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ISFET INTEGRATED WITH A MICRO-HEATER AND FABRICATION METHOD
THEREOF

5 TECHNICAL FIELD OF THE INVENTION
This invention relates to a device for gas sensing application, more particularly to
a device comprising an ion-selective field-effect transistor (ISFET) with a micro-

heater.

10
BACKGROUND OF THE INVENTION
Micro-electromechanical system (MEMS) is a technology that has been
improving over the past decades. MEMS researchers have demonstrated a large
interest in one of the most notable elements of MEMS that is the microsensors
15 and applying them in almost every possible sensing modality including
temperature, pressure, inertial forces, chemical species, magnetic fields, and
radiation. Not only is the performance of MEMS devices exceptional, but the cost

production per-device is relatively low.

20  One of the applications of MEMS is in sensor-driven heating and cooling system.
MEMS technology plays an important role in producing chemical and gas micro-
sensors where an elevated temperature heating platform is required to improve

the sensitivity of a device.

25  Field effect transistor (FET) device has been used as a gas sensing system.
However, a higher temperature is still required to improve the sensitivity of the
device against the environment it is in. In order to improve the FET device, many
prior arts have come up with the idea of integrating a heating element into the
device and that should be able to increase the sensitivity of the sensing

30 membrane towards the environment. However, there are shortcomings in some

of these inventions disclosed in the prior arts.
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For example, in US patent 5,693,545 and US patent 6,028,331, the sensing
membrane element and the heating element are separated by an air gap. The air
gap may cause the sensing membrane element to be exposed to possible
chemical etchant produced when sacrificial layer of the device is removed. Such

5 occurrence may potentially damage the sensing membrane element.

Furthermore, in US patent 5,693,545, the heating element is formed directly
above the sensing membrane element and the exposed surface of the heating
element and the sensing membrane element are facing each other. This
10  configuration will partially block the sensing membrane element and reduce the

performance of the sensing membrane.

Micro-heater is an example of device used as a heating element. The micro-
heater usually comes with a metal oxide sensing membrane that is able to detect
15  the changes in the environment including gaseous ions. It is an improvement to
the existing prior arts if the FET device can be integrated with a micro-heater to

increase the level of sensitivity of the device as a sensor.

However, there are also some prior arts, for example in EP 0140460 B1 and US
20 patent 6,387,724 B1, both inventions do not have a heating element in their

proposed devices.

The prior arts demonstrated different ways to improve on the existing FET
devices. However, none of them is able to provide a FET device with a heating
25 element that can perform optimally in the environment. It is therefore a need to
improve the existing FET devices to have a higher sensitivity towards the
environment and to be able to detect the changes in the environment quickly and
efficiently without blocking the sensing membrane element and the heating
element.
30
Accordingly, it can be seen in the prior arts that there exists a need to provide a
method for fabricating an ISFET device integrated with a heating element,

particularly a micro-heater.
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SUMMARY OF THE INVENTION
The present invention is generally related to a method for fabricating a device
5 used in gas sensing applications. Said method involves a device comprises an

ion-selective field-effect transistor (ISFET) integrated with a micro-heater.

It provides a fabrication method which allows optimum efficiency for the ISFET
and micro-heater to operate without blocking the sensing membrane layer of the
10  ISFET. The fabrication method of the present invention includes the bonding of

two silicon substrates to form a device for gas sensing.

Accordingly, this may be achieved in accordance with a preferred embodiment of
the present invention a method for fabricating a device for gas sensing
15  application comprising an ion-selective field effect transistor (ISFET) integrated
with a micro-heater, the method is characterized by the steps of: providing an
active silicon substrate; doping the active silicon substrate to form a source
region and a drain region; forming a gate oxide layer on a surface of the active
silicon substrate layering above the source region and the drain region; forming
20 a first sensing membrane layer on the gate oxide layer; preparing a handle
silicon substrate with a field oxide layer on a surface of the handle silicon
substrate; inverting the active silicon substrate to bind the first sensing
membrane layer of the active silicon substrate to the field oxide layer of the
handle silicon substrate; thinning the active silicon substrate; depositing an
25 insulation layer on an exposed top surface of the active silicon substrate;
depositing an oxide layer on a bottom surface of the handle silicon substrate;
etching the insulation layer to form a pair of openings for providing an electrical
contact pad access to each of the source region and the drain region ; depositing
the micro-heater on the insulation layer; forming a cavity at the bottom of the
30 handle silicon substrate exposing the first sensing membrane layer of the active
silicon substrate, and wherein the cavity is on opposing side of the micro-heater;

forming a second sensing membrane layer in the cavity, wherein the second
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sensing membrane layer is in contact with the first sensing membrane layer; and

depositing a passivation layer on the micro-heater.

