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(57) ABSTRACT

A biochemical sensor and a method of manufacturing the
same are disclosed. The biochemical sensor includes a sub-
strate, a gate arranged on one side of the substrate, a gate
insulating layer arranged on one side of the gate opposite to
the substrate, an active layer arranged on one side of the gate
insulating layer opposite to the gate, a source and a drain
arranged on one side of the active layer opposite to the gate
insulating layer, and a biochemical sensing layer arranged on
one side of the active layer opposite to the gate insulating
layer and between the source and the drain.
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BIOCHEMICAL SENSOR AND METHOD OF
MANUFACTURING THE SAME

FIELD OF THE INVENTION

[0001] The present invention relates to a biochemical sen-
sor and structure thereof, and more particularly to a biochemi-
cal sensor having a biochemical sensing layer provided on
back channel of a metal-oxide-semiconductor (MOS) tran-
sistor.

BACKGROUND OF THE INVENTION

[0002] The prior art biochemical sensor uses a monomo-
lecular organic thin film transistor as a component thereof.
However, such biochemical sensor could not be mass-pro-
duced because the monomolecular film could not be easily
stably formed. In addition, such biochemical sensor can only
beapplied to detection in a gaseous environment because it is
usually difficult for the organic thin film transistor to operate
in a liquid environment.

[0003] Among others, a metal-oxide-semiconductor
(MOS) transistor has excellent current driving capacity, is
producible at low temperature with relatively simple and
matured process, and can be stored in air over long period of
time without adversely affecting its operating characteristics.
With these advantages, the MOS transistor has become the
new generation of high potential component for manufactur-
ing a biochemical sensor. However, the MOS transistor is
completely formed of inorganic materials and therefore
shows relatively poor response in sensing or detecting most
part of chemicals. Thus, the biochemical sensor using MOS
transistor as the component thereof still requires improve-
ment.

[0004] Tt is therefore tried by the inventor to develop an
improved biochemical sensor and a method of manufacturing
the same, so as to overcome the drawbacks in the prior art
biochemical sensors and provide the metal-oxide-semicon-
ductor (MOS) transistor with effectively increased sensitivity
and selectivity in detecting biochemical substances.

SUMMARY OF THE INVENTION

[0005] A primary object of the present invention is to pro-
vide a biochemical sensor and method of manufacturing the
same, s0 as to enable mass-production of biochemical sensors
and to provide the MOS transistor with increased sensitivity
and selectivity in sensing biochemical substances.

[0006] To achieve the above and other objects, the bio-
chemical sensor according to the present invention includes a
substrate, a gate arranged on one side of the substrate, a gate
insulating layer arranged on one side of the gate opposite to
the substrate, an active layer arranged on one side of the gate
insulating layer opposite to the gate, a source and a drain
arranged on one side of the active layer opposite to the gate
insulating layer, and a biochemical sensing layer arranged on
one side of the active layer opposite to the gate insulating
layer and located between the source and the drain.

[0007] In an embodiment of the present invention, the bio-
chemical sensing layer further includes a first biochemical
sensing sublayer arranged on one side of the active layer
opposite to the gate insulating layer, and a second biochemi-
cal sensing sublayer arranged on one side of the first bio-
chemical sensing sublayer opposite to the active layer.
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[0008] In another embodiment, the biochemical sensing
layer is surface functionalized to thereby have biochemical
selectivity.

[0009] In a further embodiment, the biochemical sensing
layer is provided on a top surface with at least a first hole
structure to enable increased contact area on the biochemical
sensing layer.

[0010] In a still further embodiment, the active layer is
provided on a top surface with at least a second hole structure
to enable increased contact area on the active layer.

[0011] According to the present invention, the biochemical
sensing layer is selected from the group consisting of 3-Hexy-
Ithiophene (P3HT), lead phthalocyanine (PbPC), and copper
phthalocyanine (CuPC).

[0012] To achieve the above and other objects, the method
of manufacturing biochemical sensor according to the present
invention includes the steps of providing a substrate; arrang-
ing a gate on one side of the substrate; arranging a gate
insulating layer on one side of the gate opposite to the sub-
strate; arranging an active layer on one side of the gate insu-
lating layer opposite to the gate; arranging a source and a
drain on one side of the active layer opposite to the gate
insulating layer; and arranging a biochemical sensing layer
on one side of the active layer opposite to the gate insulating
layer and between the source and the drain.

