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Abstract

The influence of gate bias on the gas sensing properties of SiC-based field effect transistors with catalytic gate and a buried short channel
has been studied. The drain current–voltage (Id–VD) characteristics of the device reveal non-saturation property, which is a consequence of the
short channel design. The drain current is larger in hydrogen ambient than in oxygen ambient at the same drain voltage. The threshold voltage
decreases with increasing positive gate bias, and increases with increasing negative gate bias. When a positive bias is applied to the gate, the
Id–VD characteristics reveal a tendency to saturate. A positive gate bias increases the drain voltage response to hydrogen, as compared with
a negative applied gate bias. However, a positive gate bias decreases the stability of the device signal. A change in the channel resistivity is
the main reason for the change in the electrical properties when a positive gate bias is applied. A physical model that explains the influence
of the gate bias has been studied, and the behavior of the barrier height in the channel was estimated by using the temperature dependence of
theId–VD characteristics.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Research into a field effect gas sensor device with a cat-
alytic metal gate started when Lundström et al. reported a
hydrogen gas sensor device based on a silicon-based field
effect transistor in 1975[1]. Since that time, much research
has been carried out, as reviewed in Ref.[2].

The generation of electron-hole pairs in the silicon-based
device increases as the temperature rises, and intrinsic semi-
conductor electric properties appear at about 250◦C. There-
fore, the device based on silicon cannot work at higher tem-
peratures[3].
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A gas sensor device based on silicon carbide, SiC, with
a band-gap of about 3–3.4 eV, has been developed in order
to realize a high-temperature gas sensor device. This work
started in 1992. For reviews see Refs.[4,5]. This gas sensor
device can be operated up to 700◦C. The sensor can detect
saturated hydrocarbons that decompose at higher tempera-
tures. Also, a very fast response time of a few milliseconds
has been achieved[6,7]. There are several groups who carry
out research on gas sensor Schottky devices or capacitors
based on SiC[4,5,8–12]. Also, catalytic metal insulator SiC
field effect transistor, MISiC-FET, gas sensor devices have
been developed in a co-operative effort between S-SENCE
at Linköping University and Acreo AB[4,5]. Several appli-
cations regarding combustion monitoring in exhaust and flue
gases have been demonstrated using this device[13–15].
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Two problems that now have to be solved by software in
order to realize long term operation in a harsh environment
are base-line drift and deterioration of the gas sensitivity.

Nakagomi et al. have studied the electrical properties of
the device regarding the influence of substrate bias on the
Id–VD characteristics[16,17]. It has been demonstrated that
a negative substrate bias could be used to control the base-line
of the sensor device and improve the response to hydrogen.
This provides a method for base-line and gas sensitivity con-
trol. Also, a physical model has been proposed by the use of
a modified SIT equation[18].

In this paper, the influence of gate bias is studied. The
current–voltage characteristics have been measured in hy-
drogen and oxygen ambients at several temperatures up to
600◦C. The gate bias dependence of the time resolved re-
sponse of the sensor is also shown. The physical model that
was used in Refs.[18,19]is applied, in order to estimate and
explain the behavior of the channel barrier between the source
and the drain.

2. Experimental

The sensor is based on a catalytic metal–insulator–silicon
carbide field effect transistor, MISiC-FET, with buried
source, drain and channel regions (seeFig. 1). These regions
are buried in order to improve the high-temperature perfor-
mance of the device. In effect, the MISiC-FET is a lateral
junction FET with a buried short channel.

The electronic transistor device has been designed and
processed by Acreo, while the catalytic metal electrode that
transforms the electronic device into a sensor device has been
developed and processed by S-SENCE at Linköping Univer-
sity. The source and drain regions were formed by the im-
plantation of nitrogen. The MOS gate was formed by the
deposition of a bi-layer of tantalum silicide and Pt on an in-
sulator of SiO2/Si3N4/SiOx film. Ohmic contacts to source,
drain and backside substrate were formed by Ni, which was
subsequently annealed and covered by a bi-layer of tantalum

Fig. 1. Structure of a MISiC-FET gas sensor device and wiring.

silicide and Pt.Fig. 1shows a schematic cross-section of the
structure and the wiring of the device in order to measure the
electrical properties. The sensor chip is mounted on a ceramic
heater on a 16 pin holder, together with a temperature sensor
(Pt-100 element). An air gap is maintained between the heater
and the holder, The holder was placed in an aluminum block
with a small cavity and 500 ppm H2 or 0.5% O2 with argon
as the carrier gas was passed at a flow rate of 100 ml/min.
Drain current–voltage (Id–VD) characteristics of the device
were measured at several values of gate bias using a Keithley
source measurement unit 236. Response curves while switch-
ing between ambient gases 4000 ppm H2/N2 and 0.5% O2/N2
in a gas-mixing system were recorded.

3. Results and discussion

3.1. Current–voltage characteristics

Fig. 2shows the dependence of theId–VD characteristics
on the gate bias in H2 and O2 ambients at 200 and 400◦C,
respectively. The gate bias is varied in 1 V steps between +4
and−4 V.

The drain current flowing in hydrogen ambient is higher
than that in oxygen ambient at a fixed gate voltage. The gas
response of the device is thus defined as the drain voltage
change, at fixed drain current and gate bias, when switching
between the gas ambients. The drain threshold voltage is seen
to increase as the gate bias becomes more negative, and vice
versa. This behavior makes it possible to control the baseline
of the sensor. TheId–VD characteristics at negative gate bias
show non-saturation properties. But at higher positive gate
biases, theId–VD characteristics do tend towards saturation.

The saturation property at positive gate biases only ap-
pears at temperatures above 100◦C. This indicates that the
drain current at positive gate biases becomes suppressed at
higher temperatures. This is due to the behavior of the channel
conductance as described later.

The drain current axis of theId–VD characteristics at
200◦C in Fig. 2 was changed to a logarithmic scale in or-
der to enlarge the low drain current region, seeFig. 3. In the
low drain voltage region, the drain current increases expo-
nentially with increasing drain voltage when a negative gate
bias is applied. With increasing positive gate bias, the drain
current in the low drain voltage region increases drastically.
This can be explained by the increasing positive gate bias
causing a lowering of the barrier height. The behavior of the
barrier height will be examined in the next section, through an
investigation into the temperature dependence of theId–VD
characteristics in the low drain voltage region.

The drain voltage difference,�V, between the H2 and O2
ambients at a constant drain current was calculated from the
Id–VD characteristics.Fig. 4shows the dependence of�Von
the drain current at several gate biases and a temperature of
200 and 400◦C as an example. The absolute value of�V is
less than 0.25 V over almost the whole drain current range at
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