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(57) ABSTRACT

A structure for a metal-oxide-semiconductor field-effect tran-
sistor (MOSFET) sensor is provided. The structure includes a
MOSFET, a sensing membrane, and a reference electrode.
The reference electrode and the sensing membrane are
formed on the first surface of the MOSFET and are arranged
in such a way that the reference electrode and the sensing
membrane are uniformly and electrically coupled to each
other. Thus, the electric field between the sensing membrane
and the reference electrode is uniformly distributed therebe-
tween to stabilize the working signal of the MOSFET sensor.
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FIG. 1A (PRIOR ART)
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FIG. 4C



U.S. Patent Apr. 22,2014 Sheet 5 of 10 US 8,704,278 B2

~— 27

26

FIG. 5A

FIG. 5B



U.S. Patent Apr. 22,2014 Sheet 6 of 10 US 8,704,278 B2

FIG. 5C

27

FIG. 6



U.S. Patent Apr. 22,2014 Sheet 7 of 10 US 8,704,278 B2

FIG. 7

FIG. 8A



U.S. Patent Apr. 22,2014 Sheet 8 of 10 US 8,704,278 B2

FIG. 8B

FIG. 8C



U.S. Patent Apr. 22,2014 Sheet 9 of 10 US 8,704,278 B2

FIG. 94

FIG. 9B



U.S. Patent Apr. 22,2014 Sheet 10 of 10 US 8,704,278 B2

FIG. 9C

P

FIG. 10



US 8,704,278 B2

1
STRUCTURE FOR MOSFET SENSOR

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to the structure of a metal-
oxide-semiconductor field-effect transistor (MOSFET) sen-
sor and, more particularly, to the structure of a MOSFET
sensor for use in biomedical sensing.

2. Description of Related Art

Referring to FIGS. 1A and 1B, an ion-sensitive field-effect
transistor (ISFET) 100 must be provided with a reference
electrode 11 in order to sense hydrogen ions or other selective
ions, wherein the reference electrode 11 serves to provide the
reference voltage needed by the gate of the ISFET 100. Once
the surface of a sensing membrane 10 adsorbs the ions to be
sensed, the original gate voltage varies such that the output
current is changed. Thus, the pH value of a solution can be
sensed.

As shown in FIG. 1A, when the reference electrode 11 is
not integrated with the ISFET 100, the relatively long dis-
tance between the reference electrode 11 and the sensing
membrane 10 gives rise to a relatively weak electric field
therebetween, given the same electric potential difference. In
addition, as the reference electrode 11 and the sensing mem-
brane 10 form a parallel pair of electrodes with no gradient in
the electric field therebetween, the resultant ion migration is
relatively insignificant. Therefore, when the reference elec-
trode 11 is not integrated with the ISFET 100, the position of
the reference electrode 11 need not be particularly designed.

However, with the current trend toward sensor miniatur-
ization and high integration, the conventional arrangement
which requires the ISFET 100 to be connected to an external
reference electrode 11 has caused inconvenience in use and
prevented further downsizing. Consequently, it is difficult to
integrate both the ISFET 100 and the reference electrode 11
into a micro-current system, and applications of the ISFET
100 and the reference electrode 11 are subjected to limita-
tions.

FIG. 1B shows a prior art structure in which the reference
electrode 11 and the ISFET 100 are integrated into a single
chip. After integration, the reference electrode 11 and the
sensing membrane 10 form a coplanar electrode structure,
and yet electric field distribution between the reference elec-
trode 11 and the sensing membrane 10 is rendered non-uni-
form. Moreover, due to cost and miniaturization consider-
ations, the reference electrode 11 must be very close to the
sensing membrane 10 such that the electric field therebe-
tween is substantially increased and causes relatively signifi-
cant ion migration. Such ion migration, nevertheless, tends to
disturb response signals and thus impair the stability of the
ISFET sensor.

BRIEF SUMMARY OF THE INVENTION

The present invention discloses a structure for a metal-
oxide-semiconductor field-effect transistor (MOSFET) sen-
sor, wherein the structure includes a MOSFET, a sensing
membrane, and a reference electrode. The present invention
aims to render uniform the electric field distribution between
the sensing membrane and the reference electrode so that the
working signal of the MOSFET sensor can be stabilized.

The present invention provides a structure for a MOSFET
sensor. The structure includes: a MOSFET having a first
surface; a sensing membrane formed on the first surface; and
a reference electrode formed on the first surface, wherein the
reference electrode and the sensing membrane are arranged in
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such a way that the reference electrode and the sensing mem-
brane are uniformly and electrically coupled to each other.