[0013] Inan embodiment of the present invention, the bio-
chemical sensing layer further includes a first and a second
biochemical sensing sublayer, and the biochemical sensor
manufacturing method further includes the steps of arranging
the first biochemical sensing sublayer on one side of the
active layer opposite to the gate insulating layer and between
the source and the drain; and arranging the second biochemi-
cal sensing sublayer on one side of the first biochemical
sensing sublayer opposite to the active layer.

[0014] Inanother embodiment, amethod of manufacturing
the biochemical sensor further includes the step of function-
alizing a top surface of the biochemical sensing layer, so that
the biochemical sensing layer has biochemical selectivity.

[0015] In a further embodiment, a method of manufactur-
ing the biochemical sensor further includes the step of form-
ing a first hole structure on a top surface of the biochemical
sensing layer; wherein the first hole structure enables
increased contact area on the biochemical sensing layer.

[0016] Ina still further embodiment, a method of manufac-
turing the biochemical sensor further includes the step of
forming a second hole structure on a top surface of the active
layer; wherein the second hole structure enables increased
contact area on the active layer.

[0017] Wherein, the biochemical sensing layer is selected
from the group consisting of 3-Hexylthiophene (P3HT), lead
phthalocyanine (PbPC), and copper phthalocyanine (CuPC).

[0018] According to the above-description, the biochemi-
cal sensor and the method of manufacturing the same accord-
ing to the present invention provide one or more of the fol-
lowing advantages:

[0019] (1) The biochemical sensing layer is arranged on the
active layer of the biochemical sensor to enable convenient
use of the biochemical sensor to detect various types of bio-
chemical substances, such as ammonia, nitrogen oxide,
acetone, DNA molecules, protein and the like.
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[0020] (2) The biochemical sensing layer can be surface
functionalized to provide the biochemical sensor with
increased detection sensitivity and biochemical selectivity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The structure and the technical means adopted by
the present invention to achieve the above and other objects
can be best understood by referring to the following detailed
description of the preferred embodiments and the accompa-
nying drawings, wherein

[0022] FIG.1Aisaschematic view of a biochemical sensor
according to a first embodiment of the present invention;
[0023] FIG. 1B illustrates the use of the biochemical sensor
according to the first embodiment of the present invention to
sense gas;

[0024] FIG. 1C also illustrates the use of the biochemical
sensor according to the first embodiment of the present inven-
tion to sense gas;

[0025] FIG. 1Dillustrates the use of the biochemical sensor
according to the first embodiment of the present invention to
sense liquid;

[0026] FIG. 2 is a schematic view of a biochemical sensor
according to a second embodiment of the present invention;
[0027] FIG. 3 is a schematic view of a biochemical sensor
according to a third embodiment of the present invention;
[0028] FIG. 4 is a schematic view of a biochemical sensor
according to a fourth embodiment of the present invention;
[0029] FIG. 5 is a schematic view of a biochemical sensor
according to a fifth embodiment of the present invention;
[0030] FIG. 6A isaschematic view of a biochemical sensor
according to a sixth embodiment of the present invention;
[0031] FIG. 6B illustrates the use of the biochemical sensor
according to the sixth embodiment of the present invention to
sense gas;

[0032] FIG. 7 is a schematic view of a biochemical sensor
array according to the present invention; and

[0033] FIG. 8 is a flowchart showing the steps included in a
method of manufacturing biochemical sensor according to
the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0034] Please refer to FIG. 1A that is a schematic view of a
biochemical sensor 1 according to a first embodiment of the
present invention. As shown, the biochemical sensor 1
includes a substrate 10, a gate 11, a gate insulating layer 12, an
active layer 13, a source and a drain, both being denoted by
reference numeral 14, and a biochemical sensing layer 15.
The gate 11 is arranged on one side of the substrate 10, the
gate insulating layer 12 is arranged on one side of the gate 11
opposite to the substrate 10, the active layer 13 is arranged on
one side ofthe gate insulating layer 12 opposite to the gate 11,
the source and drain 14 are arranged on one side of the active
layer 13 opposite to the gate insulating layer 12, and the
biochemical sensing layer 15 is arranged on one side of the
active layer 13 opposite to the gate insulating layer 12 and
located between the source 14 and the drain 14.

