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(57)  Provided is a method of detecting the presence

of bio-molecules or a concentration of target bio-mole- FIG. 2
cules using a field effect transistor without fixing bio-mol-

ecules on a sensing surface. The field effect transistor X
includes: a semiconductor substrate; a source region and ‘F
a drain region which are formed to be separate on the ---~4}—~
substrate and doped to have the opposite polarity to the 24
substrate; a channel region disposed between the source
region and the drain region; an insulating layer having
the sensing surface which is disposed on the channel
region and composed of an electrically insulating mate-
rial; and a reference electrode disposed above and sep-
arate from the insulating layer. The method includes pro-
viding a first sample having a first target bio-molecule to 21—~
a sensing surface of the field effect transistor and meas-
uring a change in electric signal of the field effect tran-
sistor.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The presentinvention relates to a method of detecting the presence of target bio-molecules or a concentration
of the bio-molecules using a field effect transistor.

2. Description of the Related Art

[0002] Atransistor based bio-sensor which includes a transistor is one kind of sensor that detects bio-molecules using
electric signals. A semiconductor process is used to manufacture the transistor based bio-sensor, and thus the electric
signals can be quickly converted in the transistor based bio-sensor. Accordingly, much research on this kind of sensor
has been carried out.

[0003] U.S. Patent No. 4,238,757 discloses a field effect transistor (FET) which can be used to detect biological
reactions. Using the FET, a bio-sensor measures a current change in an inversion layer of a semiconductor resulting
from changes in the surface charge concentration in order to detect an antigen-antibody reaction. Employing a bio-
sensor using the FET, a protein among the bio-molecules can be detected. U.S. Patent No. 4,777,019 discloses a sensor
for measuring a hybridization of biological monomers with complementary monomers by adsorbing the biological mon-
omers onto the surface of a gate using a FET.

[0004] U.S. Patent No. 5,846,708 discloses a method of determining presence of hybridization by an extinction of
coupled bio-molecules using a charged couple device (CCD). U.S. Patent Nos. 5,466,348 and 6,203,981 disclose a
method of increasing a ratio of signal to noise using a thin film transistor (TFT) with a circuit.

[0005] The use of the FET as a bio-sensor decreases costs and reduces the amount of time required to detect the
bio-molecules, and the FET is easily used together with an integrated circuit (ICYMEMS.

[0006] FIG. 1A is a schematic illustration of a structure of a conventional FET sensor. Referring to FIG. 1A, the FET
includes a substrate 11 doped with an n-type or a p-type material, a source 12a and a drain 12b which are formed on
both sides of the substrate 11 and doped to have the opposite polarity to the substrate 11, and a gate 13 formed on the
substrate 11 that contacts the source 12a and the drain 12b. Generally, the gate 13 includes an oxide layer 14, a poly
silicon layer 15, and a gate electrode 16. Probe bio-molecules are adhered to the sensing surface of the gate electrode
16 which faces a reference electrode 17. The probe bio-molecule binds to a target bio-molecule through a hydrogen
bond, or the like, and the bond is detected using an electrical method.

[0007] FIG. 1 B is a schematic illustration of a process of immobilizing probe bio-molecules 18 on the surface of a
gate electrode 16 of the FET illustrated in FIG. 1A and binding target bio-molecules with the probe bio-molecules 18.
Referring to FIG. 1B, a current flowing through a channel varies according to the presence of the immobilized probe bio-
molecules 18 on the surface of the gate electrode 16 and the presence of the bond between immobilized probe bio-
molecules 18 and the target bio-molecules, and thus the target bio-molecules can be detected.

[0008] Inall conventional FET structures, bio-molecules such as an oligonucleotide or a PCR product are immobilized
on the surface of a gate electrode. An immobilizing technology that is used to manufacture a microarray or a modified
technology is used to immobilize the bio-molecules. In International Publication No. WO 03/062811 for example, the
surface of a gate is treated with a poly-L-lysine (PLL) having a positive charge using a wet process, DNA is spotted
thereon using a spotter and the voltage before and after the spotting is measured.

[0009] However, a FET including bio-molecules immobilized on the surface of a gate should be disposed after each
use and the response of the sensor is slow. Further, an additional process such as a coating or depositing an additional
layer is required to immobilize the bio-molecules and it is expected that differences of characteristics between FETs by
the additional process. Also, a spotting cannot easily be used to immobilize the bio-molecules in a lab-on-a-chip.

SUMMARY OF THE INVENTION

[0010] The present invention provides a method of continuously, easily, and accurately detecting the presence of bio-
molecules and a concentration of the bio-molecules.

