
We report on the development of a Pt/HfO2/
SiO2/SiC sensor structure, which shows no 
response to O2 ambients. As a result, the 
use of this sensor within a sensing array 
would significantly improve selectivity 
between H2 and O2, enabling the unique 
determination of the composition. The use of 
SiC as the substrate material also enables 
this sensor to operate at temperature 
beyond 300C, where standard electronics 
fail, opening up a range of applications from 
automotive exhaust monitoring to scientific 
studies of volcanic craters. Examination of 
the sensing mechanisms reveal that a 
positively charged dipole layer is not formed 
dur ing exposure to O2. Whi ls t the 
passivation of trapping states at the SiO2/
SiC interface have little influence on the 
response to either H2 or O2. 

An n-type 4H-SiC layer (ND=2.03x1016 cm-3) 
was was oxidised at 1150°C, in 80 SCCM of 
dry O2 for 200 minutes, producing a 20nm 
thick SiO2 film on the Si-face. To form the 
backside contact, 5nm Ti/100nm Ni was 
deposited by DC sputtering and vacuum 
annealed for 200 seconds at 1050°C, 
creating a Ni2Si based Ohmic contact. This 
was removed, following the methods 
outlined in [8]. 60nm of hafnium was DC 
sputtered onto the SiO2. Rapid Thermal 
Processing (RTP) of the hafnium for 3 
minutes at 550°C was used to form HfO2. 

Contacts comprising of 5nm Ti/75nm Pt 
were then DC sputtered onto the HfO2 and 
to enable wire bonding, annular rings of 5nm 
Cr/185nm Au were deposited on top of 
these by E-Beam. The resulting structure 
can be seen in figure 1.  The sensors were 
completed with a back contact of 5nm Ti/
60nm Ni/5nm Cr/60nm Au that was 
deposited onto the Ohmic contact region [8].
 
After fabrication, devices with a contact area 
of 4.91x10-4 cm2 were mounted into a 
ceramic DIL chip and placed in a gas test 
chamber. Initially they were annealed in N2 
at 400°C for several hours to stabilise their 
characteristics.

C a p a c i t a n c e - Vo l t a g e ( C - V ) a n d 
Conductance - Voltage (G-V) characteristics 
were measured at 300C using a 1MHz 
excitation frequency, using a HP4284 LCR 
bridge. The chamber was filled with a 
combination of pure N2 and 2.5% H2 in N2 or 
2.0% O2 in N2, with the flow rate of each 
being managed by a mass flow controller 
(MFC). During this investigation, the 
chamber pressure was maintained at 11 
Torr, whilst the input rate of H2 was varied 
between 0ppm and 2300ppm and O2 
between 0ppm to 1800ppm.

Results and Discussion Experimental

Discriminating Gas Concentrations in 
Extreme Environments

Benjamin J.D. Furnival, Nick G. Wright, Alton B. Horsfall
School of Electrical, Electronic and Computer Engineering, Newcastle University, NE1 7RU, UK

The authors wish to thank ONE North East for funding as part 
of the Extreme Technologies Project and acknowledge the 
support of the Engineering and Physical Sciences Research 
Council (EPSRC), UK and a CASE studentship through the 
Electronics, Sensors and Photonics KTN.

Follow our work at resilienttechnology.wordpress.com

Abstract

Introduction

Conclusions

A large proportion of research into resilient 
sensing has incorporated the use of wide 
band-gap semiconductors such as silicon 
carbide (SiC). The benefit of wide band-gap 
s e m i c o n d u c t o r s i s t h e i r s u p e r i o r 
temperature resilience, as whilst devices 
fabricated on Si fail at below 175°C, SiC 
can potentially operate at temperatures in 
excess of 900°C [1]. Additionally, the strong 
silicon to carbon bonds in the SiC lattice, 
provide enhanced chemical inertness and 
radiation tolerance when compared with Si.

The Metal-Insulator-Semiconductor (MIS) 
capacitor is a popular structure for gas 
sensing and has been shown to be 
sensitive to many gas species, including 
H2, O2, H2S and CO, at temperatures of 
greater than 300°C [2,3,4]. The response of 
a device to a mixed gas ambient is 
therefore complex and influenced by 
mul t ip le s t imul i , wh ich cannot be 
individually quantified. Using a sensor array 
significantly improves selectivity and 
statistical techniques enable accurate 
discrimination between gases [5].