[0035] In the first embodiment, the substrate 10 can be a
silicon substrate or a glass substrate; the gate can be alumi-
num, copper, gold, or polycrystalline silicon; the gate insu-
lating layer 12 can be silicon dioxide or silicon nitride; the
active layer 13 can be monocrystalline silicon, polycrystal-
line silicon, or indium gallium zinc oxide (IGZO); the source
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and drain 14 can be aluminum, copper or gold; and the bio-
chemical sensing layer 15 can include one single layer or
multiple layers, be provided with a micro-nano structure, or
be a monomolecular layer (micro-molecule, macromolecule,
such as DNA). The biochemical sensing layer 15 is selected
according to the physical and chemical properties of an ana-
lyte. In some preferred embodiments, the biochemical sens-
ing layer 15 can include, but not limited to, 3-Hexylthiophene
(P3HT), lead phthalocyanine (PbPC), or copper phthalocya-
nine (CuPC), or the like. The biochemical sensor 1 according
to the present invention can be used to sense liquids, gases,
and solids, such as suspended particles.

[0036] Please refer to FIGS. 1B to 1D, which illustrate the
use of the biochemical sensor according to the first embodi-
ment of the present invention to sense gas and liquid. As
shown in the left part of FIG. 1B, the biochemical sensor in
the first embodiment may have an active layer 13 being IGZO
and abiochemical sensing layer 15 being P3HT. Since ammo-
nia (NH;) molecules are polar molecules, they are attached to
the surface of the biochemical sensing layer (P3HT) 15 via
van der Waals force. The polar molecules of ammonia would
trap carriers in P3HT (deep acceptor-like trap state) to affect
the carrier distribution in P3HT. Meanwhile, this effect also
indirectly affects the carriers in the active layer (IGZ0) 13
below the biochemical sensing layer 15, so that the IGZO
transistor, which is originally not reactive with ammonia, can
be now used to sense ammonia. In addition, P3HT can also be
used to sense nitrogen monoxide gas (NO). While the reaction
between IGZO and NO is irreversible and independent of
concentration, the reaction between the P3HT-covered IGZO
and NO is reversible and concentration-dependent, as shown
in the right part of FIG. 1B.

[0037] In FIG. 1C, the biochemical sensor in the first
embodiment has an active layer 13 being IGZO and a bio-
chemical sensing layer 15 being PbPC. FIG. 1C shows gate
voltage to drain current (Vg-1d) curves of the PbPC-covered
1GZO transistor at different NO concentration levels. By cov-
ering the active layer (IGZ0) 13 with PbPC (i.e. the bio-
chemical sensing layer 15), the biochemical sensor 1 accord-
ing to the first embodiment of the present invention can have
largely upgraded sensitivity to nitrogen monoxide, compared
to a standard device. As can be seen in FIG. 1C, when 50 ppm
of nitrogen monoxide is introduced into the biochemical sen-
sor, there s almost a ten times change in the off-current of the
transistor. Although the first embodiment as shownin FIG. 1C
has irreversible characteristic at room temperature, its char-
acteristic can recover 1o an original state when being treated
by vacuum heating. The recovered device still maintains the
characteristic of being able to react with nitrogen monoxide.
[0038] In FIG. 1D, the biochemical sensor in the first
embodiment has an active layer 13 being IGZ0 and a bio-
chemical sensing layer 15 being CuPC. FIG. 1D shows
changes of current in IGZO transistor and CuPC-covered
1GZO transistor at different acetone concentration levels. As
can be seen from F1G. 1D, the CuPC-covered IGZO transistor
apparently presents reversible reaction with acetone while the
1GZO transistor without the CuPC layer does not present any
apparent change in current.

