wo 2012/081965 A 1[I 000 OO O O Y O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/081965 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

21 June 2012 (21.06.2012) WIPOIPCT
International Patent Classification: (81)
GOIN 27/22 (2006.01)

International Application Number:
PCT/MY2011/000149

International Filing Date:
24 June 2011 (24.06.2011)

Filing Language: English
Publication Language: English
Priority Data:

PI 2010005998 15 December 2010 (15.12.2010) MY

Applicant (for all designated States except US): MIMOS
BERHAD [MY/MY]; Technology Park Malaysia, Kuala
Lumpur, 57000 (MY).

Inventor; and

Inventor/Applicant (for US only): BIEN, Chia Sheng,
Daniel [MY/MY]; Mimos Berhad, Technology Park
Malaysia, Kuala Lumpur, 57000 (MY).

Agent: DAMODHARAN, Ramakrishna; KASS Interna-
tional Sdn. Bhd., Suite 8-7-2 Menara Mutiara Bangsar,
Jalan Liku Off Jalan Riong, Bangsar, Kuala Lumpur,
59100 (MY).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ,
UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: INTERDIGITATED CAPACITOR AND DIELECTRIC MEMBRANE SENSING DEVICE

40

Figure 4

(57) Abstract: A device for sensing ions comprising: a pair of electrodes, each electrode having a plurality fingers, said fingers in an
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Interdigitated capacitor and dielectric membrane sensing device
FIELD OF INVENTION

5 The present invention relates to a device for chemical sensing applications using
interdigitated capacitive sensors and sensing membrane.

BACKGROUND OF INVENTION

10  Interdigitated capacitors incorporated with dielectric sensor membranes have been
widely used for chemical sensing applications. Typically, the physical structure of
the device comprises of a sensing membrane sitting on top of an array of
interdigitated fingers. The sensing mechanism is based on the dielectric properties
of membrane material which includes physical, chemical, or structural properties

15 influencing the fringing electric field between the finger electrodes resulting in a
change in capacitance.

US patent application 20100054299 (Werner, et al.) discloses a sensor device for
detecting thawing on surfaces with interdigital electrodes formed in a resistance

20 layer. Another US patent application, US 20090084686 (Yun, et al.) discloses a
biosensor for detecting presence and concentration of various bio-materials such
as genes and proteins using an interdigitated electrode sensor unit.

Both these prior arts and all other known art incorporate the sensing membrane

25 only on one side, or on top of the interdigitated electrode. Having a sensing
membrane on one side of the interdigitated electrode only utilises 50% of the
fringing field effect. Figure 1 shows a cross sectional view of a typical sensing
device with only a top sensing membrane layer hence only utilising 50% of its
fringing field effect. The interdigitated electrodes (20) sit beneath a sensor

30 membrane (32). The utilised fringe electric field (102) is only on the top, where the
sensor membrane is present. At the bottom side, the fringing electric field is not
utilised (104).

What is desirable is a device that utilises fully its fringing field effect.
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SUMMARY OF INVENTION

5 The present invention aims at providing a device that fully utilises its fringing field
effect by incorporating a second sensing membrane on the opposite side of the
interdigitated electrode to the side with the first sensing membrane.

This invention relates to a dual sided MEMS interdigitated capacitive sensor with
10 sensing membranes formed on both sides of the capacitive fingers. A through
substrate opening beneath the bottom sensing membrane allows for it to be in
contact with the sensed ions. Having sensing membranes on both sides of the
interdigitated structures allows full utilisation of the fringing field of the capacitor
device. The sensitivity and performance of the device will hence be significantly
15 improved. The suspended sensor device can be hinged onto the substrate at the
contact pad areas or at part of the interdigitated fingers. As each half of the finger
array is only connected to one pad, flexural rigidity of the overall structure is highly
dependent on whether the sensing membrane is able to support the interdigitated
structure. If the sensing membrane is very thin, hinging at the fingers would prevent
20 the structure from collapsing. The sensing membrane material can be of
ferroelectric and piezoelectric materials such as barium strontium titanate (BST),
lead zircornate titanate (PZT) and zinc oxide (ZnO), polymer material such
polyimide, and metal oxides such as tin oxide (SnO), tantalum pentoxide (TazOs),
aluminium oxide (Al;O3), hafnium oxide (HfO,), and tungsten oxide (WO,).
25

