and
increase a driving current. In addition, other substrates
formed of silicon oxide, titanium oxide, acryl resin, epoxy
resin, polyimide, etc., may be used for the substrate 100.

[0038] The source and drain electrodes 112 and 114 may be
spaced apart from each other by a predetermined distance on
the substrate 100. A voltage may be applied to the source and
drain electrodes 112 and 114. The channel region 116 is
provided between the source and drain electrodes 112 and
114. Further, a contact layer 110 may be provided under the
source and drain electrodes 112 and 114, and electrically
connects the source and drain electrodes 112 and 114 to each
other.

[0039] The channel region 116 of the FET 12 may include
an impurity-doped layer. a semiconductor layer, an oxide
layer, a compound layer, a carbon nanotube (CNT) or a semi-
conductor nanowire. In embodiments of the present inven-
tion, description will be made on the assumption that the
channel region 116 includes a doped layer.

[0040] The doped layer may include a diffusion layer
formed through impurity diffusion, an ion implantation layer
formed through impurity ion implantation, or an epitaxial
layer formed through epitaxial growth. The doped layer may
have a conductive type complementary to that of the substrate
100. For example, the doped layer may have p-type conduc-
tivity if the semiconductor substrate 100 has n-type conduc-
tivity.

[0041] The surface of the channel region 116 including the
doped layer between the source and drain electrodes 112 and
114 may be surface-treated to fix the probe molecules 120.
For example, a carboxyl group (—COOH), a thiol group
(—SH), a hydroxyl group (—OH), a silane group, an amine
group, or an epoxy group may be introduced to the surface of
the dope layer that has been surface-treated.

[0042] Although it is described that the channel region
between source and drain electrodes 112 and 114 may include
the doped layer in the embodiment of the present invention, a
gate electrode may be provided on the semiconductor sub-
strate 100 between the source and drain electrodes 112 and
114. Alternatively, the source and drain electrodes 112 and
114 may be a doped region formed by doping impurities into
the semiconductor substrate 100.

[0043] Inthe FET 12, the probe molecules 120 are fixed on
the channel region 116 to detect the biomolecules, i.e., target
molecules. The probe molecules 120 may be directly fixed to
the surface of the channel region 116 of the FET 12, or may be
fixed to the surface of the channel region 116 by using organic
molecules as intermediate molecules. The probe molecule
120 may include a protein, a cell, a virus, or a nucleic acid
depending on a biomolecule to be detected. In this case, the
protein may include any biomolecule such as an antigen, an
antibody, a matrix protein, an enzyme, a coenzyme, a ligand,
an aptamer, and a receptor or the like, and the nucleic acid
may include DNA, RNA, PNA, LNA, or hybrids thereof.
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[0044] Also, the channel region 116 of the FET 12 to which
the probe molecules 120 are fixed may be connected to the
microfluid supplier 14 that supplies the microfluids to detect
the biomolecules.

[0045] The microfluid supplier 14 supplies the respective
microfluids, which are used to detect the biomolecules, to the
channel region 116 of the FET 12. The microfluid supplier 14
selectively supplies the plurality of microfluids to the FET 12
so as to detect the biomolecules. That is, the microfluid sup-
plier 14 selectively supplies of the reference buffer solution of
low ionic concentration, the reaction solution of high ionic
concentration containing the biomolecules, and the reference
buffer solution of low ionic concentration, to the channel
region 116 of the FET 12 in sequence.

[0046] The microfluid supplier 14 may include at least one
or more fluid channels that respectively supply the plurality of
microfluids to the FET 12. The fluid channels may be formed
on the substrate 10 where the FET 12 is formed.

[0047] To be specific, the microfluid supplier 14 may
include a first fluid channel 210, a second fluid channel 220,
and a joint channel 240.

[0048] The first and second fluid channels 210 and 220,
through which different fluids flow respectively, are separated
from each other. The joint channel 240 serves as a pathway
supplying the fluids flowing through the first and second fluid
channels 210 and 220 to the channel region 116 of the FET 12.
One end of the joint channel 240 may be connected to the first
and second fluid channels 210 and 220, and the other end is
connected to the channel region 116 of the FET 12. That is,
the first and second channel regions 210 and 220 are divided
from the joint channel 240.