[0039] Please refer to FIG. 2 that is a schematic view of a
biochemical sensor 2 according to a second embodiment of
the present invention. As shown, the biochemical sensor 2
includes a substrate 20, a gate 21, a gate insulating layer 22, an
active layer 23, a source and a drain, both being denoted by
reference numeral 24, and a biochemical sensing layer 25.
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The gate 21 is arranged on one side of the substrate 20, the
gate insulating layer 22 is arranged on one side of the gate 21
opposite to the substrate 20, the active layer 23 is arranged on
one side of the gate insulating layer 22 opposite to the gate 21,
the source and drain 24 are arranged on one side of the active
layer 23 opposite to the gate insulating layer 22, and the
biochemical sensing layer 25 is arranged on one side of the
active layer 23 opposite. to the gate insulating layer 22 and
located between the source 24 and the drain 24. The second
embodiment is different from the first embodiment mainly in
that the biochemical sensing layer 25 is composed of a first
biochemical sensing sublayer 250 and a second biochemical
sensing sublayer 251. The first biochemical sensing sublayer
250 is arranged on one side of the active layer 23 opposite to
the gate insulating layer 22, and is located between the source
24 and the drain 24; and the second biochemical sensing
sublayer 251 is arranged on one side of the first biochemical
sensing sublayer 250 opposite to the active layer 23.

[0040] In the second embodiment, the biochemical sensing
layer 25 with the multilayered structure can be effectively
attached to the active layer 23 to overcome the problem of
poor adhesion thereof. Due to connection via multiple layers,
the second biochemical sensing sublayer 251 being actually
used to sense a biochemical substance can be effectively
attached to the active layer 23 via the first biochemical sens-
ing sublayer 250.

[0041] Please refer to FIG. 3 that is a schematic view of a
biochemical sensor 3 according to a third embodiment of the
present invention. As shown, the biochemical sensor 3 is
generally structurally similar to the biochemical sensor 1 and
includes from bottom to top a substrate 30, a gate 31, a gate
insulating layer 32, an active layer 33, a source and a drain,
both being denoted by reference numeral 34, and a biochemi-
cal sensing layer 35. The biochemical sensor 3 is different
from the biochemical sensor 1 mainly in further having an
insulating layer 340 provided on sidewalls of the source and
drain 34. With the insulating layer 340, the source 34 and the
drain 34 would not be electrically connected to each other via
a liquid 36 being sensed with the biochemical sensor 3.

[0042] FIG. 4 is a schematic view of a biochemical sensor
4 according to a fourth embodiment of the present invention,
which is generally structurally similar to the first embodiment
and includes from bottom to top a substrate 40, a gate 41, a
gate insulating layer 42, an active layer 43, a source and a
drain, both being denoted by reference numeral 44, and a
biochemical sensing layer 45. The biochemical sensor 4 is
different from the biochemical sensor 1 mainly in that the
biochemical sensing layer 45 is cut to form a plurality of first
hole structures 450 thereon. The first hole structures 450 give
the biochemical sensing layer 45 an increased contact area
with the analyte, and accordingly, enables increased sensing
speed of the biochemical sensor 4. FIG. 5 is a schematic view
of a biochemical sensor 5 according to a fifth embodiment of
the present invention, which is generally structurally similar
to the third embodiment and includes from bottom to top a
substrate 50, a gate 51, a gate insulating layer 52, an active
layer 53, a source and a drain, both being denoted by refer-
ence numeral 54, a biochemical sensing layer 55, and an
insulating layer 540 provided on sidewalls of the source and
drain 54. The biochemical sensor § is different from the
biochemical sensor 3 mainly in that the active layer 53 is cut
to form a plurality of second hole structures 530 thereon, and
the biochemical sensing layer 55 is arranged on the second
hole structures 530 of the active layer 53. With these arrange-
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ments, the biochemical sensing layer 55 can also provide an
increased contact area with the analyte and enable increased
sensing speed to achieve the same function as the biochemical
sensor 4 in the fourth embodiment.