In another embodiment, nanostructures such as nanotubes or nanowires can be
used as the device’s sensing membrane, comprising carbon nanotubes, silicon
nanowires, tungsten nanowires, tungsten oxide nanowires, zinc oxide nanowires,
indium oxide nanowires, tin oxide nanowires, gold nanowires. They can be grown
30 using a thin metal catalyst material by a variety of methods including chemical
vapour deposition (CVD), metalorganic chemical vapour deposition (MOCVD),
plasma enhanced chemical vapour deposition (PECVD), hot wire chemical vapour
deposition (HWCVD), atomic layer deposition (ALD), electrochemical deposition,
solution chemical deposition. Catalyst materials used are typically gold (Au), cobalt
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(Co), iron (Fe), nickel (Ni), indium (In) and copper (Cu). The interdigitated capacitor
strcuture must be of a material that is able to withstand the high nanowire growth
temperature, which is typically above 400°C. Such material includes gold, platinum,
nickel, tungsten, cobalt and copper. These nanowires or nanotubes can be of

5 highly ordered vertical arrays or non-ordered multidirectional arrays covering both
sides of the interdigitated finger surfaces allowing a dual sided device with high
sensitivity. The fabrication method is compatible to standard integrated circuit (IC)
processing, allowing it to be integrated on the same platform as other MEMS or IC
type devices and electronic systems.

10
The present invention relates to a device for sensing ions comprising: a pair of
electrodes, each electrode having a plurality fingers, said fingers arranged in an
interdigitated manner in relation to each other; a bottom and a top sensor
membrane sandwiching said pair of electrodes; and a substrate housing said

15 sensor membranes, said substrate having an opening to allow said ions to come
into contact with said sensor membranes. A pair of contact pads is provided, each
contact pad attached and in electrical connection with each electrode.

In a first embodiment, the sensor membranes are hinged to the substrate either at
20 the contact pad or at the fingers, and are made from any or a combination of the

following: ferroelectric and piezoelectric materials such as barium strontium titanate

(BST), lead zircornate titanate (PZT) and zinc oxide (ZnQ); polymer materials such

as polyimide; and metal oxides such as tin oxide (SnO2), tantalum pentoxide

(Ta205), aluminium oxide (Al203), hafnium oxide (HfO2), and tungsten oxide
25 (WOx).

In a second embodiment, the sensor membranes comprise a plurality of nanowires
or nanotubes grown on or around the fingers, with an electrical insulating layer
between said nanowires and said fingers. The nanowires or nanotubes are made

30 from any or a combination of the following: carbon nanotubes, silicon nanowires,
tungsten nanowires, tungsten oxide nanowires, zinc oxide nanowires, indium oxide
nanowires, tin oxide nanowires, and gold nanowires. The nanowires or nanotubes
may be either uni-directional or multi-directional.
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The present invention also relates to a method of fabricating an ion sensor device
comprising the steps of:
a) depositing a first insulating layer onto top and bottom sides of a substrate;
b) etching the said bottom first insulating layer using either Tetrafluoromethane
5 (CF4) and Trifluoromethane (CHF3) plasma or in a hydrofluoric acid (HF) based
chemical solution;
c) depositing a bottom sensor membrane on top of the said top first insulating
layer;
d) depositing and etching a conductive layer to form the interdigitated fingers
10  and contact pads on top of the said bottom sensor membrane using a physical or
chemical vapour deposition (PVD or CVD) method,;
€) depositing a top sensor membrane layer on top of the said interdigitated
fingers; and
f) etching the said substrate from the bottom to form an opening beneath the
15 said interdigitated fingers using an inductively coupled plasma reactive ion etching
(ICP-RIE) method with sulphur hexafluoride (SF6) based plasma or with a wet
chemical etchant of potassium hydroxide (KOH) or Tetramethylammonium
Hydroxide (TMAH).
The said insulating layers are any or a combination of: silicon dioxide or silicon
20 nitride deposited by physical or chemical vapour deposition; or silicon dioxide
grown by a thermal oxidation method. The sensor membranes are made from any
or a combination of: ferroelectric and piezoelectric materials such as barium
strontium titanate (BST), lead zircornate titanate (PZT) and zinc oxide (ZnO);
polymer material such as polyimide; and metal oxides such as tin oxide (Sn0O2),
25 tantalum pentoxide (Ta205), aluminium oxide (AlI203), hafnium oxide (HfO2), and
tungsten oxide (WOx). The conductive layer includes any or a combination of the
following materials: gold (Au), platinum (Pt), nickel (Ni), tungsten (W), cobalt (Co)
and copper (Cu).

