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ION SENSOR FOR MEASURING ION
CONCENTRATION OF A SOLUTION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of Taiwanese appli-
cation no. 099129471 filed on Sep. 1, 2010.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] Theinvention relates to an ion sensor for measuring
ion concentration of a solution, more particularly to an ion
sensor including a plurality of ion-sensitive nanorods pro-
truding from a conductive base structure.

[0004] 2. Description of the Related Art

[0005] Ton sensors are useful for measuring concentration
of anion of interest in a solution, and can selectively absorb
the ions on a surface thereof, which induces a surface poten-
tial thereat due to the total charge of the absorbed ions. Hence,
by measuring the surface potential of the ion sensor, the ion
concentration of the solution can be determined.

[0006] U.S. Pat. No. 4,180,771 discloses a chemical sensi-
tive field effect transistor that includes a semiconductor sub-
strate having a source region and a drain region, a gate dielec-
tric film formed on a top side of the semiconductor substrate,
three electrodes formed on the source region, the drain region
and the gate dielectric film, respectively, a chemical sensitive
film formed on a bottom side of the semiconductor substrate,
and a reference electrode formed on the chemical sensitive
film. In use, when the chemical sensitive film is brought into
contact with a solution for measuring ion concentration of the
solution, a surface potential of the chemical sensitive film is
changed, which, changes the electric field in the semiconduc-
tor substrate, which, in turn, changes the conductivity of a
channel region of the semiconductor substrate between the
source region and the drain region. Hence, by measuring the
current passing through the source region and the drain region
of the semiconductor substrate, the ion concentration can be
determined.

[0007] U.S. Pat. No. 4,446,474 discloses an ion sensitive
field effect transistor (ISFET) that includes a semiconductor
substrate having a source region and a drain region, a gate
dielectric film formed on the semiconductor substrate, an
inorganic insulator protecting film formed on the gate dielec-
tric film, and a sensitive film formed on the inorganic insula-
tor protecting film and capable of absorbing selectively ions
to generate a surface potential for measuring ion concentra-
tion.

[0008] U.S. Patent Application Publication No. 2006/
0220092 discloses an extended gate field effect transistor
(EGFET) ion sensor that includes a semiconductor silicon
substrate, a titanjum dioxide sensitive film formed on the
semiconductor silicon substrate, and a metal-oxide-semicon-
ductor-field-effect transistor (MOSFET) connected electri-
cally to the titanium dioxide sensitive film through a conduc-
tive wire. In use, only the assembly of the semiconductor
silicon substrate and the titanium dioxide sensitive film is
needed to be immersed in the solution for measuring ion
concentration of the solution through a buildup surface poten-
tial at the surface of the titanium dioxide sensitive film.
[0009] U.S. Patent Application Publication No. 2007/
0001253 discloses an extended gate field effect transistor
(EGFET) ion sensor that includes an ion sensitive component
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and a MOSFET connected electrically to the ion sensitive
component. The ion sensitive component includes a glass
substrate, an indium tin oxide (ITO) film formed on the glass
substrate, a tin oxide sensitive film formed on the ITO film,
and an enzyme chemical film formed on the tin oxide sensi-
tive film.

[0010] U.S. Pat. No. 6,464,940 discloses a pH sensor that
includes a semiconductor substrate (n-type silicon substrate
with an n-channel), a silicon dioxide sensitive film formed on
atop side of the semiconductor substrate, a liquid storing part
formed on the silicon dioxide sensitive film, a first electrode
formed on the liquid storing part, and a second electrode
formed on a bottom side of the semiconductor substrate.
When a solution to be analyzed is fed into the liquid storing
part to contact the silicon dioxide sensitive film, a surface
potential at a contact surface of the silicon dioxide sensitive
film is produced and the capacitance of the n-channel is
changed. Hence, by measuring the capacitance and the volt-
age of the pH sensor, ion concentration of the solution can be
determined.

[0011] U.S. Patent application Publication No. 2008/
0277746 discloses a nanowire sensor with self-aligned elec-
trode support. The nanowire sensor includes a doped silicon-
containing substrate, a growth-promoting metal layer formed
on the silicon-containing substrate, a silicon nitride support
formed on the growth-promoting metal layer, a plurality of
nanowires formed on the growth-promoting metal layer, and
a top electrode formed on top ends of the nanowires. The top
electrode also plays a role of protecting the nanowires from
damage. It is noted that since the top electrode is formed on
the top ends of the nanowires, the nanowire sensor can only be
used for detecting gases. If the nanowire sensor is to be used
for detecting ions in a solution, the potential of the top elec-
trode tends to be interfered by the ions in the solution, which
can cause the function of the nanowires to fail.