[0043] FIG. 6A is a schematic view of a biochemical sensor
6 according to a sixth embodiment of the present invention,
and FIG. 6B illustrates the use of the biochemical sensor 6 to
sense gas. As shown, the biochemical sensor 6 also includes
from bottom to top a substrate 60, a gate 61, a gate insulating
layer 62, an active layer 63, a source and a drain, both being
denoted by reference numeral 64, and a biochemical sensing
layer 65. In the sixth embodiment, the biochemical sensing
layer 65 includes a zinc oxide (ZnO) layer formed through
solution process, and the ZnO layer is then surface function-
alized by bonding hemin 650 thereto. Since there are
hydroxyl groups (OH) on the ZnO surface, and the hydroxyl
groups can bond to carboxyl groups (COOH) of hemin to
form a monomolecular layer ofhemin on the ZnO surface, the
biochemical sensing layer 65 can be used to sense nitrogen
oxide 66 as shown in FIG. 6B.

[0044] Please note, one of ordinary skill in the art, to which
the present invention pertains, can understand from the sixth
embodiment of the present invention that, when it is desired to
add alayer of selective sensing molecular layer, such as heme,
on the active layer of a metal-oxide-semiconductor thin-film
transistor (MOS TFT) but the monomolecular layer could not
directly attach to the metal oxide, it is then necessary to
additionally provide one layer of substance, such as a metal
layer or an oxide layer, between the monomolecular layer and
the active layer for the monomolecular layer to attach to the
active layer, so that the MOS TFT can provide the sensing
function. Therefore, any simple change or modification in the
above-described embodiments made by one of ordinary skill
in the art is also included in the scope of the present invention
as defined by the appended claims.

[0045] Please refer to FIG. 7 that is a schematic view of a
biochemical sensor array 7 according to the present invention.
As shown, in the biochemical sensor array 7, there are
included a plurality of biochemical sensors 2, 3 and 4. With
the illustrated embodiments of the present invention, one of
ordinary skill in the art, to which the present invention per-
tains, can easily integrate different types of biochemical sen-
sors on the same one substrate to achieve the purpose of
multi-sensing and increased sensing selectivity.

[0046] While the above description of the biochemical sen-
sor of the present invention has also introduced a concept
about the method of manufacturing a biochemical sensor, a
flowchart showing more detailed steps of such method
according to the present invention is nevertheless provided
herein for the purpose of clarity.

[0047] Pleaserefer to FIG. 8 that is a flowchart showing the
steps S80 to S85 included in a method of manufacturing
biochemical sensor according to the present invention.

[0048] Inthe step S80, a substrate is provided.

[0049] Inthe step S81, a gate is arranged on one side of the
substrate.
[0050] Inthestep S82,a gateinsulating layer is arranged on

one side of the gate opposite to the substrate.
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[0051] In the step S83, an active layer is arranged on one
side of the gate insulating layer opposite to the gate.

[0052] Inthe step S84, asource and a drain are arranged on
one side of the active layer opposite to the gate insulating
layer.

[0053] And, in the step S85, a biochemical sensing layer is
arranged on one side of the active layer opposite to the gate
insulating layer and between the source and the drain.

[0054] Wherein, the step S85 further includes the following
steps S850 and S851 (not shown).

[0055] In the step S850, a first biochemical sensing sub-
layer is arranged on one side of the active layer opposite to the
gate insulating layer and between the source and the drain;
and 1n the step S851, a second biochemical sensing sublayer
is arranged on one side of the first biochemical sensing sub-
layer opposite to the active layer.

[0056] The method of manufacturing biochemical sensor
according to the present invention may further include a step
S860 (not shown) after the step S85. In the step S860, the
biochemical sensing layer is surface functionalized to thereby
have biochemical selectivity.

[0057] Alternatively, the method of manufacturing bio-
chemical sensor according to the present invention may fur-
ther include a step S861 (not shown) after the step S85. In the
step S861, at least one first hole structure is formed on a top
surface of the biochemical sensing layer to thereby provide
increased contact area on the biochemical sensing layer.

[0058] Alternatively, the method of manufacturing bio-
chemical sensor according to the present invention may fur-
ther include a step S830 (not shown) after the step S83. In the
step S830, at least one second hole structure is formed ona top
surface of the active layer to thereby provide increased con-
tact area on the active layer.

[0059] In the method of the present invention, the bio-
chemical sensing layer is selected according to the physical
and chemical properties of an analyte, and is preferably
selected from the group consisting of 3-Hexylthiophene
(P3HT), lead phthalocyanine (PbPC), and copper phthalo-
cyanine (CuPC).

