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(57) Abstract: Provided are a gas sensor using a plurality of zinc oxide nano-structures on which metal islands are formed, and
a method of fabricating the same. The gas sensor comprises zinc oxide nano-structures formed on a substrate, a plurality of metal

islands coated on a surface of each zinc oxide nano-structure and separated from one another, a first electrode electrically connected

& to one end of each zinc oxide nano-structure through the substrate, a second electrode electrically connected to the other end of each
& zinc oxide nano-structure, and a current variation-measuring unit electrically connected to each of the first electrode and the second
electrode so as to measure a variation in the amount of current flowing between the first electrode and the second electrode. In order
to form the plurality of metal islands separated from one another on the surface of each zinc oxide nano-structure using a wet process,
metal components of a metal material are coated on the surface of each zinc oxide nano-structure using the solution in which the

metal material is solved.
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Description
GAS SENSOR HAVING ZINC OXIDE NANO-STRUCTURES

AND METHOD OF FABRICATING THE SAME
Technical Field

The present invention relates to a gas sensor having zinc oxide nano-structures and a
method of fabricating the same, and more particularly, to a high-sensitivity gas sensor
capable of detecting a variety of gases using zinc oxide nano-structures and metal
islands coated on the zinc oxide nano-structures and a method of fabricating the same.
Background Art

Recently, an environmental problem known as global warming which is caused by
the excessive use of fossil fuels has become a serious problem. In addition, people's
awareness to the problem of the exhaustion of fossil fuels has increased. To overcome
these problems, the development of hydrogen energy which is one kind of alternative
energy and the development of a sensor of contamination gas caused by environmental
pollution have rapidly progressed. Currently, many technologies for using hydrogen
energy have been proposed. However, hydrogen energy is highly explosive, unlike
existing energies. Thus, a safety device should be employed when the hydrogen energy
is used. To widely use hydrogen energy, a hydrogen detecting technology is required.
Disclosure of Invention
Technical Problem

To date, a variety of research about a contamination gas sensor using nano-wires has
been performed. However, it is difficult to widely employ a contamination gas sensor
using existing technology.

As an example of conventional technologies for detecting a contamination gas, a
technology using a metallic film such as palladium or platinum or a metallic nano-
structure has been developed. However, there are many problems in this technology to
be overcome such as a reaction time, a reaction concentration or a gas-detecting
temperature. Endeavors have been made to use oxide semiconductor nano-wires
formed using materials such as zinc oxide or nano-tubes in a gas sensor to solve the
problems. In the prior art, sputtering which is a physical deposition method is used
when a gas sensor is fabricated. There are also complicated fabricating processes in
which expensive equipment is needed or thermal processing is performed at com-
paratively high temperature, and costs are comparatively high such that it is difficult to
widely implement contamination gas sensors.

Technical Solution

The present invention provides a gas sensor in which a variety of gases can be
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detected with higher sensitivity and which can be widely used.

The present invention also provides a method of fabricating a gas sensor by which a
high-sensitivity gas sensor can be fabricated at low cost using a simpler fabricating
process.

According to an aspect of the present invention, there is provided a gas

sensor, the gas sensor including : a plurality of zinc oxide nano-structures formed on
a substrate; a plurality of metal islands coated on a surface of each zinc oxide nano-
structure and separated from one another; a first electrode electrically connected to one
end of each zinc oxide nano-structure through the substrate; a second electrode
electrically connected to the other end of each zinc oxide nano-structure; and a current
variation-measuring unit electrically connected to each of the first electrode and the
second electrode so as to measure a variation in the amount of current flowing between
the first electrode and the second electrode.

Each zinc oxide nano-structure may have a structure of a nano-wire or nano-rod. The
metal islands may be formed of one material selected from the group consisting of
platinum (Pt), palladium (Pd), nickel (Ni), and cobalt (Co).

