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In this work a Pt/HfO2/SiO2/SiC MIS
capacitor is exposed in air at 400°C for 1000

hours, with its oxide capacitance, flatband

voltage and density of interface traps being

measured at various time intervals. After the

structure has been shown to operate reliably
for extensive periods of time at 400°C, the

C-V characteristics of a device from the

same fabrication batch are measured at
300°C in different concentrations of H2 and

examined for sensitivity. The results

demonstrate that gas sensitive MIS

capacitors incorporating high-ĸ dielectrics,

have the potential to operate at extreme

temperatures for long periods of time. This

makes them suitable for deployment in

hostile conditions, where regular servicing

may not be possible.

Abstract

Introduction
There is a considerable demand for

electronics capable of operating in

hazardous environments, for applications

such as nuclear waste monitoring, improved

regulation of exhaust fumes and space

exploration. However, technology based

upon silicon fails at temperatures around
180°C and the silicon to silicon bonds are

susceptible to radiation damage. A promising

alternative is silicon carbide (SiC), which for

the 4H polytype has a considerably wider

band gap of 3.24eV, enabling it to potentially
operate in temperatures of up to 1000°C [1].

Furthermore, the more stable silicon to

carbon bonds provide significantly enhanced

resilience to both radiation and corrosion.

The development of high-κ dielectric stacks

on SiC is an enabling technology for next

generation resilient electronics, including

MOSFETs and gas sensitive Metal-Insulator-

Semiconductor (MIS) capacitors. Previous

research has revealed that high-κ/SiC

interfaces have relatively small band offsets,

which create substantial leakage currents,

resulting in device failure. However, the

inclusion of a silicon dioxide (SiO2) layer at

the high-κ/SiC interface has been shown to

increase this band offset, whilst still retaining

high breakdown voltages [2]. This technique

has previously been used to fabricate MIS

capacitors with a Pd/TiO2/SiO2/SiC structure

that are sensitive to a variety of gases

including H2, O2 and H2S [3]. Whilst high-κ

based structures like these have been

shown to operate at extreme temperatures

for brief periods of time [4], little attention

has been given to their long-term stability

under these conditions.

This study examines the variation in oxide

properties of a Pt/HfO2/SiO2/SiC MIS
capacitor during exposure to 400°C in air,

over a 1000 hour test period. A device from

the same fabrication batch is exposed to
different concentrations of H2 in N2 at 300°C

and its C-V characteristics are examined for

sensitivity. The data shown reveals the

potential of high-ĸ dielectric based sensors,

to operate in extreme and isolated

conditions for extensive amounts of time

without the need for maintenance.

Conclusions
In this study both the lifetime at 400°C and

H2 sensitivity at 300°C of a Pt/HfO2/SiO2/SiC

MIS capacitor are examined. It has been

shown that during the initial hour of
exposure at 400°C, there are significant

changes in the VFB and COX of the device.

These have been likened with the previously

reported effects of an “activation process”,

during which annealing is used to stablise a

device both physically and electrically.

However, following this initial hour the

devices characteristics show only a gradual

change during the remainder of the 1000

hour test period. Further, gas ambient
testing at 300°C has revealed the structure

is also H2 sensitive, with the maximum

sensitivity being observed at VFB. These

results demonstrate the potential for SIC

based MIS capacitors to be used as H2

sensors in extreme temperatures for long

durations of time without a need for regular

maintenance.
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Figure 6: Sensitivity at flatband voltage 

vs. H2 concentration for the MIS 
capacitor exposed to 300°C

Figure 5: The C-V characteristics of a MIS 

capacitor exposed to different H2

concentrations at 300°C

Figure 4: DIT vs. position in bandgap (EC-ET) 
for the MIS capacitor exposed to 400°C

for different periods

Figure 2: Oxide capacitance vs. exposure time 
for the MIS capacitor exposed to 400°C

Figure 3: Flatband voltage vs. exposure time 
for the MIS capacitor exposed to 400°C
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Figure 1: The structure of a 

