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Figure 1 - Schematic of the Colpitts Oscillator Circuit

Figure 3 - Capacitance of a AlN capacitor and a SiC 
Schottky diode with temperature

Figure 4 - Capacitance of a SiC Schottky diode with varying 
temperature and reverse voltage bias

Figure 6 - Frequency spectrum of the oscillator across 
temperature range at Vmod = 0.

Figure 5 - Variation in oscillator frequency with applied Vmod 
over temperature range
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Figure 2 - Leakage Characteristics of Hafnium (300K) and 
AlN (600K) MIM capacitors

The module was supplied with 18V at the point marked V in figure 1, and continued to operate at 
temperatures up to 300ºC with no required change to the bias conditions. Direct frequency 
modulation of the oscillator was achieved by applying a modulating voltage to Vmod in the 
schematic.  Figure 3 shows the frequency shift of the oscillator with increasing temperature and no 
external voltage modulating signal applied. The data shows that with an increase in temperature 
both the frequency and the amplitude of the RF signal decrease. 

The frequency shift is caused primarily by two factors the increase of capacitance density of the 
AlN capacitors which is similar to the effects seen in [10, 11]. The data in Figure 4 shows the 
linearly increasing capacitance of a typical AlN capacitor, with the capacitance of the unbiased 
Schottky diode. Measurements indicate that the capacitance of both devices increase with 
temperature resulting in the observed decrease in resonant frequency of the LC tank.  The 
observed decrease in amplitude is due to the increase in resistance of the JFET channel with 
temperature, coupled with an increase in the parasitic resistance of the tracks and silver epoxy 
used to fabricate the module.

Figure 5 shows the capacitance of the Schottky diode as a function of reverse bias at different 
temperatures. It can be seen that the device capacitance can be reduced by approximately 50% 
with the application of two volts, over the entire temperature range investigated. The data in figure 
6 shows the dependence of the oscillator frequency the external voltage applied to Vmod for the 
temperature range studied. It can be seen from the data that at all temperatures it is possible to 
vary the frequency by a similar fraction. 

Fig. 1 is a schematic of the experimental 
circuit. The Colpitts design was chosen due 
to its high frequency stability in comparison 
to other oscillators. This stability arises 
f rom the feedback f rom the sp l i t 
capacitance in parallel with the junctions of 
the JFET, thus minimizing the effect of 
shifts in CGS and CDS. Neglecting the 
effects of junction and stray capacitance on 
the frequency of the oscillation, the addition 
of a reverse biased silicon carbide Schottky 
diode acting as a varactor effectively places 
two capacitors in series. The depletion 
width of the diode can be increased by the 
application of an external bias to the Vmod 
port. This decreases the capacitance of the 
diode altering the LC tank of the oscillator 
reducing the over all capacitance and 
hence increasing the resonant frequency.
Capacitors C1 and C2 are 300nm AlN MIM 
capacitors, similar in structure to HfO2 
capacitors which have been demonstrated 
to function at temperatures beyond 600ºC 
and in radiation fields in excess of 1Mrad 
[7]. The increased thickness of the AlN 
dielectric resulted in a substantially reduced 
leakage current at elevated temperatures. 
A comparison of the leakage current of the 
two different devices is shown in fig 2. 
The silicon carbide JFET and Schottky 
diode structures used in this work were 
fabricated using processes outlined 
previously [8, 9]. The devices were tested 
for their thermal stability and to enable 
identification of suitable threshold voltage 
and on state resistance using a Keithley 
4200 parameter analyzer prior to assembly 
into the hybrid module. 
The hybrid module circuit board was 
fabricated on an Aluminium oxide ceramic 
substrate, using a titanium seed layer of 
approximately 10nm thickness was 
deposited before the circuit layout was 
patterned utilising standard lithography 
techniques. A spiral inductor was designed 
to have a value of approximately 1.25µH 
which was patterned directly to the 
substrate.
The substrate was then electroplated with 
gold to form tracks with a thickness of 
approximately 10um to reduce track 
resistance. 
The hybrid module was placed inside of a 
Carbolite oven with electronic temperature 
control and the oscillatorʼs frequency 
spectrum was measured using an Agilent 
spectrum analyser, which was coupled to 
the RF output of the circuit under test. 

"

Within both research and industr ia l 
applications, there is an increasing drive to 
monitor ever more hostile environments. 
Silicon carbide boasts superior physical 
properties in comparison to silicon, allowing 
dev ices and c i r cu i t s to opera te a t 
temperatures of 500ºC [1]. 

Numerous examples of sensors and more 
recently monolithic amplifier ICʼs reported in 
the literature give indications that complete 
sensor modules capable of deployment in 
hostile environments will soon be available [2, 
3].

Measurements taken using these sensor 
modules must be transmitted to a more 
hospitable environment for further analysis 
and in some applications, the most sensible 
choice is wireless connectivity. 

High temperature amplitude modulation [4] 
has been previously demonstrated, however 
frequency modulation is less prone to 
interference issues, which could become 
problematic whilst monitoring hosti le 
environments. In order to realize the potential 
of sensing in these environments, wireless 
sensor modules will be a key enabling 
technology. Based on reports in the literature, 
solutions are required for energy harvesting 
and radio communications technologies 
which are capable of operation in these 
environments.
 
Whilst previous work in the literature has 
demonstrated oscillators [5, 6] this is the first 
example of a direct frequency modulated 
silicon carbide oscillator providing an example 
of oscillator frequency control within a high 
temperature environment.

We report on the di rect f requency 
modulation of a RF Colpitts oscillator, 
realised from silicon carbide devices and 
proprietary components, capable of 
transmitting sensor data whilst operating at 
300ºC. 

Utilizing a reversed biased Schottky diode 
as a varactor in an LC oscillator, it is 
possible to modulate the frequency of an RF 
carrier by applying external voltage signals. 

These experiments have shown that a 10V 
bias will increase the frequency by as much 
as 10%, however signals as low as 10mV 
are easily detectable with standard silicon 
receivers.

We have demonstrated direct frequency 
modulation by means of a silicon carbide 
Colpitts oscillator, with a view that the circuit 
is suitable for integration into a wireless 
sensor module for deployment in hostile 
environments. Without altering the voltage of 
the power supply of the circuit operation at 
temperatures up to 300ºC. Over the entire 
temperature range investigated it is possible 
to directly alter the frequency of oscillations, 
through the use of a Schottky diode as a 
varactor. 
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