Implementation of the present invention at least produces
the following advantageous effects:

1. The distribution of the electric field between the sensing
membrane and the reference electrode can be rendered uni-
form.

2. The working signal of the MOSFET sensor can be sta-
bilized.

Hereinafter, the detailed features and advantages of the
present invention are described in detail by way of the pre-
ferred embodiments of the present invention so as to enable
persons skilled in the art to gain insight into the technical
disclosure of the present invention, implement the present
invention accordingly, and readily understand the objectives
and advantages of the present invention by making reference
to the disclosure of the specification, the claims, and the
drawings of the present invention.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1A schematically shows the electric field distribution
between the reference electrode and the sensing membrane of
a conventional ion-sensitive field-effect transistor (ISFET);

FIG. 1B schematically shows the electric field distribution
between a conventional reference electrode and a conven-
tional sensing membrane that are coplanar;

FIG. 2 schematically shows the structure of a metal-oxide-
semiconductor field-effect transistor (MOSFET) sensor
according to an embodiment of the present invention;

FIG. 3 shows an aspect of the present invention in which
the sensing membrane and the reference electrode are shaped
as a disc and a ring respectively;

FIG. 4A shows an aspect of the present invention in which
the sensing membrane and the reference electrode are shaped
as a polygon and a polygonal ring respectively;

FIG. 4B shows an aspect of the present invention in which
the sensing membrane is shaped as a polygon, and the refer-
ence electrode as a polygonal ring having a gap;

FIG. 4C shows an aspect of the present invention in which
the sensing membrane is shaped as a polygon, and the refer-
ence electrode as a polygonal ring having two gaps;

FIG. 5A shows an aspect of the present invention in which
the sensing membrane and the reference electrode are shaped
as a rectangle and a rectangular frame respectively;

FIG. 5B shows an aspect of the present invention in which
the sensing membrane is shaped as a rectangle, and the ref-
erence electrode as a rectangular frame having a gap;

FIG. 5C shows an aspect of the present invention in which
the sensing membrane is shaped as a rectangle, and the ref-
erence electrode as a rectangular frame having two gaps;

FIG. 6 shows a first aspect of the present invention in which
the sensing membrane and the reference electrode are
arranged in an interdigitating manner;

FIG. 7 shows an aspect of the present invention in which
the sensing membrane and the reference electrode are shaped
as a ring and a disc respectively;

FIG. 8 A shows an aspect of the present invention in which
the sensing membrane and the reference electrode are shaped
as a polygonal ring and a polygon respectively;

FIG. 8B shows an aspect of the present invention in which
the sensing membrane is shaped as a polygonal ring having a
gap, and the reference electrode as a polygon;

FIG. 8C shows an aspect of the present invention in which
the sensing membrane is shaped as a polygonal ring having
two gaps, and the reference electrode as a polygon;
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FIG. 9A shows an aspect of the present invention in which
the sensing membrane and the reference electrode are shaped
as a rectangular frame and a rectangle respectively;

FIG. 9B shows an aspect of the present invention in which
the sensing membrane is shaped as a rectangular frame hav-
ing a gap, and the reference electrode as a rectangle;

FIG. 9C shows an aspect of the present invention in which
the sensing membrane is shaped as a rectangular frame hav-
ing two gaps, and the reference electrode as a rectangle; and

FIG. 10 shows a second aspect of the present invention in
which the sensing membrane and the reference electrode are
arranged in an interdigitating manner.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 2 for an embodiment of the present
invention, a structure for a metal-oxide-semiconductor field-
effect transistor (MOSFET) sensor includes a MOSFET 20, a
sensing membrane 26, and a reference electrode 27.

The MOSFET 20 is configured to amplify an electric
potential variation (i.e., a voltage signal) sensed by the sens-
ing membrane 26 and then output the amplified voltage sig-
nal. The MOSFET 20 has a first surface 21, which is the upper
surface of a passivation layer 22, also the uppermost layer, of
the MOSFET 20 structure. The MOSFET 20 may have at
least one gate metal layer 23 which is located between the
sensing membrane 26 and the gate 24 of the MOSFET 20 and
is parallel to the sensing membrane 26. Additionally, the at
least one gate metal layer 23 has one end electrically con-
nected to the sensing membrane 26, and the other end elec-
trically connected to the gate 24. When there are plural gate
metal layers 23, the gate metal layers 23 are parallel to one
another vertically and are electrically connected by conduc-
tive posts 25 provided between each two adjacent layers.