To produce a sensor array, multiple devices 
with a range of sensitivities are required, 
which could be achieved by varying the 
catalyst used for the gate contact [6]. 
However, materials suitable for this, such 
as platinum (Pt), palladium (Pd) and iridium 
(Ir) are expensive and it would be more 
convenient and offer an extra design 
parameter, if it were possible to achieve 
this be means of modifying the dielectric 
stack. 

It has previously been revealed that a Pt/
SiO2/SiC device has sensitivity to both H2 
and O2, using a detection mechanism that 
combines the formation of a dipole layer 
below the gate contact and passivation of 
interface states [7]. A different study 
indicates that incorporating a high- 
dielectric layer produces similar results, as 
a Pd/TiO2/SiO2/SiC device gives a 
substantial response to both H2 and O2 [2]. 
However, in this paper a Pt/HfO2/SiO2/SiC 
structure is demonstrated that shows no 
sensitivity to an O2 ambient. The device still 
gives a large response to H2 and its 
detection mechanism is found not to 
incorporate passivation of interface states. 

We have shown for the first time that a Pt/
HfO2/SiO2/SiC structure is only sensitive to 
H2.  This differs from previous studies of SiC 
MIS based gas sensors, which are sensitive 
to both H2 and O2. This indicates that if the 
structure were used as a component of a 
sensor array, selectivity between H2 and O2 
could be improved considerably. 

Extraction of the H2 sensitivity for all of the 
available bias voltages reveals a peak 
occurs at midgap for any H2 concentration, 
therefore optimization of a device for H2 
sensitivity requires biasing at flatband 
voltage. 

Through extraction of φms we have shown 
that φm reduces with increasing H2 
concentration. This supports previous 
reports that formation of a charged dipole 
layer at the metal/dielectric interface 
enables gas sensitivity. 

However, by studying the shape of C-V 
characteristics, no stretch-out has been 
found and extracted values of DIT at midgap 
s t a y c o n s t a n t w i t h v a r y i n g g a s 
concentration. This contrasts with the 
previously reported mechanisms of trapping 
state passivation at the SiO2/SiC interface.
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Figure 1 - Schematic cross section of the sensor

Figure 3 - Capacitance voltage characteristics of a Pt/HfO2 
sensor in hydrogen at 300C

Figure 4 - Capacitance voltage characteristics of a Pt/HfO2 
sensor in oxygen at 300C

Figure 6 - Conductance - voltage characteristics of a Pt/HfO2 
sensor in oxygen at 300C

Figure 5 - Conductance - voltage characteristics of a Pt/HfO2 
sensor in hydrogen at 300C

Figure 7 - Response of a Pt/HfO2 sensor to oxygen and 
hydrogen at 300C

Figure 4 - Conductance - voltage characteristics in hydrogenFigure 4 - Conductance - voltage characteristics in hydrogen

Figure 8 - Variation of the metal - semiconductor 
workfunction for a Pt/HfO2 sensor in different gas ambients 
at 300C 
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Figure 2 - Scanning electron micrograph of a completed 
sensor

The data in figure 3 shows the C-V response of the sensor to increasing hydrogen concentration at 
300C.  The shift in flatband voltage has been previously described by the formation of a negative 
dipole layer.  This reduces the metal - semiconductor workfunction difference and so a different 
bias is required to achieve flatband conditions.  The increase in Cox indicates a reduction in the 
thickness of the dielectric by the formation of the dipole within the oxide layer.

In contrast, the data in figure 4 shows no response to oxygen concentration.  Previous results have 
indicated that similar structures give a response to both hydrogen and oxygen [2,6].  Figures 5 and 
6 show the change in conductivity with hydrogen and oxygen concentrations respectively.  This 
data also indicates that the sensor does not show a response to variations in oxygen concentration

VFB = φms −
Qf + Qm + Qot

COX

Response =
CMeasured − Cbaseline

CBaseline
× 100

Figure 7 shows the response of the sensor to different 
concentrations of hydrogen and oxygen, by using the 
capacitance at flatband in equation 1.  The data shows 
that as expected, the sensor shows no response to 
oxygen, but a significant response to hydrogen

The metal - semiconductor workfunction can be 
calculated using equation 2.  The charge within the 
oxide is constant during gas exposure and so the data 
shown in figure 7 can be extracted.  The reduction in 
workfunction is similar to reports that describe the gas 
sensing mechanism in terms of dipole formation. 

Equation 2 : Flatband voltage in an
MIS structure

Equation 1 : Sensor response
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