According to another aspect of the present invention, there is provided a method of
fabricating a gas sensor. In the method, a plurality of metal islands separated from one
another on a surface of each of a plurality of zinc oxide nano-structures are formed by
coating metal components of a metal material on the surface of each zinc oxide nano-
structure in a solution in which the metal material is solved. And, a first electrode to be
electrically connected to ends of the zinc oxide nano-structures and a second electrode
to be electrically connected to the other ends of the zinc oxide nano-structures are
formed.

The method may further include, before forming the first electrode and the

second electrode, evaporating water from the surface of the zinc oxide nano-s
tructures in which the metal islands are formed.

The solution may include the metal material solved in aqua regia. The

solution may further include at least one selected from distilled water and basic
solution.

The metal material may be a metal powder or a metal organic compound.

The method may further include, before forming the plurality of metal islands ,

forming the zinc oxide nano-structures on a substrate, wherein the forming of the
plurality of metal islands includes dipping the substrate on which the zinc oxide nano-
structures are formed in the solution.

Advantageous Effects
In the gas sensor according to the present invention, a plurality of metal islands are

formed on a zinc oxide nano-structure and are independently separated from one
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another on the zinc oxide nano-structure and sensitivity to a gas is improved by the
metal islands such that a variety of kinds of gases can be detected. In the method of
fabricating a gas sensor according to the present invention, a wet method is used to
form the metal islands on the surface of the zinc oxide nano-structure. Thus, a high-
sensitivity gas sensor can be fabricated with low costs using a simpler fabrication
process.

Description of Drawings

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. 1 is a schematic perspective view of a gas sensor according to an embodiment
of the present invention;

FIG. 2 is a perspective view of a single zinc oxide nano-structure of the gas sensor of
FIG. 1; and

FIG. 3 is a flowchart illustrating a method of fabricating a gas sensor according to an
embodiment of the present invention.

Best Mode

The present invention will be described more fully hereinafter with reference to the
accompanying drawings in which exemplary embodiments of the invention are shown.

FIG. 1 is a schematic perspective view of a gas sensor 10 according to an
embodiment of the present invention. The gas sensor 10 of FIG. 1 includes a plurality
of zinc oxide nano-structures 14 formed on a main surface of a substrate 12. The
substrate 12 may be a silicon substrate. Each zinc oxide nano-structure 14 may have a
structure of a nano-wire or nano-rod. Each zinc oxide nano-structure 14 may have a
diameter of about several tens to several hundreds of nm, for example, from about 10
to 900 nm. In addition, each zinc oxide nano-structure 14 may have a length of several
hundreds of nm to several tens of U, for example, from about 500 nm to 500 .

FIG. 2 is a perspective view of a single zinc oxide nano-structure 14 of the gas sensor
10 of FIG. 1. Referring to FIGS. 1 and 2, a plurality of metal islands 16 are coated on
the surface of the zinc oxide nano-structure 14. The plurality of metal islands 16 are
separated from one another on the surface of the zinc oxide nano-structure 14. The
metal islands 16 may have a grain size of several to several tens of nm, for example,
from about 2 to 50 nm.

The metal islands 16 may be formed of a variety of kinds of metal. For example, the
metal islands 16 may be formed of one material selected from the group consisting of
platinum (Pt), palladium (Pd), nickel (Ni), and cobalt (Co).

A first electrode 22 is formed on a surface of the substrate 12 opposite to the surface
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of the substrate 12 on which the plurality of zinc oxide nano-structures 14 are formed.
The first electrode 22 is electrically connected to one end of the zinc oxide nano-
structures 14 in a state where the substrate 12 is placed between the first electrode 22
and the zinc oxide nano-structures 14. In addition, a second electrode 24 is electrically
connected to the other ends of the zinc oxide nano-structures 14. The first electrode 22
and the second electrode 24 are electrically connected to a current variation-measuring
unit 50 via electrical wires 32 and 34 connected to the first electrode 22 and the second
electrode 24, respectively.

In the gas sensor 10 of FIG. 1, when a gas to be detected is present, the gas is easily
absorbed into the metal islands 16 and is ionized, and the ionized gas reacts with the
surface of the zinc oxide nano-structure 14. As a result, electric conductivity of the
zinc oxide nano-structure 14 varies according to the concentration of the gas to be
detected that is present and thus the amount of current flowing between the first
electrode 22 and the second electrode 24 changes. The current variation-measuring unit
50 detects a variation in an electric signal according to the variation in the amount of
current so that the presence of a gas and the concentration of the gas can be detected
from the detected variation in the electric signal.