Further in accordance with a preferred embodiment of the present invention, the
5 first sensing membrane is a nitride sensing membrane layer; and the second

sensing membrane is a metal oxide sensing membrane layer.

The present invention also provides a device for gas sensing application wherein
the sensing membrane layer is optimally exposed to the environment while
10  reducing the risk of damaging the sensing membrane element. It is an objective
of the present invention that the sensing membrane layer is not blocked by any
structure of the device. The device of the present invention has a configuration of

two silicon substrates and a micro-heater.

15 Accordingly, this may be achieved in accordance with a preferred embodiment of
the present invention, a device for gas sensing application comprising an ion-
selective field effect transistor (ISFET) integrated with a micro-heater, the device
is characterised by: the ISFET further comprising: an active silicon substrate; an
insulation layer on a top surface of the active silicon substrate; a gate oxide layer

20 at the bottom of the active silicon substrate; a nitride sensing membrane layer at
the bottom of the gate oxide layer; a doped source region on the gate oxide layer;
a doped drain region on the gate oxide layer; a pair of openings etched on the
active silicon substrate for providing an electrical contact pad access to each of
the source region and the drain region; a handle silicon substrate; a field oxide

25 layer between the nitride sensing membrane layer and the handle silicon
substrate; an oxide layer on the bottom of the handle silicon substrate; a cavity
at the bottom of the handle silicon substrate exposing the nitride sensing
membrane layer; a metal oxide sensing membrane layer in the cavity which is in
contact with the nitride sensing membrane layer of the active silicon substrate;

30 and the micro-heater further comprising: a passivation layer on the micro-heater;
and wherein the micro-heater is deposited on the insulation layer and on

opposing side of the cavity of the handle silicon substrate.
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BRIEF DESCRIPTION OF THE DRAWINGS

The features of the invention will be more readily understood and appreciated
from the following detailed description when read in conjunction with the
accompanying drawings of the preferred embodiment of the present invention, in

5  which:

Figure 1A shows a schematic side sectional view of the ISFET with a source

region and a drain region on an active silicon substrate;

10  Figure 1B shows a schematic side sectional view of the layering on the active

silicon substrate;

Figure 1C shows a schematic side sectional view of the active silicon substrate
and a handle silicon substrate;

15
Figure 1D shows a schematic side sectional view of the ISFET with an insulation
layer on an exposed top surface of the active silicon substrate and an oxide layer

on a bottom surface of the handle silicon substrate;

20 Figure 1E shows a schematic side sectional view of the ISFET with a pair of
openings for providing an electrical contact pad access with the source region

and drain region;

Figure 1F shows a schematic side sectional view of the micro-heater on the
25 ISFET,

Figure 1G shows a schematic side sectional view of the ISFET with a cavity at

the bottom of the handle silicon substrate;

30 Figure 1H shows a schematic side sectional view of a second sensing

membrane deposited in the cavity of the handle silicon substrate;
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Figure 1J shows a schematic side sectional view of a passivation layer on the

micro-heater; and

Figure 2 shows a schematic side sectional view of a device comprising the
5 ISFET and the micro-heater according to an embodiment of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

10 The above mentioned and other features and objects of this invention will
become more apparent and better understood by reference to the following
detailed description. It should be understood that the detailed description made
known below is not intended to be exhaustive or to limit the invention to the
precise disclosed form as the invention may assume various alternative forms.

15 On the contrary, the detailed description covers all the relevant modifications and
alterations made to the present invention, unless the claims expressly state

otherwise.

The present invention relates to a method for fabricating a device for gas
20 sensing application comprising an ion-selective field effect transistor (ISFET)
integrated with a micro-heater (130), the method is characterized by the steps of:
providing an active silicon substrate (110); doping the active silicon substrate
(110) to form a source region (111) and a drain region (112) (Figure 1A); forming
a gate oxide layer (113) on a surface of the active silicon substrate (110) layering
25 above the source region (111) and the drain region (112) (Figure 1B);forming a
first sensing membrane layer (114) on the gate oxide layer (113) (Figure 1B),
preparing a handle silicon substrate (120) with a field oxide layer (121) on a
surface of the handle silicon substrate (120); inverting the active silicon substrate
(110) to bind the first sensing membrane layer (114) of the active silicon
30 substrate (110) to the field oxide layer (121) of the handle silicon substrate (120)
(Figure 1C); thinning the active silicon substrate (110) (Figure 1D); depositing an
insulation layer (115) on an exposed top surface of the active silicon substrate