30 The present invention further relates to a method of fabricating an ion sensor
device comprising the steps of:
a) depositing a first insulating layer onto top and bottom sides of a substrate;
b) depositing a bottom catalyst layer on top of the said top first insulating layer
using a physical or chemical vapour deposition (PVD or CVD) and material(s)
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selected from a group consisting and not limited to gold (Au), cobalt (Co), iron (Fe),
nickel (Ni), indium (In) and copper (Cu);

) depositing a second insulating layer on top of the said bottom catalyst layer;
d) depositing and etching a conductive layer to form the interdigitated fingers

5 and contact pads on top of the said second insulating layer;

e) depositing a third insulating layer on top of the conductive layer to cover the
said interdigitated fingers and etching the ends of the said third insulating layer to
expose said contact pads;

f) depositing a second metal catalyst layer on top of the said third insulating
10 layer;
Q) etching the said substrate from the bottom to form an opening beneath the

said interdigitated fingers; and

h) growing of nanotubes or nanowires at the exposed metal catalyst areas by

any or a combination of the following methods: chemical vapour deposition (CVD);
15 metalorganic chemical vapour deposition (MOCVD); plasma enhanced chemical

vapour deposition (PECVD); hot wire chemical vapour deposition (HWCVD); atomic

layer deposition (ALD); electrochemical deposition; and solution chemical

deposition.

20 These and other objects of the present invention will become more readily apparent
from the detailed description given hereinafter. However, it should be understood
that the detailed description and specific examples, while indicating the preferred
embodiments of the invention, are given by way of illustration only, since various
changes and modifications within the spirit and scope of the invention will become

25  apparent to those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF DRAWINGS

30 Figure 1 shows a cross sectional view of a typical sensing device with only a top
sensing membrane layer of a prior art.

Figure 2 shows a plan view of a sensor device in a first embodiment of this

invention.



WO 2012/081965 PCT/MY2011/000149

Figure 3 shows a plan view of a sensor device in a second embodiment of this

invention.

5 Figure 4 shows a plan view of a sensor device in a third embodiment of this
invention.

Figure 5 shows a cross sectional view of a sensor device in a third embodiment of
this invention.

10
Figure 6 shows a cross sectional view of a sensor device in a fourth embodiment of
this invention.

Figures 7 (a) through (f) show stages in the fabrication process of first and second
15 embodiments of this invention.

Figures 8 (a) through (h) show stages in the fabrication process of third and fourth
embodiments of this invention.

20
DETAILED DESCRIPTION OF INVENTION

It should be noted that the following detailed description is directed to a sensing
device that fully utilises its fringing field effect by incorporating a second sensing

25 membrane on the opposite side of the interdigitated electrode to the side with the
first sensing membrane and the fabrication method thereof and is not limited to any
particular size or configuration but in fact a multitude of sizes and configurations
within the general scope of the following description.

30 Referring to Figures 2 and 3, there is shown, respectively, a first and second
embodiment of this invention and an ion sensor device comprising a pair of
electrodes (10, 12), each electrode having a plurality fingers (20), said fingers
arranged in an interdigitated manner in relation to each other; a bottom (30) and a
top (32) sensor membrane sandwiching said pair of electrodes; and a substrate
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(40) housing said sensor membranes, said substrate having an opening to allow
said ions to come into contact with said sensor membranes. A pair of contact pads
(50, 52) is provided, with each contact pad attached and in electrical connection
with each electrode (10, 12). In the first embodiment, the sensor membranes (30,

5 32) are hinged to the substrate at the contact pads (50, 52). In the second
embodiment, the sensor membranes (30, 32) are hinged to the substrate at the
fingers (20). The sensor membranes (30, 32) are made from any or a combination
of the following: ferroelectric and piezoelectric materials such as barium strontium
titanate (BST), lead zircornate titanate (PZT) and zinc oxide (ZnQO); polymer

10  materials such as polyimide; and metal oxides such as tin oxide (SnO2), tantalum
pentoxide (Ta205), aluminium oxide (Al203), hafnium oxide (HfO2), and tungsten
oxide (WOx).