The gas sensor 10 according to the present invention shows a high sensitivity in
detecting a minor variation in the concentration of a gas to be detected. In particular,
when the gas to be detected is hydrogen (Hz), even of a very low concentration less
than or equal to about 10 ppm, the gas can be detected with high accuracy. In addition,
the gas sensor 10 of FIG. 1 can detect a variety of kinds of gases such as Hz, nitrogen
monoxide (NO), nitrogen dioxide (NOZ), methane (CH4), carbon dioxide (COQ),
hydrogen sulfide (HQS) or ethanol.

Mode for Invention

FIG. 3 is a flowchart illustrating a method of fabricating a gas sensor according to an
embodiment of the present invention. Specifically, the method of fabricating a gas
sensor will now be described with reference to FIGS. 1, 2, and 3.

In operation 102, a plurality of zinc oxide nano-structures 14 are formed on a
substrate 12, for example, on a silicon substrate, using a general method. As described
with reference to FIG. 1, each zinc oxide nano-structure 14 may have a structure
including a nano-wire or nano-rod.

In operation 104, a plurality of metal islands 16 are formed on the surface of each
zinc oxide nano-structure 14 using a solution in which a metal material is solved. The
plurality of metal islands 16 are obtained by coating the solution in which the metal
material is solved on each zinc oxide nano-structure 14. The metal islands 16 are
separated from one another on the surface of each zinc oxide nano-structure 14.

More specifically, the solution in which the metal material is solved may be prepared
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as below. First, the metal material to be coated on each zinc oxide nano-structure 14 is
solved in aqua regia. In this case, the aqua regia may be kept at a temperature in the
range of about 50-100 °C . The metal material may be a metal powder. Alternatively,
the metal material may be one metal organic compound selected from the group
consisting of H2PtC16, MeCthMe3, Pt(acac)Q, Pd2(allyl)2C12, and Pd(C3H5)(C5H5)
where Me = methyl, Cp = cyclopentadienyl, acac = acetyl-acetone.

The concentration of metal in the solution may be controlled to be from about 1-70
wt% based on a total weight of the solution. The aqua regia in which the metal is
solved can be diluted so as to control the concentration of the metal in the solution to a
desired value. In this case, in order to dilute the solution, distilled water or a basic
solution, for example, ammonia water, may be added to the aqua regia in which the
metal is solved.

In order to form the plurality of metal islands 16, a substrate 12 on which the zinc
oxide nano-structures 14 are formed is dipped in the solution in which the metal having
a desired concentration is solved. While the metal islands 16 are formed on the zinc
oxide nano-structures 14, the solution is kept in the temperature range of about 30-100
°C . The zinc oxide nano-structures 14 may be dipped in the solution for a pre-
determined time, for example, for about one second to one minute, so as to form the
metal islands 16 on the zinc oxide nano-structures 14. The size of the metal islands 16
formed may depend on the amount of time the zinc oxide nano-structures 14 are
dipped or the concentration of the metal in the solution. Thus, a dipping time and the
concentration of the metal in the solution need to be properly controlled so as to obtain
the metal islands 16 having a proper size.

In operation 106, water is evaporated from the surface of the zinc oxide nano-
structures 14 in which the metal islands 16 are formed. To this end, the zinc oxide
nano-structures 14 are kept from room temperature to 100 °C , preferably, from about
30-60 °C for about 1-30 minutes until water is completely evaporated from the surface
of the zinc oxide nano-structures 14 after the zinc oxide nano-structures 14 in which
the metal islands 16 are formed are taken out from the solution.

In operation 108, a first electrode 22 is formed to be electrically connected to ends of
the zinc oxide nano-structures 14 and a second electrode 24 is formed to be electrically
connected to the other ends of the zinc oxide nano-structures 14.