(110) (Figure 1D); depositing an oxide layer (122) on a bottom surface of the
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handle silicon substrate (120) (Figure 1D); etching the insulation layer (115) to
form a pair of openings for providing an electrical contact pad (116) access to
each of the source region (111) and the drain region (112) (Figure 1E),
depositing the micro-heater (130) on the insulation layer (115) (Figure 1F);

5 forming a cavity at the bottom of the handle silicon substrate (120) exposing the
first sensing membrane layer (114) of the active silicon substrate (110), and
wherein the cavity is on opposing side of the micro-heater (130) (Figure 1G),
forming a second sensing membrane layer (123) in the cavity, wherein the
second sensing membrane layer (123) is in contact with the first sensing

10 membrane layer (114) (Figure 1H); and depositing a passivation layer (131) on
the micro-heater (130) (Figure 1H).

In an embodiment of the present invention, the active silicon substrate (110) is
doped by performing diffusion method or implantation method to form the source

15  region (111) and the drain region (112).

In the method of the present invention, the first sensing membrane layer (114) is
a nitride sensing membrane layer (114A) deposited on the active silicon

substrate (110) using chemical vapour deposition method.

20
In a further embodiment of the present invention, the active silicon substrate
(110) is thinned by a combination of grinding and chemical-mechanical polishing
(CMP) method, or a combination of plasma etching and wet chemical etching
process.

25

In an embodiment of the present invention, the step of forming the cavity at the
bottom of the handle silicon substrate (120) involves only a portion of the handle
silicon substrate (120) and the oxide layer (122) being etched. The etching goes
up to the field oxide layer (121) and expose a portion of the first sensing
30 membrane layer (114) of the active silicon substrate (110). The formation of the
cavity which is on the opposing side of the micro-heater (130) allows optimum
detection and exposure of the first sensing membrane layer (114) to the

environment. During the formation of the cavity, the oxide layer (122) may act as
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an etching mask. After the formation of the cavity, the oxide layer (122) that is

not etched may also act as an insulator.

In another embodiment of the present invention, the second sensing membrane
5 layer (123) is a metal oxide sensing membrane layer (123A) formed in the cavity
through radio frequency (RF) sputtering method. The step of depositing the
second sensing membrane layer (123) is performed towards the end of the
method to eliminate any possibility of damaging the second sensing membrane

layer (123) possibly by chemical etchants produced throughout the method.

10
The passivation layer (131) described in the method is preferably comprising a
silicon dioxide layer or a silicon nitride layer. The formation of the passivation
layer (131) on the micro-heater (130) is may be performed by using radio
frequency (RF) sputtering method or plasma enhanced chemical deposition
15  method.

The micro-heater (130) which is on opposing side of the second sensing
membrane layer (123) allows the exposing surface of the micro-heater (130) and
the second sensing membrane layer (123) to be fully exposed to its environment

20 for detection. Furthermore, the micro-heater (130) and the second sensing
membrane layer (123) are not blocked by any structure and does not have air
gap to separate them. This feature helps to increase the sensitivity of the micro-
heater (130) and the second sensing membrane layer (123) to its environment
and ensures optimum performance of the device.

25
Referring to Figure 2, it is also disclosed in accordance to an embodiment of the
present invention, a device for gas sensing application comprising an ion-
selective field effect transistor (ISFET) integrated with a micro-heater (130), the
device is characterised by: the ISFET further comprising: an active silicon

30 substrate (110); an insulation layer (115) on a top surface of the active silicon
substrate (110); a gate oxide layer (113) at the bottom of the active silicon
substrate (110); a nitride sensing membrane layer (114A) at the bottom of the

gate oxide layer (113); a doped source region (111) on the gate oxide layer (113);



WO 2015/178754 PCT/MY2015/000032

9

a doped drain region (112) on the gate oxide layer (113); a pair of openings
etched on the active silicon substrate (110) for providing an electrical contact
pad (116) access to each of the source region (111) and the drain region (112),
a handle silicon substrate (120); a field oxide layer (121) between the nitride
5 sensing membrane layer (114A) and the handle silicon substrate (120); an oxide
layer (122) on the bottom of the handle silicon substrate (120); a cavity at the
bottom of the handle silicon substrate (120) exposing the nitride. sensing
membrane layer (114A); a metal oxide sensing membrane layer (123A) in the
cavity which is in contact with the nitride sensing membrane layer (114A) of the
10  active silicon substrate (110); and the micro-heater (130) further comprising: a
passivation layer (131) on the micro-heater (130); and wherein the micro-heater
(130) is deposited on the insulation layer (115) and on opposing side of the

cavity of the handle silicon substrate (120).

