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a b s t r a c t

Herein, we report sputter deposited SnO2 thin film based sensor structures anchored with

different metal clusters (Pt, Au, Cu, In, W and Cr) for efficient detection of H2 gas. Controlled

decoration of ~9 nm thin Pt clusters having 200 mm dia on the top surface of SnO2 thin film

exhibited dramatically outperformed results. The Pt/SnO2 sensor shows an improvement

upto two orders in sensing response S~1.68 � 102 towards 500 ppm of H2 gas at a relatively

low operating temperature of 110 �C. The sensor exhibited excellent gas sensing charac-

teristics in the concentration range 2e5000 ppm H2 at operating temperatures of 70e230 �C.

The sensor revealed negligible cross sensing signals against other interfering gases like

acetone, IPA, TCE, NO2, methane, LPG, petrol and NH3. The structural and surface

morphological studies of SnO2 thin films were carried out. Reliability analysis and selec-

tivity demonstration by Pt/SnO2 sensor was found to be consistent over long term. The

work envisions towards realization of targeted H2 detection system at low temperature.

© 2016 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

Introduction

Recently, development of cost effective, highly-sensitive,

novel-designed and low temperature operated gas sensors

basedon simple fabrication techniquehas drawnconsiderable

attention. A low power operated sensorwith excellent sensing

properties is of critical importance and is seriously required.

Owing to unique property and outstanding functionalities,

SnO2 has been investigated extensively for potential applica-

tions in optoelectronic devices [1e3], rechargeable Li-ion bat-

teries [4e6], gas sensors [7e9], bio-sensors [10,11] catalyst for

oxidation of organic compounds [12,13], solar cells [14,15],

electro-chromic windows [16,17]. SnO2 is the most preferred

material for gas sensing application due to its high electrical

conductivity (~102 U�1 cm�1) and natural tendency to adsorb

oxygen on its surface. The high sensitivity, fast response,

quick recovery andnoble stability towards various target gases

have made SnO2 an extremely discriminating choice for

sensing applications. It is widely used for environmental

monitoring, food safety, security and optimal process control

[18e20].

Conductometric gas sensors are ideal for their high sensi-

tivity, low production costs, miniature sizes and simple

configuration [21,22]. Since gas sensing is a surface phenom-

enon based on the change in surface conductivity and leading

to the change in resistance on exposure to gases, so thin film

sensing element is advantageous [23,24]. In SnO2 films, oxygen
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vacancies are the inherent property. In ambient air, adsorp-

tion of oxygenmolecules on the sensing layer causes trapping

of electrons from the conduction band of SnO2 and creates

electron depleted regions near the surface or grain bound-

aries. The gas response characteristics (sensitivity, selectivity,

response time and recovery time) strongly depend on the

catalytic additives, structure of the sensing layer (crystallite

dimension, porosity, stoichiometry of inter-crystalline bar-

riers etc.) and different valence states of oxygen species (O2,

O�, O�2) [25,26].

Since last few years, H2 is under significant attention of

scientific communities due to ever growing demand of energy

[27,28]. It has potential applications in fuel cells, nuclear

power plants, industry, refining in petroleum products and

space applications. It is highly explosive (minimum ignition

energy ~0.017 mJ) in air at concentrations range ~4% [29e32].

Thus safety is the key concern to counter the explosion pos-

sibility due to accidental H2 outflow at early step. A highly

reliable and supersensitive sensor is in demand to detect H2

gas ofwide concentration range at low operating temperature.

Here, some reports on H2 gas sensing based on SnO2 thin

films grown by various techniques are available [19,20,33e35].

Various catalysts and modifiers have been incorporated into

the sensing material for detection of H2 gas at low operating

temperature [34e45]. Despite the promising developments in

chemoresistive sensors, most of the reports show either

detection of higher concentration of H2 or poor sensitivity or

higher operating temperature or long response time [20,34,40].

Surface activation bymetal clusters is an efficient approach to

improve sensing performance. Chowdhuri et al. [46] and

Haridas et al. [47] used CuO and Pt clusters respectively at the

top surface of sputtered SnO2 thin film for enhanced gas

sensing performance and now it has become a custom choice

for other researchers too [48e50].