[0049] In addition, the microfluid supplier 14 may further
include a third fluid channel 230 supplying the stabilization
buffer solution, as illustrated in FIG. 4. The third fluid channel
230 may be connected to the joint channel 240 together with
the first and second fluid channels 210 and 220.

[0050] In the embodiments of the present invention, the
fluids supplied through the first, second and third fluid chan-
nels 210, 220 and 230 may be, for example, the reference
buffer solution of low ionic concentration, the reaction solu-
tion of high ionic concentration, and the stabilization buffer
solution. Each of the first through third fluid channels 210,
220 and 230 may include a one-way valve that is opened
toward the channel region 116 of the FET 12 when the solu-
tions are supplied.

[0051] Also, the microfluid supplier 14 may include a dis-
charge channel 250 on an opposite side to the joint channel
240, which can discharge the fluids of the first through third
fluid channels 210, 220 and 230.

[0052] Although it is described that the microfluid supplier
14 is formed on the substrate 10 in the embodiment of the
present invention, the present invention is not limited thereto.
Thus, the microfluid supplier used in the present invention
can variously modify in different forms. For example, the
microfluid supplier may be an independent element that is
separated from the substrate where the FET is formed.
[0053] Herebelow, a method for detecting biomolecules
according to an embodiment of the present invention will be
described with reference to FIG. 5. FIG. § is a flowchart
illustrating a method for detecting biomolecules according to
an embodiment of the present invention.

[0054] In operation S10, a FET is prepared to detect bio-
molecules, and probe molecules are then fixed to a channel
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region of the FET. That is, the probe molecules may be fixed
to the surface of a doped layer of the FET.

[0055] In operation S20, a reference buffer solution of low
ionic concentration is supplied to the channel region of the
FET to which the probe molecules are fixed. The reference
buffer solution is a buffer solution of which an ion concen-
tration is relatively low, allowing charges of the probe mol-
ecules to have a sufficient Debye length according as the
probe molecules bind to the target molecules.

[0056] In operation S30, a first current flowing through the
channel region to which the probe molecules are fixed is
measured by applying a voltage to source and drain electrodes
of the FET, in a state where the reference buffer solution is
supplied to the channel region of the FET. A current value
measured in operation S30 is defined as a first current value.
[0057] In operation S40, a reaction solution of high ionic
concentration is supplied to the channel region of the FET to
which the probe molecules are fixed. The reaction solution of
high ionic concentration includes biomolecules to be
detected, that is, target molecules (or analytes). The reaction
solution of high ionic concentration containing the target
molecules is a solution of which an ion concentration is high,
for example, blood (or blood serum or plasma), urine, or
saliva obtained from living organisms. The reaction solution
of high ionic concentration may provide the optimized con-
ditions for binding of the target molecules to the probe mol-
ecule in the channel region of the FET. That is, as the reaction
solution ofhigh ionic concentration is supplied to the channel
region of the FET, the target molecules bind to the probe
molecules. Herein, even though the target molecules bind to
the probe molecules, a Debye length of a biomolecule charge
is shortened dueto the high ionic concentration of the reaction
solution, which makes it difficult to measure a variation in
current flowing through the channel region of the FET.
[0058] In operation S50, the reference buffer solution of
low ionic concentration is supplied to the channel region of
the FET where the target molecules bind to the probe mol-
ecules. The reference buffer solution supplied herein may be
the same as the reference buffer solution used in operation
S20. The reference buffer solution supplied in operation S50
removes the reaction solution of high ionic concentration
containing the target molecules unbound to the probe mol-
ecules. The reference buffer solution provides a sufficient
Debye length to the probe molecules bound to the target
molecules, which makes it possible to measure a current
variation of the channel region according to the binding of the
target molecules.

[0059] In operation S60, a second current flowing through
the channel region is measured by applying a voltage to the
source and drain electrodes of the FET in the reference buffer
solution of low ionic concentration. Herein, a current value
measured in operation S60 is defined as a second current
value.