15 In an embodiment of the device disclosed in the present invention, the micro-
heater (130) has a coiled or a serpentine wired structure. Furthermore, the
micro-heater (130) in the device is able to withstand a temperature of above

400°C, which is suitable to be used in gas sensing applications.

20  Although the present invention has been described with reference to specific
embodiments, it will be apparent for those skilled in the art that many variations
and modifications can be done within the scope of the invention as described in

the specification and defined in the following claims.

25
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CLAIMS

1) A method for fabricating a device for gas sensing application comprising
an ion-selective field effect transistor (ISFET) integrated with a micro-
5 heater (130), the method is characterized by the steps of:
a) providing an active silicon substrate (110);
b) doping the active silicon substrate (110) to form a source region
(111) and a drain region (112);
c) forming a gate oxide layer (113) on a surface of the active silicon
10 substrate (110) layering above the source region (111) and the
drain region (112);
d) forming a first sensing membrane layer (114) on the gate oxide
layer (113);
e) preparing a handle silicon substrate (120) with a field oxide layer
15 (121) on a surface of the handle silicon substrate (120),
f) inverting the active silicon substrate (110) to bind the first sensing
membrane layer (114) of the active silicon substrate (110) to the
field oxide layer (121) of the handle silicon substrate (120);
a) thinning the active silicon substrate (110);
20 h) depositing an insulation layer (115) on an exposed top surface of
the active silicon substrate (110),
i) depositing an oxide layer (122) on a bottom surface of the handle
silicon substrate (120);
) etching the insulation layer (115) to form a pair of openings for
25 providing an electrical contact pad (116) access to each of the
source region (111) and the drain region (112);
k) depositing the micro-heater (130) on the insulation layer (115);
)] forming a cavity at the bottom of the handle silicon substrate (120)
exposing the first sensing membrane layer (114) of the active
30 silicon substrate (110), wherein the cavity is on opposing side of

the micro-heater (130);
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m) forming a second sensing membrane layer (123) in the cavity,
wherein the second sensing membrane layer (123) is in contact
with the first sensing membrane layer (114); and

n) depositing a passivation layer (131) on the micro-heater (130).

2) A method, according to claim 1, wherein the active silicon substrate (110)
is doped by performing diffusion method or implantation method to form

the source region (111) and the drain region (112).

10 3) A method, according to claim 1, wherein the gate oxide layer (113) is
deposited on the surface of the active silicon substrate (110) by
performing thermal oxidation.

4) A method, according to claim 1, wherein the first sensing membrane layer
15 (114) is a nitride sensing membrane layer (114A) deposited on the active

silicon substrate (110) using chemical vapour deposition method.

5) A method according to claim 1, wherein the active silicon substrate (110)
is thinned by a combination of grinding and chemical-mechanical
20 polishing (CMP) method, or a combination of plasma etching and wet

chemical etching process.

6) A method according to claim 1, wherein the second sensing membrane
layer (123) is a metal oxide sensing membrane layer (123A) formed in the

25 cavity through radio frequency (RF) sputtering method.

7) A method, according to claim 1, wherein the passivation layer (131)
comprises a silicon dioxide layer or a silicon nitride layer, formed on the
micro-heater (130) by using radio frequency (RF) sputtering method or

30 plasma enhanced chemical deposition method.
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8)

12

A device for gas sensing application comprising an ion-selective field
effect transistor (ISFET) integrated with a micro-heater (130), the device
is characterised by:
a) the ISFET further comprising:
i) an active silicon substrate (110);
i) an insulation layer (115) on a top surface of the active
silicon substrate (110);
iii) a gate oxide layer (113) at the bottom of the active silicon
substrate (110);
iv) a nitride sensing membrane layer (114A) at the bottom of
the gate oxide layer (113);
1)) a doped source region (111) on the gate oxide layer (113);
vi) a doped drain region (112) on the gate oxide layer (113);
vii) a pair of openings etched on the active silicon substrate
(110) for providing an electrical contact pad (116) access to
each of the source region (111) and the drain region (112);
viii)  a handle silicon substrate (120),
ix) a field oxide layer (121) between the nitride sensing
membrane layer (114A) and the handle silicon substrate
(120);
X) an oxide layer (122) on the bottom of the handle silicon
substrate (120);
xi) a cavity at the bottom of the handle silicon substrate (120)
exposing the nitride sensing membrane layer (114A);
xii)  a metal oxide sensing membrane layer (123A) in the cavity
which is in contact with the nitride sensing membrane layer
(114A) of the active silicon substrate (110); and
b) the micro-heater (130) further comprising:
i) a passivation layer (131) on the micro-heater (130), wherein
the micro-heater (130) is deposited on the insulation layer
(115) and on opposing side of the cavity of the handle

silicon substrate (120).
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