Referring to Figure 4 and Figure 5, there is shown a third embodiment of this
15 invention and an ion sensor device comprising a pair of electrodes (10, 12), each
electrode having a plurality fingers (20), said fingers arranged in an interdigitated
manner in relation to each other; a bottom (30) and a top (32) sensor membrane
sandwiching said pair of electrodes; and a substrate (40) housing said sensor
membranes, said substrate having an opening to allow said ions to come into
20 contact with said sensor membranes. A pair of contact pads (50, 52) is provided,
with each contact pad attached and in electrical connection with each electrode
(10, 12). In this third embodiment, the sensor membranes comprise a plurality of
nanowires or nanotubes (60) grown uni-directionally (601) on or around the fingers
(20), with an electrical insulating layer (70) between said nanowires (60) and said
25 fingers (20).

Referring to Figure 6, there is shown a fourth embodiment of this invention and an
ion sensor device comprising a pair of electrodes, each electrode having a plurality
fingers (20), said fingers arranged in an interdigitated manner in relation to each
30 other; a bottom and a top sensor membrane sandwiching said pair of electrodes;
and a substrate housing said sensor membranes, said substrate having an opening
to allow said ions to come into contact with said sensor membranes. A pair of
contact pads is provided, with each contact pad attached and in electrical
connection with each electrode. In this third embodiment, the sensor membranes
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comprise a plurality of nanowires or nanotubes grown multi-directionally (602) on or
around the fingers (20), with an electrical insulating layer (70) between said
nanowires and said fingers (20).

5 The nanowires or nanotubes (60) of both the third and fourth embodiments of this
invention are made from any or a combination of the following: carbon nanotubes,
silicon nanowires, tungsten nanowires, tungsten oxide nanowires, zinc oxide
nanowires, indium oxide nanowires, tin oxide nanowires, and gold nanowires. The
nanowires or nanotubes may be either uni-directional or multi-directional.

10
Referring to Figure 7 (a) through (f), there is shown stages in the fabrication
process of the first and second embodiments of this invention, comprising the steps
of:
a) depositing a first insulating layer onto top (700) and bottom (701) sides of a
15 substrate (40), wherein the said insulating layers (700, 701) are any or a
combination of: silicon dioxide or silicon nitride deposited by physical or chemical
vapour deposition; or silicon dioxide grown by a thermal oxidation method;
b) etching the said bottom first insulating layer (701), wherein the said etching
of the said bottom first insulating layer (701) is done using either
20 Tetrafluoromethane (CF4) and Trifluoromethane (CHF3) plasma or in a hydrofluoric
acid (HF) based chemical solution;
c) depositing a bottom sensor membrane (30) on top of the said top first
insulating layer (700);
d) depositing and etching a conductive layer to form the interdigitated fingers
25  (20) and contact pads (50, 52) on top of the said bottom sensor membrane (30),
wherein the said deposition of said conductive layer is done using a physical or
chemical vapour deposition (PVD or CVD) method and the said conductive layer
includes any or a combination of the following materials: gold (Au), platinum (Pt),
nickel (Ni), tungsten (W), cobalt (Co) and copper (Cu);
30 e) depositing a top sensor membrane layer (32) on top of the said
interdigitated fingers (20); and
f) etching the said substrate (40) from the bottom to form an opening beneath
the said interdigitated fingers (20), wherein the said etching of the said substrate is
done using an inductively coupled plasma reactive ion etching (ICP-RIE) method
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with sulphur hexafluoride (SF6) based plasma or with a wet chemical etchant of
potassium hydroxide (KOH) or Tetramethylammonium Hydroxide (TMAH).

The said sensor membranes (30, 32) is made from any or a combination of:
5 ferroelectric and piezoelectric materials such as barium strontium titanate (BST),
lead zircornate titanate (PZT) and zinc oxide (ZnO); polymer material such as
polyimide; and metal oxides such as tin oxide (SnO2), tantalum pentoxide (Ta205),
aluminium oxide (AI203), hafnium oxide (HfO2), and tungsten oxide (WOx).