[0012] The whole disclosures of the aforesaid patents are
incorporated herein by reference.

SUMMARY OF THE INVENTION

[0013] The object of the present invention is to provide an
ion sensor including a plurality of ion-sensitive nanorods so
as to enlarge a contact surface of the ion sensor for measuring
ion concentration of a solution.

[0014] According tothe present invention, there is provided
an ion sensor for measuring ion concentration of a solution.
The ion sensor comprises: a conductive base structure includ-
ing a substrate and an electrode film formed on the substrate
and having a sensing region; a plurality of ion-sensitive nano-
rods protruding from one side of the electrode film opposite to
the substrate, covering entirely the sensing region of the elec-
trode film, and exhibiting an ion selectivity of absorbing an
ion of interest thereon for inducing a surface potential corre-
sponding to concentration of the ion of interest in the solution;
and an encapsulant of an insulator enclosing the conductive
base structure except for the sensing region of the electrode
film and formed with a window for exposing the ion-sensitive
nanorods to the solution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] In drawings which illustrate an embodiment of the
invention,

[0016] FIG. 1isa schematic sectional view of the preferred
embodiment of an ion sensor according to this invention;
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[0017] FIG. 2 is a schematic top view of the preferred
embodiment;

[0018] FIG. 3 is a SEM photo showing the structure of a
plurality of conductive cores protruding from an electrode
film of the preferred embodiment;

[0019] FIG. 4 is a SEM photo showing the structure of a
plurality of ion-sensitive nanorods protruding from the elec-
trode film of the preferred embodiment;

[0020] FIG. 5 is a schematic view showing how the pre-
ferred embodiment is used in an ion concentration measuring
system;

[0021] FIG. 6 is a plot of output voltage vs. pH value for
Example 1 and Comparative Example 1; and

[0022] FIG.7isaplotofoutput voltage vs. elapsed time for
Example 1 and Comparative Example 1.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0023] Referring to FIGS. 1 and 2, the ion sensor 10 of the
preferred embodiment of the present invention for measuring
ion concentration of a solution 12 in a container of an ion
concentration measuring system (see FIG. 5) includes: a con-
ductive base structure 2 including a substrate 21 and an elec-
trode film 22 formed on the substrate 21 and having a sensing
region 221; a plurality of ion-sensitive nanorods 3 protruding
from one side of the electrode film 22 opposite to the substrate
21 and covering entirely the sensing region 221 of the elec-
trode film 22; a conductive line 5 having one end attached
securely to the electrode film 22 through a conductive paste 6;
and an encapsulant 4 of an insulator enclosing the conductive
base structure 2 except for the sensing region 221 of the
electrode film 22, covering the end of the conductive line 5
and the conductive paste 6, surrounding the ion-sensitive
nanorods 3, and formed with a window 40 for exposing the
ion-sensitive nanorods 3 to the solution 12. Each of the ion-
sensitive nanorods 3 has a conductive core 31 made from an
electrically conductive material and protruding from the elec-
trode film 22, and an ion-sensitive layer 32 formed on and
enclosing the conductive core 31 and made from an ion-
sensitive material different from the electrically conductive
material. The ion-sensitive material exhibits an ion selectivity
of absorbing an ion of interest thereon for inducing a surface
potential corresponding to concentration of the ion of interest
in the solution 12. The conductive line 5 can be connected to
a differential amplifier 13 (see FIG. 5) or a metal-oxide-
semiconductor-field-effect transistor (MOSFET) (not
shown) for measuring an output voltage of the ion sensor 10
corresponding to the ion concentration of the solution 12.
[0024] The substrate 21 may be made from a rigid and
non-corrosive material, such as glass. Preferably, the elec-
trode film 22 is made from the electrically conductive mate-
rial.

[0025] The electrically conductive material is preferably
indium tin oxide (ITO), tin oxide, or indium oxide, and more
preferably ITO. A conventional ITO glass substrate includes
a glass substrate and an indium tin oxide film coated on the
glass substrate, and is a suitable candidate for serving as the
conductive base structure 2.

[0026] The ion-sensitive material is preferably titanium
dioxide, tin dioxide, zinc oxide, ruthenium oxide, or iridium
oxide, and more preferably titanium dioxide.