The sensing membrane 26 is configured for sensing spe-
cific ions or biological substances. The sensing membrane 26
is formed on the first surface 21 and is formed of a specific
insulating material (e.g., aluminum oxide) or an enzyme.
Depending on the intended use of the MOSFET sensor, the
sensing membrane 26 can be an ion-sensing membrane or a
biomedical sensing membrane. When the sensing membrane
26 is an ion-sensing membrane, it can be used to sense spe-
cificions such as hydrogen ions, potassium ions, sodium ions,
calcium ions, chlorine ions, and fluorine ions. In particular,
the ion-sensing membrane can be formed of a material which
can form a hydrogen bond with a hydrogen ion, such as
tantalum pentoxide (Ta,O;), lead titanate (PbTiO;), alumi-
num oxide (Al,O,), silicon nitride (Si;N,), and silicon diox-
ide (Si0O,). When the sensing membrane 26 is a biomedical
sensing membrane, on the other hand, it can be used to sense
different biological substances such as urea and glucose. In
that case, the material of which the surface of the biomedical
sensing membrane is formed can be an enzyme, a DNA, a
protein receptor, or like substances.

Since the sensing membrane 26 is electrically connected to
the gate 24 of the MOSFET 20 by the at least one gate metal
layer 23, when the sensing membrane 26 reacts with specific
ions in a solution to be tested such that the electric potential on
the sensing membrane 26 is changed, the variation in the
electric potential will be transmitted to the gate 24 of the
MOSFET 20 via the at least one gate metal layer 23, so as for
the MOSFET 20 to generate the corresponding output signal.

The reference electrode 27 is also formed on the first sur-
face 21. The reference electrode 27 and the sensing mem-
brane 26 are arranged in such a way that they are uniformly
and electrically coupled to each other. The reference elec-
trode 27 provides the reference voltage needed by the sensing
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membrane 26 during operation of the MOSFET sensor. By
doing so, and because the sensing membrane 26 and the gate
24 are electrically connected, the reference electrode 27 also
provides the reference voltage needed by the gate 24. The
material of which the reference electrode 27 is made is a
substance which can provide electric potential but does not
take part in reactions. Some examples of such substances are
platinum, gold, and silver/silver chloride, which is formed by
chlorinating the surface of silver.

Once integrated with the MOSFET sensor, the reference
electrode 27 is coplanar with the sensing membrane 26. How-
ever, in order to achieve uniform distribution of the electric
field between the reference electrode 27 and the sensing
membrane 26, and thereby prevent the MOSFET sensor from
instable operation which may otherwise occuriftheions to be
sensed are interfered by a non-uniform electric field, special
arrangements must be made for the sensing membrane 26 and
the reference electrode 27. The various arrangements for the
sensing membrane 26 and the reference electrode 27 are
demonstrated hereinafter according to certain exemplary
aspects of the present invention.

Referring to FIG. 3, the sensing membrane 26 may be
shaped as a disc while the reference electrode 27 is shaped as
a ring and surrounds the sensing membrane 26 at a uniform
spacing therefrom. More specifically, all points on the periph-
ery of the sensing membrane 26 are radially equidistant from
the inner periphery of the reference electrode 27. This allows
uniform distribution of the electric field between the sensing
membrane 26 and the reference electrode 27 and prevents the
ions to be sensed from interference by an otherwise non-
uniform electric field.

As shown in FIG. 4A, itis also feasible to shape the sensing
membrane 26 as a polygon, and the reference electrode 27 as
a polygonal ring that corresponds to the sensing membrane
26. In addition, the reference electrode 27 surrounds the sens-
ing membrane 26 in such a way that the distance between
each side of the polygon and the corresponding inner side of
the polygonal ring is the same. This arrangement allows rela-
tively uniform distribution of the electric field between the
sensing membrane 26 and the reference electrode 27.

Reference is now made to FIGS. 4B and 4C, in each of
which drawings the sensing membrane 26 is still shaped as a
polygon, and the reference electrode 27 is still shaped as a
polygonal ring corresponding to and surrounding the sensing
membrane 26. However, each polygonal ring is further pro-
vided with at least one gap to prevent the reference electrode
27 from forming a closed circuit. It should be noted that,
while the gaps are shown as located at the corners of the
polygonal rings, the gaps may be arbitrarily located on the
polygonal rings as well. Thus, the reaction between the sens-
ing membrane 26 and the ions to be sensed is kept from
interference which may otherwise result if the reference elec-
trode 27 forms a closed circuit. This allows the MOSFET
sensor to be used in different application environments or
situations.