[0060] In operation S70, a difference between the first and
second current values is calculated and analyzed, thereby
detecting biomolecules. That is, the biomolecules in the reac-
tion solution of high ionic concentration can be detected by
analyzing the current value of the channel region in case
where the target molecules do not bind to the probe mol-
ecules, and the current value of the channel region in case
where the target molecules bind to the probe molecules.
[0061] Herebelow, a method for detecting biomolecules
using the apparatus for detecting biomolecules of FIG. 1 will
be more fully described with reference to FIGS. 6 through 8.
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FIGS. 6 through 8 are sectional views illustrating the method
for detecting biomolecules in sequence according to an
embodiment of the present invention.

[0062] Referring to FIG. 6, a reference buffer solution 1 of
low ionic concentration is supplied to a channel region 116 of
a FET to which probe molecules are fixed. A voltage is
applied to source and drain electrodes 112 and 114 of the FET
to measure a current of the channel region 116. The current
measured herein is defined as a first current. To measure the
current of the channel region 116, the reference buffer solu-
tion 1 of low ionic concentration is supplied, and a saturation
current is then measured after a predetermined time elapses.
[0063] Here, the probe molecule fixed to the channel region
116 of the FET may include, for example, a protein, a nucleic
acid, an organic molecule, or an inorganic molecule. In this
case, the protein may include any biomolecule such as an
antigen, an antibody, a matrix protein, an enzyme, a coen-
zyme, or the like, and the nucleic acid may include DNA,
RNA, PNA, LNA, or hybrids thereof.

[0064] The reference buffer solution 1 of low ionic concen-
tration may be supplied to the channel region 116 of the FET
through a first fluid channel 210 and a joint channel 240. The
reference buffer solution of low ionic concentration is a buffer
solution of which an ion concentration is relatively low,
allowing charges of the probe molecules to have a sufficient
Debye length according as the probe molecules bind to the
target molecules. The reference buffer solution allows a pre-
determined pH to be maintained. For example, the reference
buffer solution 1 may include NaCl, KCl, sodium phosphate
of which concentration ranges from few

uM

[0065] to several tens of mM, or may include ions similar to
blood (blood serum or plasma), urine, or saliva obtained from
living organisms.

[0066] Theprobe molecules 120 fixed to the channel region
116 of the FET may have positive or negative charges on the
surface of the doped channel region 116 in the reference
buffer solution of low ionic concentration. When a voltage is
applied to the source and drain electrodes 112 and 114, a
current flows between the source and drain electrodes 112 and
114 through the doped channel region 116. That is, a voltage
is applied to the source and drain electrodes 112 and 114,
holes or electrons existing in the doped channel region 116 as
carriers are affected by the ionic strength of the reference
buffer solution 1, thereby changing the value of current flow-
ing through the doped channel region 116.

[0067] The value of the current flowing through the doped
channel region 116 may vary depending on the quantity of a
net charge (positive or negative charge) of the probe molecule
120 fixed to the surface of the doped channel region 116. In
other words, the probe molecules 120 may be fixed to the
surface of the channel region 116 in such a way to have
positive or negative charges. By contrast, neutral molecules
may be fixed to the surface of the doped channel region 116.
As the quantity of the net charge (positive or negative charge)
fixed to the surface of the doped channel region 116 increases,
the amount of carriers, i.e., the amount of holes or electrons
on the surface of the doped channel region 116 may vary,
leading to a variation in a current flowing through the doped
channel region 116.

[0068] Referring to FIG. 7, thereafter, a reaction solution 2
ofhigh ionic concentration containing target molecules 130 is
supplied to the channel region 116 of the FET to which the
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probe molecules 120 are fixed, so that the target molecules
130 bind to the prove molecules 120. The target molecules
130 bound to the probe molecules 120 fixed to the channel
region 116 of the FET provide a new positive or negative
charge to the surface of the doped channel region 116. The
value of current flowing through the doped channel region
116 may vary with the quantity of the net charge (positive or
negative charge) of the target molecule 130 bound to the
probe molecule 120 fixed to the surface of the doped channel
region 116. That is, the target molecules 130 bound to the
probe molecules 120 have a negative or positive charge on the
surface of the doped channel region 116 according to pH of
the reference buffer solution. According to the quantity of
positive or negative charge of the target molecule 130 newly
supplied to the surface of the doped channel region 116, the
carrier type, i.e., hole or electron, in the doped channel region
116 may be changed, which leads to a variation in current
flowing through the doped channel region 116 between the
source and drain electrodes 112 and 114.