[0027] Suitable material of the insulator of the encapsulant
4 may be made from a curable resin, such as epoxy resin.
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[0028] In the preferred embodiment, the conductive line 5
is a conductive wire and the conductive paste 6 is a silver
paste.

[0029] Preferably, the conductive core 31 of each of the
ion-sensitive nanorods 3 has a diameter ranging from 10-50
nm. Preferably, the ion-sensitive layer 32 of each of the ion-
sensitive nanorods 3 has a layer thickness ranging from
10-120 nm.

[0030] Formation of the conductive cores 31 on the elec-
trode film 22 can be carried out by the method disclosed in
U.S. Patent Application Publication No. 2010/0040859, the
whole disclosure of which is incorporated herein by refer-
ence. The method involves the use of an electron beam system
to evaporate a target source controlled in an oblique-angle
deposition manner. Suitable operating conditions for forming
the conductive cores 31 on the electrode film 22 using the
aforesaid method are as follows. The temperature in a sput-
tering chamber (not shown) for forming the conductive cores
31 preferably ranges from 100-450° C., the flow rate of nitro-
gen introduced into the sputtering chamber is preferably
greater than zero sccm and less than 50 scem, a flow rate of
oxygen introduced into the sputtering chamber is preferably
greater than zero scorn and less than 50 sccm, the vacuum
pressure of the sputtering chamber is controlled at about
1072-10=%torr, and the angle between the incident direction of
particles evaporated from a target source and the normal
direction of an evaporation substrate where the target source
is placed (detailed illustration of the angle is referred to the
disclosure of U. S. Patent Application Publication No. 2010/
0040859) is preferably greater than zero degree and less than
90 degrees.

[0031] The following Example and Comparative Example
are provided to illustrate the merits of the preferred embodi-
ment of the invention, and should not be construed as limiting
the scope of the invention.

EXAMPLE 1
Preparation of the Conductive Cores

[0032] The conductive cores 31 were formed on an ITO
glass substrate by using an electron beam system disclosed in
the aforesaid U.S. Patent Application Publication No. 2010/
0040859. The operating conditions of forming the conductive
cores 31 were as follows: the temperature of the sputtering
chamber was controlled at about 260° C., the flow rate of
nitrogen was about 1 sccm, the flow rate of oxygen was about
1 scem, the vacuum pressure of the sputtering chamber was
controlled at a range of from 1x10™* torr to 3x10™* torr, and
the angle between the incident direction of particles and the
normal direction of the evaporation substrate was about 70
degrees. The conductive cores 31 thus formed have a length
ranging from 80 to 120 nm and a diameter ranging from 10 to
50 nm. FIG. 3 is a SEM photo of the conductive cores 31 thus
formed.

Preparation of the Ion-Sensitive Nanorods

[0033] The conductive cores 31 together with the ITO glass
substrate were vapor deposited with a titanium dioxide layer
(serving as the ion-sensitive layer 32) using vacuum sputter-
ing techniques. The operating conditions for forming the
titanium dioxide layer are as follows: a flow rate ratio of
Ar/O, was controlled at about 3/1, a RF power of 150 W was
employed for sputtering a target source, the temperature of
the sputtering chamber was controlled at about35° C., and the
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vacuum pressure of the sputtering chamber was controlled at
about 1x1075 torr. The ion-sensitive layers 32 of the ion-
sensitive nanorods 3 thus formed have a layer thickness rang-
ing from 10 to 90 nm. FIG. 4 is a SEM photo of the ion-
sensitive nanorods 3 thus formed.

Encapsulation to Form the lon Sensor

[0034] A masking tape (not shown) was used to cover the
ion-sensitive nanorods 3, followed by fixing one end of a
conductive wire (serving as the conductive line 5) to the ITO
glass substrate through a silver paste 6, enclosing the ITO
glass substrate except for the masking tape using an epoxy
resin, and removing the masking tape after the encapsulation
$0 as to expose the ion-sensitive nanorods 3.

COMPARATIVE EXAMPLE

[0035] The ion sensor of Comparative Example was
formed by depositing a titanium dioxide film on the ITO
substrate (no conductive cores were formed on the ITO sub-
strate) through the sputtering techniques with operating con-
ditions similar to those of Example 1. The titanium dioxide
film thus formed has a layer thickness of about 90 nm.