[0060] Since the details and the implementation of the
method of manufacturing biochemical sensor according to
the present invention have already been recited in the above
description of the biochemical sensor of the present inven-
tion, they are not repeatedly discussed herein.

[0061] Inbrief, with the biochemical sensor and method of
manufacturing the same according to the present invention, a
biochemical sensing layer is arranged on the active layer to
thereby enable detection of various types of biochemical
substances, such as ammonia, nitrogen oxide, acetone, DNA
molecules, protein and the like, on an MOS transistor. On the
other hand, with the biochemical sensor and method of manu-
facturing same according to the present invention, the bio-
chemical sensing layer can be surface functionalized, or a
plurality of biochemical sensors can be integrated on one
single substrate, so as to provide the biochemical sensor with
increased detection sensitivity and sensing selectivity.

[0062] The present invention has been described with some
preferred embodiments thereof and itis understood that many
changes and modifications in the described embodiments can
be carried out without departing from the scope and the spirit
of the invention that is intended to be limited only by the
appended claims.
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What is claimed is:

1. A biochemical sensor, comprising:

a substrate;

a gate being arranged on one side of the substrate;

a gate insulating layer being arranged on one side of the

gate opposite to the substrate;

an active layer being arranged on one side of the gate

insulating layer opposite to the gate;

a source and a drain being arranged on one side of the active

layer opposite to the gate insulating layer; and

a biochemical sensing layer being arranged on one side of

the active layer opposite to the gate insulating layer and
between the source and the drain.

2. The biochemical sensor according to claim 1, wherein
the biochemical sensing layer further includes a first bio-
chemical sensing sublayer arranged on one side of the active
layer opposite to the gate insulating layer and between the
source and the drain, and a second biochemical sensing sub-
layer arranged on one side of the first biochemical sensing
sublayer opposite to the active layer.

3. The biochemical sensor according to claim 1, wherein
the biochemical sensing layer is surface functionalized to
thereby have biochemical selectivity.

4. The biochemical sensor according to claim 1, wherein
the biochemical sensing layer is provided on a top surface
with at least a first hole structure to enable increased contact
area on the biochemical sensing layer.

5. The biochemical sensor according to claim 1, wherein
the active layer is provided on a top surface with at least a
second hole structure to enable increased contact area on the
active layer.

6. The biochemical sensor according to claim 1, wherein
the biochemical sensing layer is selected from the group
consisting of 3-Hexylthiophene (P3HT), lead phthalocyanine
(PbPC), and copper phthalocyanine (CuPC).

7. A method of manufacturing a biochemical sensor, com-
prising the following steps:

providing a substrate;

arranging a gate on one side of the substrate;

arranging a gate insulating layer on one side of the gate

opposite to the substrate;

arranging an active layer on one side of the gate insulating

layer opposite to the gate;
arranging a source and a drain on one side of the active
layer opposite to the gate insulating layer; and

arranging a biochemical sensing layer on one side of the
active layer opposite to the gate insulating layer and
between the source and the drain.
8. The method as claimed in claim 7, wherein the bio-
chemical sensing layer further includes a first and a second
biochemical sensing sublayer, and the method of manufac-
turing the biochemical sensor further comprising the follow-
ing steps:
arranging the first biochemical sensing sublayer on one
side of the active layer opposite to the gate insulating
layer and between the source and the drain; and

arranging the second biochemical sensing sublayer on one
side of the first biochemical sensing sublayer opposite to
the active layer.

9. The method as claimed in claim 7, further comprising the
following step:

functionalizing a top surface of the biochemical sensing

layer, so that the biochemical sensing layer has bio-
chemical selectivity.
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10. The method as claimed in claim 7, further comprising
the following step:
forming a first hole structure on a top surface of the bio-
chemical sensing layer; wherein the first hole structure
enables increased contact area on the biochemical sens-
ing layer.
11. The method as claimed in claim 7, further comprising
the following step:
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forming a second hole structure on a top surface of the
active layer; wherein the second hole structure enables
increased contact area on the active layer.

12. The method as claimed in claim 7, wherein the bio-
chemical sensing layer is selected from the group consisting
of 3-Hexylthiophene (P3HT), lead phthalocyanine (PbPC),
and copper phthalocyanine (CuPC).
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