Sputtering is the standard and viable technique for pro-

ducing high quality reproducible films. The objective of the

present work is to develop RF sputtered SnO2 thin film based

H2 gas sensor having detecting capability of wide concentra-

tion range at low operating temperature. To improve sensing

properties, ultra-thin metallic clusters (UTMCs) to atop of

SnO2 thin film has been loaded and studied. Amongst all the

sensors, Pt/SnO2 sensor found exhibiting excellent sensing

performance towards H2 gas at 110 �C. Low detection limit of

2 ppm, rapid response and speedy recovery, excellent selec-

tivity and no ageing effect speaks its novelty. When compared

with results reported on H2 sensors prepared by sputtering

technique, the Pt/SnO2 sensor is found worthy due to superior

sensing properties [51e56]. Importantly, this technique for

sensor fabrication is also compatible in designing of nano-

sensors for multiple gas sensor collections.

Experimental details

Sensor fabrication

SnO2 thin films of 55 nm were deposited using RF magnetron

sputtering technique onto a pair of comb-like platinum (Pt)

interdigitated electrodes (IDEs) patterned over the corning

glass substrate. The Pt IDEs were patterned on the corning

glass substrate using conventional photolithography tech-

nique and details has been explained elsewhere [57]. The

deposition parameters used for growth of SnO2 thin films are

presented in Table 1. Initially the sputtering chamber was

evacuated to a base pressure of 1.0 � 10�6 T and successively

the reactive gas ((argon (ar) and oxygen (O2) mixed) was

inserted through MFCs to achieve the desired pressure. In

order to achieve the preferred morphology of sensing layer

and stable sensor resistance, the oxygen content in the reac-

tive gas composition was varied over the range 40e60% and

sputtering pressure was varied from 8 to 16 mT. During

deposition, substrates were kept fixed at a distance of 13.5 cm

from a 6 inch dia tin (Sn) target. An RF power of 200 W was

applied to the target and films were deposited at room tem-

perature. All as-grown SnO2 thin films were found to be

amorphous which were subjected to a post deposition

annealing treatment at 300 �C for 2 h in air ambient in order to

make crystalline and stabilize the film resistance. The SnO2

thin film deposited with 50% ar and 50% O2 content at a

sputtering pressure of 10 mT showed a high sensing response

and stable resistance and therefore these parameters were

considered as optimized processing condition.

To achieve improved sensing response characteristics, the

ultra-thin clusters (UTCs) of various metal catalysts i.e. plat-

inum (Pt), gold (Au), copper (Cu), indium (In), tungsten (W) and

chromium (Cr) were loaded to atop of SnO2 thin films. Fig. 1

represents the schematic of Pt IDEs and SnO2 thin film sur-

face anchored with ultra-thin metallic clusters (UTMCs). The

ultra-thin clusters (UTCs) of Pt,W and Cr were deposited by RF

magnetron sputtering using their respective metal targets

(purity 99.999%) in pure argon ambient while UTCs of Au, Cu

and In were thermally evaporated. UTMCs of 9 nm thick-

nesses were loaded using a stainless steel (SS) shadow mask

having uniformly distributed pores of 200 mm diameter. The

sensor without metal catalyst is referred as bare SnO2

whereas other sensors having UTCs of Pt, Au, Cu In, W and Cr

are referred as Pt/SnO2, Au/SnO2, Cu/SnO2, In/SnO2, W/SnO2

and Cr/SnO2 respectively.

The crystallographic orientation and the optical properties

of SnO2 thin films were characterized using X-ray diffrac-

tometry (XRD (Discover, Bruker D8)) with CuKa radiation. The

surface roughness and morphology of films were studied

using both high resolution field emission scanning electron

microscopy (FESEM, (FEI Nova Nano SEM 450) and (Mira 3,

TESCAN USA) and atomic force microscopy (AFM) in contact

Table 1 e Processing condition for the deposition of SnO2

thin film.

Technique RF magnetron sputtering

Substrate dimension (1.5 � 1.5) cm2

Target (T) Tin (99.999%), 600 dia.
Substrate (S) IDEs/corning glass substrate

T-S distance 13.5 cm

Base pressure 1.0 � 10�6 Torr

Deposition pressure 10 m Torr

Substrate temperature Room temperature

Gas composition 50% argon: 50% oxygen

RF power 200 W
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