[0069] The reaction solution 2 of high ionic concentration
may be supplied to the channel region 116 of the FET via the
second fluid channel 220 and the joint channel 240. The
reaction solution 2 of high ionic concentration containing the
target molecules 130 is a solution of high ionic concentration,
for example, blood (blood serum or plasma), urine, or saliva
obtained from living organisms. The reaction solution 2 of
high ionic concentration may include not only the target
molecules 120, but also nonspecific molecules 140 that donot
bind to the probe molecules 120.

[0070] As the reaction solution of high ionic concentration
is supplied to the channel region 116 of the FET, the target
molecules 130 bind to the probe molecules 120 in the doped
channel region 116 of the FET. In the channel region 116, the
target molecules 130 bind to the probe molecules 120 through
well-known binding mechanisms such as nucleic acid hybrid-
ization, antigen-antibody reaction, and enzyme binding reac-
tion. The reaction solution of high ionic concentration can
optimize the binding of the target molecules to the probe
molecules 120.

[0071] For reference, the binding force between the probe
molecule 120 and the target molecule 130 is weak in the
reaction solution of low ionic concentration containing the
target molecules 130. Therefore, when the reaction solution 2
of low ionic concentration is washed through supplying the
reference buffer solution 1 oflow ionic concentration after the
target molecules 130 bind to the probe molecules 120, the
bonds between the probe molecule 120 and the target mol-
ecule 130 may be broken. Thus, the reaction solution should
be carefully selected in this case.

[0072] Referring to FIG. 8, the reference buffer solution 1
of low ionic concentration is supplied to the channel region
116 of the FET where the target molecules 130 bind to the
probe molecules 120, and then a current flowing through the
channel region 116 of the FET is measured. Herein, the mea-
sured current is defined as a second current value. To measure
the current of the channel region 116, the reference buffer
solution 1 of low ionic concentration is supplied first, and a
saturation current is then measured after the current value of
the channel region 116 is stabilized.

[0073] Here, as the reference buffer solution 1 is supplied to
the channel region 116 of the FET, the reaction solution 2 of
high ionic concentration, which contains the target molecules
130 not bound to the probe molecules 120 and the nonspecific
molecules 140, is removed. When the reaction solution 2 of
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high ionic concentration is removed by the reference buffer
solution 1, the binding of the target molecules 130 to the
probe molecules 120 is still maintained in the channel region
116 of the FET.

[0074] After the second current value is measured, a differ-
ence between the first and second current values is analyzed
to detect the target molecule 130. That is, it is possible to
detect the target molecules 130 in the reaction solution 2 of
high ionic concentration because the variation in current
value before and after the target molecule 130 bind to the
probe molecule 120 through the reference buffer solution of
low ionic concentration.

[0075] Herebelow, a method for detecting biomolecules
using an apparatus for detecting biomolecules according to
another embodiment of the present invention will be
described with reference to FIGS. 6 A through 6E. FIGS. 6 A
through 6E are sectional views illustrating a method for
detecting biomolecules in sequence according to another
embodiment of the present invention.

[0076] The method for detecting biomolecules according
to another embodiment of the present invention further
includes stabilizing a surrounding atmosphere of a probe
molecule 120 fixed to a channel region 116 by supplying a
stabilization solution to the channel region 116 of a FET
before or after a reference buffer solution 1 of low ionic
concentration is supplied to the channel region 116.

[0077] Referring to FIG. 9, the reference buffer solution 1
of low ionic concentration is supplied to the channel region
116 ofthe FET fixed to the probe molecule 120. The reference
buffer solution 1 of low ionic concentration is a buffer solu-
tion of which an ion concentration is relatively low, allowing
charges of the probe molecules to have a sufficient Debye
length according as the probe molecules 130 bind to the probe
molecules 120. The reference buffer solution allows a prede-
termined pH to be maintained.