Referring to FIG. 5A, as the foregoing polygon can be a
rectangle, it is feasible to shape the sensing membrane 26 as
a rectangle, and the polygonal ring-shaped reference elec-
trode 27 as a rectangular frame that surrounds the sensing
membrane 26, wherein each of the four sides of the rectangle
is equidistant from the corresponding one of the four inner
sides of the rectangular frame. This arrangement also allows
the electric field between the sensing membrane 26 and the
reference electrode 27 to be distributed in a relatively uniform
manner.

As shown in FIGS. 3, 4A, and 5A, the reference electrode
27 may surround the sensing member 26 entirely such that a
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closed circuit is formed. However, the current in the closed
circuit will generate a magnetic field at the center of the
circuit (i.e., at the sensing membrane 26), and the magnetic
field may, in some cases, interfere with the reaction between
the sensing membrane 26 and the ions to be sensed. To solve
this problem, the arrangement of the sensing membrane 26
and the reference electrode 27 can be further modified as
follows.

Referring to FIGS. 5B and 5C, the sensing membrane 26 is
shaped as a rectangle, and the reference electrode 27, though
still shaped as a rectangular frame surrounding the sensing
membrane 26, further has at least one gap located at a right-
angle corner of the rectangular frame, thus preventing the
reference electrode 27 from forming a closed circuit. It should
be noted that the at least one gap need not be located at a
right-angle corner of the rectangular frame and can be pro-
vided at an arbitrary position of the rectangular frame. Con-
sequently, the reaction between the sensing membrane 26 and
the ions to be sensed is kept from interference which may
otherwise result from the closed circuit formed by the refer-
ence electrode 27, and this allows the MOSFET sensor to be
used in different application environments or situations.

Referring to FIG. 6, the sensing membrane 26 and the
reference electrode 27 may also be arranged in an interdigi-
tating manner in which the corresponding sides of the sensing
membrane 26 and of the reference electrode 27 are equally
spaced to ensure that the electric field between the sensing
membrane 26 and the reference electrode 27 is uniformly
distributed in most areas therebetween.

While the arrangements shown in FIGS. 4B, 4C, 5B, 5C,
and 6 can keep the reference electrode 27 from forming a
closed circuit and prevent the reaction between the sensing
membrane 26 and the ions to be sensed from interference, itis
further required that, in cases where the reference electrode
27 only partially surrounds the sensing membrane 26, the
portion of the sensing membrane 26 that is surrounded by the
reference electrode 27 be greater than 50% of the sensing
membrane 26. This is to ensure that the sensing area between
the sensing membrane 26 and the reference electrode 27 is
large enough for sensing a sufficient amount of ions, so as to
produce significant voltage variation. Therefore, when the
reference electrode 27 only surrounds a portion of the sensing
membrane 26, it is important that the portion is greater than
50% of the sensing membrane 26; only then canthe MOSFET
sensor successfully sense such physical quantities as the con-
centration of ions or of a biological substance.

The arrangement of the sensing membrane 26 and the
reference electrode 27 is not limited to having a certain one of
them surrounding the other; that is to say, the aforesaid posi-
tions of the sensing membrane 26 and of the reference elec-
trode 27 are interchangeable. For example, referring to FIGS.
7 through 10, the reference electrode 27 may be surrounded
by the sensing membrane 26, wherein the reference electrode
27 is disc-shaped, and the sensing membrane 26 is ring-
shaped; or wherein the reference electrode 27 is shaped as a
polygon, and the sensing membrane 26 as a polygonal ring
corresponding to the reference electrode 27. In the latter case,
the reference electrode 27 may be shaped as a rectangle, and
the sensing membrane 26 as a rectangular frame. Moreover,
the polygonal ring may further have at least one gap which, in
cases where the sensing membrane 26 is a rectangular frame,
is located at a right-angle corner of the rectangular frame. In
addition, referring to FIG. 10, the sensing membrane 26 and
the reference electrode 27 may be arranged in an interdigitat-
ing manner different from that shown in FIG. 6.

While the arrangements shown in FIGS. 8B, 8C, 9B, 9C,
and 10 can keep the sensing membrane 26 from forming a
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closed circuit and prevent the reaction between the reference
electrode 27 and the ions to be sensed from interference, it is
further required that, in cases where the sensing membrane 26
only partially surrounds the reference electrode 27, the por-
tion of the reference electrode 27 that is surrounded by the
sensing membrane 26 be greater than 50% of the reference
electrode 27. This is to ensure that the sensing area between
the sensing membrane 26 and the reference electrode 27 is
large enough for sensing a sufficient amount of ions, so as to
produce significant voltage variation. Therefore, when the
sensing membrane 26 only surrounds a portion of the refer-
ence electrode 27, it is important that the portion is greater
than 50% of the reference electrode 27; only then can the
MOSFET sensor successfully sense such physical quantities
as the concentration of ions or of a biological substance.