[0011] According to an aspect of the present invention, there is provided a method of detecting the presence of bio-
molecules or a concentration of the bio-molecules using a field effect transistor without fixing bio-molecules on a sensing
surface including: providing a first sample having a first target bio-molecule to a sensing surface of the field effect
transistor; and measuring a change in an electric signal of the field effect transistor, wherein the field effect transistor
includes: a semiconductor substrate; a source region and a drain region which are formed to be separate on the substrate
and doped to have the opposite polarity to the substrate; a channel region disposed between the source region and the
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drain region; an insulating layer having the sensing surface which is disposed on the channel region and composed of
an electrically insulating material; and a reference electrode disposed above and to be separate from the insulating layer.
[0012] In an embodiment of the present invention, the method may further include providing a second sample having
a second target bio-molecule to the sensing surface of the field effect transistor.

[0013] The method may further include washing the sensing surface of the field effect transistor with a solution not
having bio-molecules before providing the second sample having the second target bio-molecule to the sensing surface
of the field effect transistor.

[0014] The electric signal may include at least one of a drain current, a gate-source voltage, and a source-drain voltage.
[0015] The bio-molecules may be a nucleic acid or a protein.

[0016] The nucleic acid may be one of DNA, RNA, peptide nucleic acid (PNA), locked nucleic acid (LNA), and a hybrid
thereof.

[0017] The protein may be one of an enzyme, a substrate, an antigen, an antibody, a ligand, an aptamer, and a receptor.
[0018] The nucleic acid may be a polymerase chain reaction (PCR) product or a purified PCR product.

[0019] The semiconductor substrate may be silicon and the electrically insulating material may be one of a silicon
dioxide, a silicon nitride, and a metal oxide.

[0020] The substrate may be doped with an n-type material and the source region and the drain region may be doped
with a p-type material.

[0021] The substrate may also be doped with a p-type material and the source region and the drain region may be
doped with an n-type material.

[0022] The field effect transistor may be formed in a microchannel.

[0023] The substrate may be included in the inner wall of the microchannel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The above and other features and advantages of the present invention will become more apparent by describing
in detail exemplary embodiments thereof with reference to the attached drawings in which:

FIG. 1A is a schematic illustration of a structure of a conventional field effect transistor sensor;

FIG. 1 Bisaschematicillustration of a process of immobilizing probe bio-molecules on the surface of a gate electrode
of the field effect transistor illustrated in FIG. 1A and binding target bio-molecules with the probe bio-molecules;
FIG. 2 is a schematic illustration of a structure of a field effect transistor used in a method of detecting bio-molecules
of an embodiment of the present invention;

FIG. 3A is a schematic illustration of a procedure of alternately providing PCR products and a washing buffer to the
gate electrode of the field effect transistor according to an embodiment of the present invention; and

FIG. 3B is a graph illustrating a change in current when the PCR products and a washing buffer are alternately
provided to the gate electrode of the field effect transistor as shown in FIG. 3A.

DETAILED DESCRIPTION OF THE INVENTION

[0025] Hereinafter, the presentinvention will now be described more fully with reference to the accompanying drawings,
in which exemplary embodiments of the invention are shown. The invention may, however, be embodied in many different
forms and should not be construed as being 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 concept of the invention to those
skilled in the art.

[0026] A presence of bio-molecules or a concentration of the bio-molecules can be detected using a field effect
transistor according to an embodiment of the present invention without fixing bio-molecules.

[0027] FIG. 2 is a schematic illustration of a structure of a field effect transistor for use in a method of detecting bio-
molecules according to an embodiment of the present invention.

[0028] Referring to FIG. 2, the field effect transistor for use in the method of detecting bio-molecules includes: a
substrate 21 composed of a semiconductor material; a source region 22a and a drain region 22b which are separately
formed on the substrate 21 and doped to have the opposite polarity to the substrate 21; a channel region formed between
the source region 22a and the drain region 22b; an insulating layer 23 having a sensing surface 23’ which is disposed
on the channel region and composed of an electrically insulating material; and the reference electrode 24 apart from
the insulating layer 23.

[0029] The field effect transistor for use in an embodiment of the present invention may be any field effect transistor
that is commonly used in a conventional bio-sensor or in a complementary metal oxide semiconductor (CMOS) which
can be a n-metal oxide semiconductor (n-MOS) or a p-metal oxide semiconductor (p-MOS). When the substrate 21 is
doped with an n-type material, the source 22a and the drain 22b are doped with a p-type material. On the other hand,
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when the substrate 21 is doped with a p-type material, the source 22a and the drain 22b are doped with an n-type material.
[0030] Inthe field effect transistor, the source 22a may supply carriers such as free electrons or a hole, and the drain
22b may be a region to which the carriers supplied by the source 22a reaches, and the gate electrode 24 may control
the flow of the carriers between the source 22a and the drain 22b.