[0078] Referring to FIG. 10, a stabilization solution 3 is
supplied to the channel region 116 of the FET to which the
probe molecules 120 are fixed, thus removing the reference
buffer solution of low ionic concentration from the channel
region 116.

[0079] That is, charges of the probe molecules 120 fixed to
the channel region 116 may change the Debye length due to
high ionic concentration as well as the binding of the probe
molecules to the target molecules 130, and thus it is necessary
to stabilize ionic properties around the probe molecules 120.
Therefore, the stabilization solution 3 of high ionic concen-
tration is supplied after the reference buffer solution of low
ionic concentration is supplied.

[0080] The stabilization buffer solution 3 is a buffer solu-
tion having an ionic strength similar to that of the reaction
solution 2 of high ionic concentration containing the target
molecules 130. The stabilization buffer solution 3 may be
supplied to the channel region 116 of the FET through a third
fluid channel and a joint channel, independently of the first
and second fluid channels.

[0081] Referringto FIG. 11, the surrounding atmosphere of
the probe molecules 120 is stabilized by the stabilization
buffer solution 3, and thereafter the reference buffer solution
1 of low ionic concentration may be supplied to the channel
region 116 of the FET again.

[0082] As the reference buffer solution 1 of low ionic con-
centration is supplied, the stabilization buffer solution 30 is
removed from the channel region 116. Afterwards, in a state
where the surrounding atmosphere of the probe molecules
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120is stabilized, a current flowing through the channel region
116 is measured by applying a voltage to the source and drain
electrodes 112 and 114 of the FET. Accordingly, a saturation
current flowing through the channel region 116 in the refer-
ence buffer solution 1 of low ionic concentration is measured.
A current measured herein may be defined as the first current
value.

[0083] As illustrated in FIGS. 6A through 6C, the supply-
ing of the reference buffer solution 1 and the stabilization
buffer solution 3 may be performed once or more before the
reaction solution 2 of high ionic concentration is supplied.
[0084] Subsequently, referring to FIG. 12, the reaction
solution 2 of high ionic concentration containing the target
molecules 130 is supplied to the channel region 116 of the
FET to which the probe molecules 120 are fixed. The reaction
solution of high ionic concentration containing the target
molecules 130 is a solution of high ionic concentration, for
example, blood (blood serum or plasma), urine, or saliva
obtained from living organisms. The reaction solution 2 of
high ionic concentration may include not only the target
molecules 120, but also nonspecific molecules 140 that donot
bind to the probe molecules 120.

[0085] As the reaction solution 2 of high ionic concentra-
tion is supplied to the channel region 116, the target mol-
ecules 130 bind to the probe molecules 120 in the channel
region 116 of the FET.

[0086] After the reaction solution 2 of high ionic concen-
tration is supplied. a stabilization buffer solution (not shown)
may be supplied. That is, the binding of the target molecules
130 to the probe molecules 120 is maintained for a sufficient
time, and then the stabilization buffer solution (not shown)
may be supplied to the channel region 116 of the FET. Alter-
natively, it is also possible to bind the target molecules 130 to
the probe molecules 120 by alternatively supplying the reac-
tion solution 2 of high ionic concentration and the stabiliza-
tion buffer solution (not shown).

[0087] Thereafter, referring to FIG. 13, the reference buffer
solution 1 of low ionic concentration is supplied to the chan-
nelregion 116 of the FET where the target molecules 130 bind
to the probe molecules 120, and a current flowing through the
channel region 116 is then measured. Here, as the reference
buffer solution 1 of low ionic concentration is supplied, the
reaction solution 2 of high ionic concentration containing
nonspecific molecules 140 and the target molecules 130 not
bound to the probe molecules 120 is removed. Afterwards, a
saturation current is measured in a state where the current
value of the channel region 116 is stabilized. The current
measured herein may be defined as a second current value.
[0088] The second current value is a current value resulted
from the binding of the target molecules 130 to the probe
molecules 120 in the reference buffer solution 1 of low ionic
concentration. Therefore, the target molecules 130 can be
detected through a difference between the first and second
current values of the probe molecules 120.