Pt/HfO2/SiO2/SiC MIS capacitor

A sample of research grade 4H-SiC with a

2µm thick Si-face epitaxial layer, with an N-

type doping density of 2.03x1016cm-3 was

purchased from CREE. After RCA cleaning,

the sample was placed in an oxidation
furnace at 1150°C, for 200 minutes in an

80SCCM flow of dry O2. This formed a

20nm thick SiO2 layer on the Si face. A Ni2Si

based Ohmic contact was then created on

the C-Face by sputter deposition of 5nm Ti

/100nm Ni and vacuum annealing for 200
seconds at 1050°C. The Ohmic contact was

then removed using wet chemical etching

and low power oxygen glow discharge,

before 60nm of Hf was sputter deposited

onto the SiO2. Using a rapid thermal

processor (RTP), the Hf was oxidised at
550°C in an O2 ambient for 3 minutes to

produce HfO2. Afterwards, catalytic gate

contacts of 5nm Ti/75nm Pt with an area of

4.91x10-4cm2 were sputtered onto the oxide

surface. Then annular rings of 5nm Cr/

185 nm Au were deposited using e-beam

lithography. Finally, the Ohmic contact was

replaced with a metallization stack of 5nm

Ti/60nm Ni/5nm Cr/60nm Au, following the

method outlined in [5]. A diagram of the

completed structure is given in Fig. 1.

To examine the high temperature reliability

of a capacitor, a Keithley 4200 parameter

analyser was used to record C-V and G-V

characteristics, before it was placed into a
furnace at 400°C. At selected intervals it

was taken from the furnace, characterised

at room temperature and then returned. This

process was continued until 1000 hours of

exposure had been achieved. In order to

study gas sensitivity, a capacitor was placed
within a vacuum chamber at 300°C. 2.5%

H2 in N2 and 100% N2 were then introduced

using mass flow controllers (MFCs), to form

H2 input flows of 0ppm, 600ppm, 1200ppm,

1700ppm and 2300ppm. At each of these H2

flows, the total chamber pressure was

maintained at 10 Torr and 1MHz C-V

responses were recorded using an Agilent

HP4284 LCR bridge.

Fig. 2 shows the oxide capacitance

(COX) of a Pt/HfO2/SiO2/SiC capacitor

as a function of exposure time at
400°C. The most significant change is

found within the first hour of exposure,

when COX reduces by approximately

8%. However, after this initial change

COX becomes more stable, reducing

by only 3% during the remainder of the

1000 hour test period. A similar trend

can also be seen in Fig. 3, which

shows flatband voltage (VFB) as a
function of exposure time at 400°C. A

The data in Fig. 4 shows the distribution of

interface states after different exposure times
at 400°C, which have been extracted from C-V

characteristics using the Terman method [7].

As exposure time increases, the data in Fig. 4

reveals that the density of interface traps (DIT)

across the range of energy levels considered

increases gradually. However, the shape of the

distribution remains almost constant, indicating
that 1000 hours of exposure to 400°C does

not introduce additional trapping states at the

SiO2/SiC interface.

The data in Fig. 5 shows the 1MHz C-V

characteristics of a MIS capacitor from the

same fabrication batch. Which have been

recorded for different hydrogen concentrations
at 300°C and with a chamber pressure of 10

significant increase in VFB from 1.3V to 3V is observed during the first hour, however afterwards

the observed shift is modest, changing from only 3V to 4V during the remainder of the 1000 hour

test period. These observations may be explained by the previously reported “Activation
Process”, in which annealing at 550°C causes diffusion within the device, creating interfacial

layers that physically stablise the device and limit further shifts in electrical characteristics [6].

Torr. It can be seen in Fig. 5 that as the quantity of H2 increases, the VFB of the device reduces,

demonstrating the capacitors sensitivity to H2. Further testing revealed the sensitivity peaks at

VFB, the value of which is shown in Fig.6 for each H2 concentration. It can be seen in Fig. 6 that

as the amount of H2 increases, the sensitivity does also. Although the change in response slows

for larger concentrations, it does not saturate and greater amounts of H2 should be detectable.