In operation 110, a current variation-measuring unit 50 is electrically connected to
the first electrode 22 and the second electrode 24.

Industrial Applicability

As described above, in the gas sensor according to the present invention, a plurality

of metal islands are formed on a plurality of zinc oxide nano-structures and the islands

are formed separated from one another on the zinc oxide nano-structures. In the gas
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sensor according to the present invention, sensitivity to a gas is improved by the metal
islands such that a gas to be detected can be detected with high sensitivity. In addition,
a variety of kinds of gases can be detected. Gases can be detected at comparatively
high detecting temperatures.

In addition, in the method of fabricating a gas sensor according to the present
invention, a wet method is used to form the metal islands on the surface of the zinc
oxide nano-structures. Thus, expensive equipment or subsequent thermal processing
which has been required in a conventional method can be omitted, and the metal
islands can be formed on the surface of the zinc oxide nano-structures simply, at low
cost, and effectively. Thus, a high-sensitivity gas sensor can be fabricated at low cost
using a simpler fabrication process.

While the present invention has been particularly shown and described with referen

ce to exemplary embodiments thereof, it will be understood by those skilled in the art
that various changes in form and details may be made therein without departing from
the spirit and scope of the invention as defined by the following claims.

Sequence List Text
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Claims

A gas sensor comprising:

a plurality of zinc oxide nano-structures formed on a substrate;

a plurality of metal islands coated on a surface of each zinc oxide nano-structure
and separated from one another;

a first electrode electrically connected to one end of each zinc oxide nano-
structure through the substrate;

a second electrode electrically connected to the other end of each zinc oxide
nano-structure; and

a current variation-measuring unit electrically connected to each of the first
electrode and the second electrode so as to measure a variation in the amount of
current flowing between the first electrode and the second electrode.

The gas sensor of claim 1, wherein each zinc oxide nano-structure has a structure
of a nano-wire or nano-rod.

The gas sensor of claim 1, wherein the metalislandsare formed of

one material selected from the group consisting of platinum (Pt), palladium (Pd),
nickel (Ni), and cobalt (Co).

The gas sensor of claim 1, wherein the metalislandshave a grain

size in the range of 10-50 nm.

The gas sensor of claim 1, wherein the substrate is a silicon substrate.

A method of fabricating a gas sensor, the method comprising:

forming a plurality of metal islands separated from one another on a

surface of each of a plurality of zinc oxide nano-structures by coating metal
components of a metal material on the surface of each zinc oxide nano-structure
in a solution in which the metal material is solved; and

forming a first electrode to be electrically connected to ends of the zinc oxide
nano-structures and a second electrode to be electrically connected to the other
ends of the zinc oxide nano-structures.

The method of claim 6, further comprising, before forming the first

electrode and the second electrode, evaporating water from the surface of the
zinc oxide nano-structures in which the metal islands are formed.

The method of claim 6, wherein the solution comprises the metal

material solved in aqua regia.

The method of claim 8, wherein the solution further comprises at least

one selected from distilled water and basic solution.

The method of claim 6, wherein the metal material is a metal powder.

The method of claim 6, wherein the metal material is a metal
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organic compound.

The method of claim 11, wherein the metal material is formed of one metal
organic compound selected from the group consisting of HthC16’ MeCthMe3,
Pt(acac)Q, sz(allyl)QCIZ, and Pd(C3H5)(C5H5) where Me = methyl, Cp = cy-
clopentadienyl, acac = acetyl-acetone.

The method of claim 6, wherein the solution is kept in a temperature

range of 30-100 °C while the plurality of metal islands are formed.

The method of claim 6, wherein a concentration of metal in the

solution is 1-70 wt% based on a total weight of the solution.

The method of claim 6, wherein the zinc oxide nano-structures are

dipped in the solution for a period of time in the range of one second to one
minute so as to form the plurality of metal islands .

The method of claim 6, further comprising, before forming the plurality

of metal islands , forming the zinc oxide nano-structures on a substrate,
wherein the forming of the plurality of metal islands comprises dipping the

substrate on which the zinc oxide nano-structures are formed in the solution.
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