[0031] The semiconductor constituting the substrate 21 may be silicon, the electrically insulating material constituting
the insulating layer 23 may be any material on which bio-molecules do not become fixed, for example one of a silicon
dioxide, a silicon nitride, and a metal oxide. Alternatively, an additional layer composed of another material on which
bio-molecules do not become fixed may further be formed on the insulating layer 23.

[0032] The field effect transistor may be formed in a microchannel. Here, the substrate 21 may be included in the
inner wall of the microchannel, and the gate electrode 24 may be disposed in the microchannel or on the inner wall of
the microchannel.

[0033] Inthe method of detecting bio-molecules according to an embodiment of the presentinvention, the bio-molecules
can be detected using the field effect transistor without fixing bio-molecules.

[0034] First, a first sample having a first target bio-molecule is provided to a gate electrode of the field effect transistor.
[0035] The bio-molecule may be a nucleic acid or a protein.

[0036] The "nucleic acid" is meant to represent various nucleic acids, nucleic acid analogues, and hybrids thereof.
For example, the nucleic acid may be one of DNA, RNA, peptide nucleic acid (PNA), locked nucleic acid (LNA), and a
hybrid thereof. The nucleic acid may also be an oligonucleotide or a polymerase chain reaction (PCR) product, and
preferably a PCR product or a purified PCR product.

[0037] The protein may be one of an enzyme, a substrate, an antigen, an antibody, a ligand, an aptamer, and a receptor.
[0038] Next, the gate electrode of the field effect transistor may be washed by providing a solution not having bio-
molecules into the gate electrode after the first sample is provided to the gate electrode. The solution may be an electrolyte
solution.

[0039] Then, a second sample having a second target bio-molecule may be provided into the gate electrode of the
field effect transistor. The concentration of the second target bio-molecule may be the same as or different from that of
the first target bio-molecule.

[0040] Changes in electric signal of the field effect transistor are measured during the providing of samples having
bio-molecules and a solution not having bio-molecules into the gate electrode.

[0041] The electric signal may include at least one of a drain current, a gate-source voltage, and a source-drain voltage.
[0042] The method of detecting bio-molecules according to an embodiment of the present invention can be used to
detecta corresponding PCR product of a bio-molecule to be detected. A PCR would occur if there are target bio-molecules
in the sample, but PCR would not occur if there are not target bio-molecules in the sample. The presence of target bio-
molecules and the concentration of the bio-molecules in the sample can be detected by detecting a corresponding PCR
product using the method.

[0043] In a method of detecting bio-molecules according to an embodiment of the present invention, various bio-
molecules can be continuously detected, and also the field effect transistor is not required to be disposed after each use
and can be continuously used. The bio-molecules can be quickly detected using the field effect transistor. In addition,
since the bio-molecules are not fixed on the field effect transistor, the field effect transistor can be simply manufactured
and the distribution of property between FETSs that is caused by additional process can be lowered, and thus the bio-
molecules can be accurately detected.

[0044] Hereinafter, the present invention will be described more specifically with reference to the following Examples.
The following Examples are for illustrative purposes and are not intended to limit the scope of the present invention.

Example 1

Preparation of a field effect transistor based bio-sensor

[0045] Afield effect transistor device was fabricated using a XC10-1.0 um CMOS process from X-FAB Semiconductor
Foundry service (Germany). The upper surface of a gate was etched to expose silicon oxide, and a gate electrode was
formed to be separate from the surface to prepare a field effect transistor as illustrated in FIG. 2.

[0046] Then, the surface of the field effect transistor including the exposed silicon oxide and the gate electrode was
carefully washed with pure acetone and deionized water and dried. A wet station that is used in a semiconductor
manufacturing process was used in washing the substrate. Then, the substrate was dried using a spin dry method.
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Example 2

Detection of PCR products using the field effect transistor based bio-sensor

[0047] It was determined whether a field effect transistor based bio-sensor manufactured in Example 1 could detect
a PCR product without fixing the PCR product on the insulating layer, the surface of which senses the PCR product. It
was also determined whether the field effect transistor based bio-sensor could detect another PCR product after washing
off the previously detected PCR product.

[0048] For this, PCR products and a washing solution were alternately provided to the field effect transistor based
bio-sensor.

[0049] FIG. 3A is a schematic illustration of a procedure of alternately providing PCR products and a washing buffer
to the gate electrode of the field effect transistor according to an embodiment of the present invention. Referring to FIG.
3A, a washing solution 33a, a PCR product 32a, a washing solution 33b, a PCR product 32b, a washing solution 33c,
a PCR product 32c, and a washing solution 33d were provided to at least one field effect transistor based bio-sensor 31.
[0050] 0.01 mM phosphate buffer (pH 6.04) was used as the washing solution in Examples.