Performance Test

[0036] Performance tests for the ion sensors of Example
land Comparative Example were carried out by using the ion
concentration measuring system (see FIG. 5). The ion sensor
10to be tested and a reference electrode 11 were immersed in
the solution 12 and were connected to a voltage meter (not
shown) through the differential amplifier 13. In the perfor-
mance test, an output voltage of the ion sensor 10 correspond-
ing to the pH value of the solution 12 was measured by the
voltage meter. Measurements of the output voltage for differ-
ent solutions 12 having different ion concentrations (different
pH values) were repeated.

[0037] FIG. 6 shows the relation between the output volt-
age and the pH value for the performance tests of Example 1
and Comparative Example. Based on the results shown in
FIG. 6, the sensitivities and linearities of the ion sensors of
Example 1 and Comparative Example can be calculated. The
sensitivity and linearity of the ion sensor of Example 1 are
53.4mV/pH and 0.976, respectively, while the sensitivity and
linearity of the ion sensor of Comparative Example are 47.4
mV/pH and 0.997, respectively.

[0038] FIG. 7 shows the relation between the output volt-
age and the elapsed time for the performance tests of Example
1 and Comparative Example, with the pH of the solution
being maintained at 10. Based on the results of FIG. 7, a
voltage drift (unit: mV/hr) of the ion sensor of each of
Example 1 and Comparative Example can be calculated. The
results show that the ion sensor of Example 1 has a voltage
drift of about 2.26 mV/hr during the elapsed time from the
beginning to 7 hrs and a voltage drift of about 1.0 mV7/hr after
7 hrs of the elapsed time, and that the ion sensor of Compara-
tive Example has a voltage drift of about 15.2 mV/hr during
the elapsed time from the beginning to 7 hrs and a voltage drift
of about 1.28 mV/hr after 7 hrs of the elapsed time.
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[0039] By forming the ion-sensitive nanorods 3 on the con-
ductive base structure 2 of the ion sensor of this invention, the
sensitivity and the voltage drift of the ion sensor of this
invention can be improved as compared to the conventional
ion sensor.

[0040] While the present invention has been described in
connection with what is considered the most practical and
preferred embodiment, it is understood that this invention is
not limited to the disclosed embodiment but is intended to
cover various arrangements included within the spirit and
scope of the broadest interpretation so as to encompass all
such modifications and equivalent arrangements.

What is claimed is:

1. An ion sensor for measuring ion concentration of a
solution, comprising:

a conductive base structure including a substrate and an
electrode film formed on said substrate and having a
sensing region;

a plurality of ion-sensitive nanorods protruding from one
side of said electrode film opposite to said substrate,
covering entirely said sensing region of said electrode
film, and exhibiting an ion selectivity of absorbing anion
of interest thereon for inducing a surface potential cor-
responding to concentration of the ion of interest in the
solution; and

an encapsulant of an insulator enclosing said conductive
base structure except for said sensing region of said
electrode film and formed with a window for exposing
said ion-sensitive nanorods to the solution.

2. The ion sensor of claim 1, wherein each of said ion-
sensitive nanorods has a conductive core made from an elec-
trically conductive material and protruding from said elec-
trode film, and an ion-sensitive layer formed on and enclosing
said conductive core and made from an ion-sensitive material
different from said electrically conductive material, said ion-
sensitive material exhibiting the ion selectivity.

3. The ion sensor of claim 2, wherein said conductive core
of each of said ion-sensitive nanorods has a diameter ranging
from 10-50 nm.

4. The ion sensor of claim 2, wherein said ion-sensitive
layer of each of said ion-sensitive nanorods has a layer thick-
ness ranging from 10-90 nm.

5. The ion sensor of claim 2, wherein said electrode film is
made from said electrically conductive material.

6. The ion sensor of claim 2, wherein said electrically
conductive material is indium tin oxide, tin oxide, or indium
oxide.

7. The ion sensor of claim 6, wherein said electrically
conductive material is indium tin oxide.

8. The ion sensor of claim 2, wherein said ion-sensitive
material is selected from titanium dioxide, tin dioxide, zinc
oxide, ruthenium oxide, and iridium oxide.

9. The ion sensor of claim 8, wherein said ion-sensitive
material is titanium dioxide.

10. The ion sensor of ¢claim 1, wherein said insulator of said
encapsulant is made from epoxy resin.

11. The ion sensor of claim 1, wherein said substrate is
made from glass.