10 Referring to Figure 8 (a) through (h), there is shown stages in the fabrication
process of the third and fourth embodiments of this invention, comprising the steps

of:
a) depositing a first insulating layer onto top (700) and bottom (701) sides of a
substrate (40);

15 b) depositing a bottom catalyst layer (801) on top of the said top first insulating
layer (700), wherein the said deposition of said bottom catalyst layer (801) is done
using a physical or chemical vapour deposition (PVD or CVD) and material(s)
selected from a group consisting and not limited to gold (Au), cobalt (Co), iron (Fe),
nickel (Ni), indium (In) and copper (Cu);

20 ¢ depositing a second insulating layer (702) on top of the said bottom catalyst
layer (801);

d) depositing and etching a conductive layer to form the interdigitated fingers
(20) and contact pads (50, 52) on top of the said second insulating layer (702);
e) depositing a third insulating layer (703) on top of the conductive layer to

25 cover the said interdigitated fingers (20) and etching the ends of the said third
insulating layer to expose said contact pads (50, 52);

f) depositing a second metal catalyst layer (802) on top of the said third
insulating layer (703),
9) etching the said substrate (40) from the bottom to form an opening beneath

30 the said interdigitated fingers (20); and
h) growing of nanotubes or nanowires (60) at the exposed metal catalyst
areas, wherein the said nanotubes or nanowires are grown by any or a combination
of the following methods: chemical vapour deposition (CVD); metalorganic
chemical vapour deposition (MOCVD); plasma enhanced chemical vapour
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10

deposition (PECVD); hot wire chemical vapour deposition (HWCVD); atomic layer
deposition (ALD); electrochemical deposition; and solution chemical deposition.

The overall capacitance of the device is determined by the dimensions and
5 dielectric permittivity of the sensing membrane:

C =& &AM

where & is the dielectric constant, & the dielectric permittivity of the sensing

membrane, A is the total area and d is the gap between fingers.

10 While several particularly preferred embodiments of the present invention have
been described and illustrated, it should now be apparent to those skilled in the art
that various changes and modifications can be made without departing from the
spirit and scope of the invention. Accordingly, the following claims are intended to
embrace such changes, modifications, and areas of application that are within the

15  spirit and scope of this invention.
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11

CLAIMS

1. A device for sensing ions comprising:
a pair of electrodes (10, 12), each electrode having a plurality fingers
5 (20), said fingers arranged in an interdigitated manner in relation to

each other;
a bottom (30) and a top (32) sensor membrane sandwiching said
pair of electrodes (10, 12); and
a substrate (40) housing said sensor membranes (30), said

10 substrate having an opening to allow said ions to come into contact
with said sensor membranes (30, 32).

2. A device for sensing ions according to claim 1 further comprising a pair
of contact pads (50, 52), each said contact pad attached and in electrical
15 connection with each said electrode (10, 12).

3. A device for sensing ions according to any of claims 1 to 2 wherein the
said sensor membranes (30, 32) are hinged to the said substrate (40) at the
said contact pad (50, 52).

20
4, A device for sensing ions according to any of claims 1 to 2 wherein the
said sensor membranes (30, 32) are hinged to the said substrate (40) at the
said fingers (20).
25 5. A device for sensing ions according to any of claims 1 to 4 wherein the

said sensor membranes (30, 32) are made from any or a combination of the
following: ferroelectric and piezoelectric materials such as barium strontium
titanate (BST), lead zircornate titanate (PZT) and zinc oxide (ZnO); polymer
materials such as polyimide; and metal oxides such as tin oxide (SnO),
30 tantalum pentoxide (Ta,Os), aluminium oxide (Al,O3), hafnium oxide (HfO.),

and tungsten oxide (WO,).

6. A device for sensing ions according to any of claims 1 to 4 wherein the
said sensor membranes (30, 32) comprise a plurality of nanowires (60) on
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12

the said fingers (20), with an electrical insulating layer (70) between said
nanowires and said fingers.

7. A device for sensing ions according to claim 6 wherein said nanowires
5 (60) have a hollow center.
8. A device for sensing ions according to claim 6 or 7 wherein said

nanowires (60) are made from any or a combination of the following: carbon
nanotubes, silicon nanowires, tungsten nanowires, tungsten oxide

10 nanowires, zinc oxide nanowires, indium oxide nanowires, tin oxide
nanowires, and gold nanowires.

9. A device for sensing ions according to any of claims 6 to 8 wherein the
said nanowires (60) are located all around the said fingers (20).

15
10. A device for sensing ions according to any of claims 6 to 9 wherein the

said nanowires (60) may be either uni-directional (601) or multi-directional
(602).