[0051] Staphylococcus aureus as a template was amplified through a PCR amplification to obtain the PCR product
used in Examples. The base sequence of the forward primer was 5-(TAG CAT ATC AGA AGG CAC ACC (C)-3’, and
the base sequence of the reverse primer was 5'-(ATC CAC TCA AGA GAG ACA ACA TT)-3'. The amplified PCR product
had a size of 240 bp, the pH of the phosphate buffer including the PCR product was 6.47, and the concentration of the
PCR product was 10 ng/p.€.

[0052] FIG. 3Bis agraph illustrating a change in current when the PCR products and a washing buffer are alternately
provided to the gate electrode of the field effect transistor as shown in FIG. 3A.

[0053] Referringto FIG. 3B, the current rapidly decreased when the PCR products (32a, 32b, and 32c) were provided.
On the other hand, the current rapidly increased when the washing solutions (33b, 33c, and 33d) were provided.
[0054] The obtained current change was converted into surface voltage change. The results are shown in Table 1.

Table 1
Providing PCR product Providing washing solution
32a Decrease by 88.59 mV 33b Increase by 90.14 mV
32b Decrease by 83.34 mV 33c Increase by 90.54 mV
32c Decrease by 78.06 mV 33d Increase by 84.83mV

[0055] As shown in Table 1, when the PCR product was provided, the voltage of the field effect transistor decreased
remarkably, and when the washing solution was provided, the voltage of the field effect transistor increased remarkably.
[0056] It was measured whether the pH difference between the PCR product and the washing solution influenced the
voltage. The pH difference between the PCR product and the washing solution was 0.43, and the voltage change due
to the pH difference was merely 10mV. Thus, it is determined that the pH difference does not have a great influence on
the voltage.

[0057] Accordingly, a plurality of bio-molecules can be continuously, easily, and accurately detected through the
method of detecting the presence of bio-molecules or a concentration of the target bio-molecules using a field effect
transistor without fixing bio-molecules according to the present invention. The field effect transistor can be semi-perma-
nently used to detect the bio-molecules by washing the field effect transistor.

[0058] Inthe method of detecting the bio-molecules according to the present invention, various bio-molecules can be
continuously detected using the field effect transistor, and also the field effect transistor is not required to be disposed
after each use and can be continuously used. The bio-molecules can be quickly detected using the field effect transistor.
In addition, since the bio-molecules are not fixed on the field effect transistor, the field effect transistor can be simply
manufactured and the differences of characteristics between FETSs that is caused by additional process can be lowered,
and thus the bio-molecules can be accurately detected.

[0059] While the present invention has been particularly shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill in the art that various changes in form and details may be
made therein without departing from the spirit and scope of the present invention as defined by the following claims.
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Claims

1.

A method of detecting the presence of bio-molecules or a concentration of the bio-molecules using a field effect
transistor without fixing bio-molecules on a sensing surface (23’), the method comprising:

providing afirst sample having afirsttarget bio-molecule to a sensing surface (23’) of the field effect transistor; and
measuring a change in an electric signal of the field effect transistor,

wherein the field effect transistor comprises: a semiconductor substrate (21); a source region (22a) and a drain
region (22b) which are formed to be separate on the substrate (21) and doped to have the opposite polarity to the
substrate (21); a channel region disposed between the source region (22a) and the drain region (22b); an insulating
layer (23) having the sensing surface (23") which is disposed on the channel region and composed of an electrically
insulating material; and a reference electrode (24) disposed above and to be separate from the insulating layer (23).

The method of claim 1, further comprising providing a second sample having a second target bio-molecule to the
sensing surface (23’) of the field effect transistor.

The method of claim 2, further comprising washing the sensing surface (23’) of the field effect transistor with a
solution not having bio-molecules before providing the second sample having the second target bio-molecule to the

sensing surface (23’) of the field effect transistor.

The method of any one of claims 1 to 3, wherein the electric signal is at least one selected from the group consisting
of a drain current, a gate-source voltage, and a source-drain voltage.

The method of any one of claims 1 to 4, wherein the bio-molecules are a nucleic acid or a protein.

The method of claim 5, wherein the nucleic acid is selected from the group consisting of DNA, RNA, peptide nucleic
acid (PNA), locked nucleic acid (LNA), and a hybrid thereof.

The method of claim 5, wherein the protein is selected from the group consisting of an enzyme, a substrate, an
antigen, an antibody, a ligand, an aptamer, and a receptor.

The method of claim 5, wherein the nucleic acid is a polymerase chain reaction (PCR) product or a purified PCR
product.

The method of any one of claims 1 to 8, wherein the semiconductor substrate is silicon and the electrically insulating
material is selected from the group consisting of a silicon dioxide, a silicon nitride, and a metal oxide.

10. The method of any one of claims 1 to 9, wherein the field effect transistor is formed in a microchannel.

11. The method of claim 10, wherein the substrate is comprised in the inner wall of the microchannel.
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