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CHEMICAL RESISTIVE GAS SENSOR FOR HYDROGEN SULPHIDE

The present invention relates to chemical resistive gas sensor, more particularly to
boron-doped gold functionalized metallic carbon nanotube structure for hydrogen

sulphide gas sensor device.

BACKGROUND ART

Sub ppm level sensors for hydrogen sulphide gas are in high demand because of the
toxic nature of hydrogen sulphide gas, where even trace amount of it in the environment
can cause harmful effects. The sensor is useful in environmental monitoring, petroleum

industry and food monitoring industry.

Most sensors today use semiconducting carbon nanotubes for their analyte dependent

conduction modulation which is the ChemFET sensor type.

A prior art listed the invention of nano-material based gas sensor in which gas sensing is
made using semi-conducting nano-material and similar gating mechanism. Another prior
art listed the detection of hydrogen sulphide using gold nanoparticle decorated single-
walled carbon nanotubes. This sensor uses the analyte-dependent gating mechanism
where carboxylated carbon nanotubes are used to create defects in carbon nanotube

structure followed by electrodeposition of gold NPs on the defective carbon nanotubes.

The above prior arts displayed the disadvantages of having drawbacks in the
semiconducting devices where parasitic charges present in the substrate can affect the
sensor stability and selectivity. Also the growth process of the carbon nanotube produces
both metallic and semiconducting carbon nanotubes and their separation is still a
challenge. Certain gases such as Hydrogen Sulphide, have low affinity towards pure
carbon Nanotubes while gold nanoparticles have poor adhesion on to pure carbon

nanotubes surface.

The present invention is made in view of the need to eliminate the drawbacks of using
FET based sensor mechanism which led to parasitic charges while enhancing the

selectivity towards hydrogen sulphide gas in trace amounts.
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SUMMARY OF INVENTION

The present invention proposes an incorporated boron-doped gold functionalized
metallic carbon nanotube structure for hydrogen sulphide gas sensor device. The use of
metallic or semiconducting carbon nanotubes in place of purely semiconducting carbon
nanotubes eliminates the effect of parasitic charges on the substrate and enhances the
selectivity towards hydrogen sulphide gas in trace amount. The enhancement is via the
use of gold functionalisation. Adhesion improvement of gold nanoparticles to the carbon

nanotubes are achieved by using boron doped carbon nanotubes.

A chemical resistive gas sensor for hydrogen sulphide, comprising: a substrate [26]; an
insulating layer [24] on the substrate [26]; interdigitated electrodes [22] on insulating
layer [24]; characterized in that, gold functionalised boron doped carbon nanotubes [20]
drop deposited onto the gaps between the interdigitated electrode area, wherein the gold
functionalised boron doped carbon nanotubes [20] enhances the selectivity and
sensitivity of the sensor towards hydrogen sulphide gas. The substrate [26] is silicon and

the insulating layer [24] is silicon oxide.

A method of fabricating chemical resistive gas sensor device, comprising: growing boron
doped carbon nanotubes [20] via chemical vapour deposition; fabricating interdigitated
electrodes [22] by photolitgraphy and evaporation of gold on an insulating layer [24] with
substrate [26]; purifying grown boron doped carbon nanotubes [20]; dispersing pure
grown boron doped carbon nanotubes [20] in dimethylformamide (DMF); drop-

depositing solution of pure grown boron doped carbon nanotubes [20] in DMF onto the
gaps between the electrode areas; forming a network of carbon nanotubes [20] over the
interdigitated electrode [22] area after evaporation of DMF; functionalizing carbon
nanotubes [20] with gold using electrodeposition technique; and aligning drop casted

carbon nanotubes [20] using dielectrophoresis.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a schematic drawing of one of the embodiments of the incorporated boron-
doped gold functionalized metallic carbon nanotube sensor structure.
Fig. 2 is a flowchart of the incorporated boron-doped gold functionalized metallic carbon

nanotube sensor fabrication process.
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DESCRIPTION OF EMBODIMENTS

Hereinafter, the present invention is described in detail.

The invention involves an incorporated boron-doped gold functionalized metallic carbon
nanotube structure for hydrogen sulphide gas sensor device. The chemical resistive gas
sensor device consist of gold functionalised boron doped carbon nanotube [20],
interdigitated gold electrodes [22] deposited via photolithography on top of an insulating
layer [24] which is deposited earlier on a substrate [26]. An embodiment of the insulating

layer and substrate is silicon oxide and silicon.