In any of the structures described above, the reference
electrode 27 is integrated with the MOSFET 20 to complete
the manufacture of the MOSFET sensor. The major advan-
tage of integration with the MOSFET 20 is that a reading
circuit can be easily integrated to further downsize the MOS-
FET sensor. Moreover, by forming the sensing membrane 26
and the reference electrode 27 into particular shapes and
arranging them in particular ways, the electric field between
the sensing membrane 26 and the reference electrode 27 will
remain uniform almost everywhere therebetween. Thus, the
targets (e.g., ions) to be sensed are prevented from interfer-
ence otherwise attributable to a non-uniform electric field,
and the integrated MOSFET sensor will stay stable during
operation.

The features of the present invention are disclosed above
by the preferred embodiments to allow persons skilled in the
art to gain insight into the contents of the present invention
and implement the present invention accordingly. The pre-
ferred embodiments of the present invention should not be
interpreted as restrictive of the scope of the present invention.
Hence, all equivalent modifications or amendments made to
the aforesaid embodiments should fall within the scope of the
appended claims.

What is claimed is:

1. A structure for a metal-oxide-semiconductor field-effect
transistor (MOSFET) sensor, the structure comprising:

a MOSFET having a first surface;

a sensing membrane formed on the first surface; and

a reference electrode formed on the first surface, wherein

the reference electrode and the sensing membrane are
formed and positionally shaped relative to each other on
the first surface such that all peripheral portions of one of
the reference electrode and the sensing membrane are
substantially equidistant to corresponding peripheral
portions of the other of the reference electrode and the
sensing membrane, and the reference electrode and the
sensing membrane are uniformly coupled to each other
via an electric field that is formed therebetween.

2. The structure of claim 1, wherein the sensing membrane
is an ion-sensing membrane.

3. The structure of claim 2, wherein the ion-sensing mem-
brane is formed of a material capable of forming a hydrogen
bond with a hydrogen ion, the material being selected from
the group consisting of tantalum pentoxide (Ta,Os), lead
titanate (PbTiO;), aluminum oxide (Al,O,), silicon nitride
(Si3N,), and silicon dioxide (Si0,).

4. The structure of claim 1, wherein the sensing membrane
is a biomedical sensing membrane.

5. The structure of claim 4, wherein the biomedical sensing
membrane has a surface formed of an enzyme, a DNA, or a
protein receptor.
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6. The structure of claim 1, wherein the MOSFET has at
least a gate metal layer electrically connected between the
sensing membrane and a gate of the MOSFET.

7. The structure of claim 1, wherein the reference electrode
is made of platinum, gold, or silver/silver chloride.

8. The structure of claim 1, wherein the sensing membrane
is shaped as a disc, and the reference electrode is shaped as a
ring and surrounds the sensing membrane at a uniform spac-
ing therefrom.

9. The structure of claim 1, wherein the reference electrode
is shaped as a disc, and the sensing membrane is shaped as a
ring and surrounds the reference electrode at a uniform spac-
ing therefrom.

10. The structure of claim 1, wherein the sensing mem-
brane is shaped as a polygon, and the reference electrode is
shaped as a polygonal ring corresponding to the sensing
membrane and surrounds the sensing membrane.

11. The structure of claim 10, wherein the polygon is a
rectangle, and the polygonal ring is a rectangular frame.

12. The structure of claim 10, wherein the polygonal ring
further has at least a gap.

13. The structure of claim 12, wherein the polygon is a
rectangle, the polygonal ring is a rectangular frame, and each
said gap is located at a right-angle corner of the rectangular
frame.
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14. The structure of claim 1, wherein the reference elec-
trode is shaped as a polygon, and the sensing membrane is
shaped as a polygonal ring corresponding to the reference
electrode and surrounds the reference electrode.

15. The structure of claim 14, wherein the polygon is a
rectangle, and the polygonal ring is a rectangular frame.

16. The structure of claim 14, wherein the polygonal ring
further has at least a gap.

17. The structure of claim 16, wherein the polygon is a
rectangle, the polygonal ring is a rectangular frame, and each
said gap is located at a right-angle corner of the rectangular
frame.

18. The structure of claim 1, wherein the sensing mem-
brane and the reference electrode are arranged in an interdigi-
tating manner.

19. The structure of claim 1, wherein the reference elec-
trode surrounds a portion of the sensing membrane, the por-
tion being greater than 50% of the sensing membrane.

20. The structure of claim 1, wherein the sensing mem-
brane surrounds a portion of the reference electrode, the
portion being greater than 50% of the reference electrode.

#* #* #* #* #*
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