20 11. A method of fabricating an ion sensor device comprising the steps of:
a) depositing a first insulating layer onto top (700) and bottom (701)
sides of a substrate (40);
b) etching the said bottom first insulating layer (701);
¢) depositing a bottom sensor membrane (30) on top of the said top
25 first insulating layer (700);
d) depositing and etching a conductive layer to form the interdigitated
fingers (20) and contact pads (50, 52) on top of the said bottom
sensor membrane (30);
e) depositing a top sensor membrane layer (32) on top of the said
30 interdigitated fingers (20); and
f) etching the said substrate (40) from the bottom to form an opening
beneath the said interdigitated fingers (20).

12. A method of fabricating an ion sensor device according to claim 11
35 wherein the said insulating layers (700, 701) are any or a combination of:
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silicon dioxide or silicon nitride deposited by physical or chemical vapour
deposition; or silicon dioxide grown by a thermal oxidation method.

13. A method of fabricating an ion sensor device according to claim 11 or 12
5 wherein the said etching of the said bottom first insulating layer (701) is
done using either Tetrafluoromethane (CF,) and Trifluoromethane (CHFs)

plasma or in a hydrofluoric acid (HF) based chemical solution.

14. A method of fabricating an ion sensor device according to any of claims
10 11 to 13 wherein the said sensor membranes (30, 32) is made from any or a
combination of: ferroelectric and piezoelectric materials such as barium
strontium titanate (BST), lead zircornate titanate (PZT) and zinc oxide
(Zn0); polymer material such as polyimide; and metal oxides such as tin
oxide (SnQO), tantalum pentoxide (Ta;Os), aluminium oxide (A1,Os), hafnium
15 oxide (HfO,), and tungsten oxide (WQ,).

15. A method of fabricating an ion sensor device according to any of claims
11 to 14 wherein the said deposition of said conductive layer is done using
a physical or chemical vapour deposition (PVD or CVD) method.

20
16. A method of fabricating an ion sensor device according to any of claims

11 to 15 wherein the said conductive layer includes any or a combination of
the following materials: gold (Au), platinum (Pt), nickel (Ni), tungsten (W),
cobalt (Co) and copper (Cu).

25
17. A method of fabricating an ion sensor device according to any of claims

11 to 16 wherein the said etching of the said substrate is done using an

inductively coupled plasma reactive ion etching (ICP-RIE) method with

sulphur hexafluoride (SFg) based plasma or with a wet chemical etchant of
30 potassium hydroxide (KOH) or Tetramethylammonium Hydroxide (TMAH).

18. A method of fabricating an ion sensor device comprising the steps of:
a) depositing a first insulating layer onto top (700) and bottom (701)
sides of a substrate (40);
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15

20

25

30

19.

20.

14

b) depositing a bottom catalyst layer (801) on top of the said top first
insulating layer (700);

¢) depositing a second insulating layer (702) on top of the said bottom
catalyst layer (801);

d) depositing and etching a conductive layer to form the interdigitated
fingers (20) and contact pads (50, 52) on top of the said second
insulating layer (702),

e) depositing a third insulating layer (703) on top of the conductive
layer to cover the said interdigitated fingers (20) and etching the
ends of the said third insulating layer to expose said contact pads
(50, 52);

f) depositing a second metal catalyst layer (802) on top of the said
third insulating layer (703);

g) etching the said substrate (40) from the bottom to form an opening
beneath the said interdigitated fingers (20); and

h) growing of nanotubes or nanowires (60) at the exposed metal
catalyst areas.

A method of fabricating an ion sensor device according to claim 18
wherein the said deposition of said bottom catalyst layer (801) is done using
a physical or chemical vapour deposition (PVD or CVD) and material(s)
selected from a group consisting and not limited to gold (Au), cobalt (Co),
iron (Fe), nickel (Ni), indium (In) and copper (Cu).

A method of fabricating an ion sensor device according to claim 18 or 19
wherein the said nanotubes or nanowires are grown by any or a
combination of the following methods: chemical vapour deposition (CVD);
metalorganic chemical vapour deposition (MOCVD); plasma enhanced
chemical vapour deposition (PECVD); hot wire chemical vapour deposition
(HWCVD); atomic layer deposition (ALD); electrochemical deposition; and
solution chemical deposition.
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