The schematic drawing of the structure is shown in Fig. 1.

To fabricate the sensor, the first step is to grow boron doped carbon nanotubes [20] via
chemical vapour deposition where methanol solution of boric acid is flowed into an
electric furnace onto a substrate pre-coated with catalyst. On the other hand, a layer of
silicon oxide [24] is deposited onto a silicon substrate [26]. This silicon substrate [26] and
silicon oxide [24] acts as insulating layer. This is followed by fabrication of interdigitated
electrodes [22] by photolitgraphy and evaporation of gold on the silicon dioxide [24] layer.

The grown boron doped carbon nanotubes [20] are then purified and then dispersed in
dimethylformamide (DMF). This solution is then drop deposited onto the gaps between
the electrode areas. A network of carbon nanotubes [20] is formed over the interdigitated
electrode [22] area after the evaporation of DMF. The carbon nanotubes [20] are then
functionalized with gold using electrodeposition technique where gold functionalisation
takes place selectively at the boron doped site. Then, the drop casted carbon nanotubes

[20] are aligned using dielectrophoresis followed by encapsulation of the sensor.

The fabrication process of the sensor is shown in flowchart, Fig. 2.

Hydrogen sulphide is detected using the sensor when gas molecules [28] of hydrogen
sulphide are absorbed on the gold functionalised boron doped carbon nanotubes [20]

surface and causes a change in the resistivity of the sensor, allowing detection.

Accordingly, the invention disclosed the fabrication of incorporated boron-doped gold
functionalized metallic carbon nanotube [20] structure for hydrogen sulphide gas sensor

device. This type of chemical resistive sensor can detect hydrogen sulphide gas
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molecules [28] at the sub ppm level. The unique feature of the sensor is the gold
functionalised boron doped carbon nanotubes [20] structure which is used to enhance
the selectivity and sensitivity towards hydrogen sulphide gas. Besides that, the boron
doping also helps in improving the adhesion of gold nanoparticles to the carbon

nanotube [20].
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CLAIMS

1.

A chemical resistive gas sensor for hydrogen sulphide, comprising:

a substrate [26];

an insulating layer [24] on the substrate [26];

interdigitated electrodes or any other electrodes [22] on insulating layer [24];
characterized in that,

gold functionalised boron doped carbon nanotubes [20] drop deposited onto the
gaps between the interdigitated electrode or any other type of electrodes area,

wherein the gold functionalised boron doped carbon nanotubes [20] enhances

the selectivity and sensitivity of the sensor towards hydrogen sulphide gas.

A sensor according to claim 1, wherein the substrate [26] is silicon and the insulating

layer [24] is silicon oxide but can be any other substrate and insulating layer.

A sensor according to claim 1, wherein the interdigitated electrodes [22] is preferably

gold but can be any conducting material.

A method of fabricating chemical resistive gas sensor device, comprising:

growing boron doped carbon nanotubes [20] via chemical vapour deposition;

fabricating interdigitated electrodes [22] by photolitgraphy and evaporation of
gold on an insulating layer [24] with substrate [26];

purifying grown boron doped carbon nanotubes [20];

dispersing pure grown boron doped carbon nanotubes [20] in dimethylformamide
(DMF);

drop-depositing solution of pure grown boron doped carbon nanotubes [20] in
DMF onto the gaps between the electrode areas;

forming a network of carbon nanotubes [20] over the interdigitated electrode [22]
area after evaporation of DMF;

functionalizing carbon nanotubes [20] with gold using electrodeposition technique;

aligning drop casted carbon nanotubes [20] using dielectrophoresis.

A method according to claim 4, wherein the growing of boron doped carbon nanotube
[20] via chemical vapour deposition is achieved by flowing methanol solution of boric

acid onto a substrate pre-coated with catalyst in an electric furnace.
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6. A method according to claim 4, wherein the electrodeposition technique to
functionalize carbon nanotubes [20] with gold is a technique where gold

functionalisation will take place selectively at boron doped site only.
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Fig. 1
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Fig. 2

Silicon substrate 26

(—

Silicon dioxide 24 deposited on silicon substrate 26

(—

Photolithography of interdigitated electrodes 22 on the
silicon dioxide 24 layer

(—

Drop casting of gold functionalised boron-doped
carbon nanotubes 20 in between the interdigitated electrode

(—

Aligning of carbon nanotubes 20 by dielectrophoresis

(—

Encapsulation of sensor
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