[0089] As illustrated in another embodiment of the present
invention, a reference current value can be more accurately
measured by supplying the stabilization buffer solution 3 to
the channel region 116 of the FET before the first current
value resulted from the probe molecules 120 is measured
using the reference buffer solution 1. Consequently, it is pos-
sible to improve the reliability of the method for detecting
biomolecules.

[0090] FIG. 14 illustrates scanning electron microscope
(SEM) views showing binding states of target molecules to
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probe molecules when reaction solutions are removed with a
reference buffer solution after the target molecules bind to the
probe molecules in the respective reaction solutions having
different ion concentrations. FIG. 15 is a quantification table
showing remaining degrees of probe molecules and target
molecules bound to each other, when a reaction solution is
removed from a silicon substrate after the target molecule
binds to the probe molecule.

[0091] A prostate specific antigen (PSA) was used as the
target molecule, and a monoclonal anti-PSA was used as the
probe molecule. 5

uM

[0092] phosphate buffer (PB) solution was used as the ref-
erence buffer solution of low ionic concentration, 5

uM

[0093] PB solution containing PSA was used as the reac-

tion solution of high ionic concentration, and 10 mM phos-
phate buffered saline (PBS) containing PSA was used as the
reaction solution of high ionic concentration. Furthermore,
the anti-PSA on the surface of the channel region were bound
to polyclonal anti-PSA Au Nps conjugates in order to indicate
the remaining degree of the probe molecule and the target
molecule.

[0094] Referring to the substrates aand b in FIGS. 7 and 8,
when the reaction solution of high ionic strength (10 mM
PBS) is removed by supplying the reference buffer solution of
low ionic strength (5

uM

[0095] PB solution) to the channel region of the FET where
the anti-PSA was bound to the PSA, after binding the anti-
PSA to the PSA in the reaction solution of high ionic concen-
tration (10 mM PBS), it can be observed that most of the
bound anti-PSA and PSA remains.

[0096] On the contrary, referring to the substrates ¢ and d in
FIGS. 7 and 8, when the reaction solution of low ionic
strength (5

uM

[0097] PB solution) is removed by supplying the reference
buffer solution of low ionic strength (5

uM

[0098] PB solution) to the silicon substrate where the anti-

PSA was bound to the PSA, after binding the anti-PSA to the
PSA in the reaction solution of low ionic concentration (5

uM

[0099] PB solution), it can be observed that most of the
bound anti-PSA and PSA are removed.

[0100] Accordingly, even though the reaction solution is
washed using the reference buffer solution of low ionic con-
centration after the target molecules bind to the probe mol-
ecules in the reaction solution of high ionic concentration, the
binding degree can be maintained about 100%. Therefore, it
is possible to detect biomolecules by measuring a variation in
current flowing through the channel region of the FET in the
reference buffer solution of low ionic concentration before
and after the target molecules bind to the probe molecules in
the reaction solution of high ionic concentration.
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[0101] The above-disclosed subject matter is to be consid-
ered illustrative, and not restrictive, and the appended claims
are intended to cover all such modifications, enhancements,
and other embodiments, which fall within the true spirit and
scope of the present invention. Thus, to the maximum extent
allowed by law, the scope of the present invention is to be
determined by the broadest permissible interpretation of the
following claims and their equivalents, and shall not be
restricted or limited by the foregoing detailed description.

1. An apparatus for detecting biomolecules, comprising:

a field effect transistor (FET) comprising a substrate, a
source electrode, a drain electrode, a channel region
between the source and drain electrodes, and probe mol-
ecules fixed to the channel region, wherein the source
and drain electrodes are space apart from each other on
the substrate;

a microfluid supplier selectively supplying one of a refer-
ence buffer solution of low ionic concentration and a
reaction solution of high ionic concentration containing
target molecules, to the channel region of the FET to
which the probe molecules are fixed; and

a biomolecule detector detecting the target molecules by
measuring a first current value of the channel region of
the FET to which the probe molecules are fixed, and a
second current value of the channel region ofthe FET to
which the target molecules and the probe molecules that
bind to each other in the reaction solution of high ionic
concentration are fixed.

2. The apparatus of claim 1, wherein the first and second
current values are measured by supplying the reference buffer
solution of low ionic concentration to the channel region of
the FET.

3. The apparatus of claim 2, wherein the biomolecule
detector detects the target molecule according to a difference
between the first and second current values.

4. The apparatus of claim 1, wherein the microfluid sup-
plier selectively supplies one of the reference buffer solution
of low ionic concentration, the reaction solution of high ionic
concentration containing the target molecules, and a stabili-
zation solution.

5. The apparatus of claim 4, wherein the reaction solution
of high ionic concentration includes blood, blood serum,
blood plasma, urine, saliva, or a high ionic concentration
solution, which contains the target molecules.

6. The apparatus of claim 4, wherein the stabilization solu-
tion is a buffer solution having an ionic strength or an ion
similar to the reaction solution of high ionic concentration.

7. The apparatus of claim 4, further comprising a controller
controlling supply durations of the reference buffer solution
of low ionic concentration, the reaction solution of high ionic
concentration containing the target molecules, and the stabi-
lization solution.

8. The apparatus of claim 1, wherein the microfluid sup-
plier comprises:

a plurality of fluid channels supplying the respective solu-

tions; and

ajoint channel connecting the plurality of fluid channels to
the channel region of the FET.

9. The apparatus of claim 1, wherein the channel region of
the FET comprises an impurity-doped layer, a semiconductor
layer, an oxide layer, a compound layer, a carbon nanotube
(CNT), or a semiconductor nanowire.

10. A method for detecting biomolecules, the method com-
prising:
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providing a FET comprising a substrate, a source elec-
trode, a drain electrode, a channel region between the
source and drain electrodes, and probe molecules fixed
to the channel region, wherein the source and drain
electrodes are space apart from each other on the sub-
strate;

supplying a reference buffer solution of low ionic concen-

tration to the channel region to which the probe mol-
ecules are fixed, and measuring a first current value
flowing through the channel region;

binding the target molecules to the probe molecules by

supplying a reaction solution of high ionic concentration
containing the target molecules to the channel region to
which the probe molecules are fixed;

removing the reaction solution of high ionic concentration

after reaction by supplying the reference buffer solution
of low ionic concentration to the channel region where
the target molecules bind to the target molecules, and
measuring a second current value flowing through the
channel region in the reference buffer solution of low
ionic concentration; and

detecting the target molecules using a difference between

the first and second current values.

11. The method of claim 10, further comprising, before the
measuring of the first current value, supplying a reference
buffer solution of low ionic concentration, and supplying a
stabilization solution.

12. The method of claim 11, wherein the supplying of the
reference buffer solution of low ionic concentration and the
supplying the stabilization solution are repeated once or
more.

13. The method of claim 11, wherein the reaction solution
of high ionic concentration includes blood, blood serum,
blood plasma, urine, saliva, or a high ionic concentration
solution, which contains the target molecules.

14. The method of claim 11, wherein the stabilization
solution has an ionic strength or an ion similar to the reaction
solution of high ionic concentration.

15. The method of claim 11, wherein the measuring of the
first or second current value of the channel region comprises
measuring a saturation current of the channel region after
supplying the reference buffer solution of low ionic concen-
tration.

16. The method of claim 10, wherein the channel region of
the FET comprises an impurity-doped layer, a semiconductor
layer, an oxide layer, a compound layer, a metal layer, a
carbon nanotube (CNT), or a semiconductor nanowire.

17. The method of claim 10, wherein the probe molecule or
the target molecule is selected from the group consisting of a
nucleic acid, a cell, avirus, a protein, an organic molecule, an
inorganic molecule, and a biomolecule.

18. The method of claim 17, wherein the nucleic acid is
selected from the group consisting of DNA, RNA, PNA,
LNA, and hybrids thereof.

19. The method of claim 17, wherein the protein is selected
from the group consisting of an enzyme, a substrate, an anti-
gen, an antibody, a ligand, an aptamer, and a receptor.

20. The method of claim 17, wherein the binding of the
target molecules to the probe molecules comprises a nucleic
acid hybridization, an antigen-antibody reaction, an enzyme
binding reaction.
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