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Figure 2 - Variation in maximum output and fill factor with 
temperature for a pre stress device

This hypothesis is supported by the data in figure 4, which shows an increase in both series 
resistance and ideality factor. Increase in these properties has a detrimental effect on fill factor as 
they reduce the devices ability to output the electrical power it generated. The link between series 
resistance and fill factor is highlighted by the data in figure 5.

The SEM images in figure 6 show the gold wire-bonding pad on a diode top contact before and 
after stressing at 450 °C in air. Is it clear that post stressing the metal shows signs of degradation, 
with small cracks and other visual defects on the surface. The top contact is a Ti/Al/Ti stack with a 
thick surround of Cr/Au to act as a bonding pad.

There are shrub like structures in the post SEM image which is evidence of the gold aluminum 
intermetallic referred to as purple plague. This compound leads to an increased series resistance 
and is mechanically brittle, which can make the device difficult to wire bond. The SIMS data 
analysis in figure 7 shows not only a broadening of the aluminium peak but also a significant 
increase in oxygen concentration at and etch time of 800 seconds. 

This initially links to the titanium peak and indicates that the titanium has oxidised in addition to the aluminium. The aluminium peak has broadened and the data shows that is has diffused into the 
gold layer at the surface. Given the importance of reverse saturation current on solar cell operation it is important to determine how this changes during the thermal stress. Data in figure 7 shows this 
variation and highlights a significant increase in reverse leakage.

Figure 8 - Change in reverse saturation leakage during 
stress testing

SiC pin diodes were fabricated with a large, 
lightly doped, n epitaxial drift region to 
maximize the depletion width and maximize 
the potential photovoltaic response. 
Photovo l ta ic charac te r iza t ion was 
conducted under illumination from a from a 
XE-175 5600K UV extended light source, 
the results of which are shown by the data 
in figure 1. 

The data shows a short circuit current, Isc, 
of 60 μAcm-2 and the open circuit voltage, 
Voc, of 2.21 V with a peak power output of 
100 μWcm-2. The increase in Isc is greater 
than the decrease in Voc and as such an 
overall increase in power output is 
observed, as shown by the data in figure 2.

The variation in fill factor with respect to 
temperature is also shown to be minimal 
and shows that the device is not 
detrimentally affected by series resistance 
or ideality. The devices were exposed to a 
700 hour, 450 °C thermal soak during 
which they were periodically characterized. 
The only photovoltaic property to change 
during the first 700 hours of stressing was 
the fill factor, as shown in figure 3, which 
decreased by 13.7 %. 

This decrease in fill factor indicates that the 
device is degrading structurally and 
becoming more affected by non-idealities. 
"

S i l i c o n c a r b i d e i s o n t h e c u s p o f 
revolutionizing the power electronics industry, 
from electric cars to high voltage inverters, its 
wide band gap and excellent thermal 
properties allow it to run hotter, be smaller 
and at higher voltages than conventional 
semiconductors [1]. What silicon carbide can 
offer to signal level electronics however has 
only recently become evident in the form of 
resilient wireless sensor nodes for use in 
hostile environments. Its wide band gap, 
chemical and mechanical resilience [2] and 
radiation tolerance [3] allow electronic 
devices fabricated from silicon carbide to 
provide electrical analysis and sensing of 
environments previously considered too 
extreme.

" Although operation in such hostile 
environments has been documented in the 
literature [1,4], one area that remains largely 
unaddressed is that of a resilient power 
supply which can operate alongside the 
silicon carbide and supporting passive 
technologies. High temperature battery 
technology is not suitable due to its large 
size, and running power lines to a sensing 
system is often impractical and poses 
unnecessary risk to maintenance personnel. 
Given this, there is a clear need, and desire, 
to develop resilient energy harvesting 
technologies that can support and power 
electronics deployed in these resilient 
environments. 

Previous work has shown silicon carbide UV 
photovoltaics to be effect effective energy 
harvesters at elevated temperatures [5,6] 
however they have so far only considered for 
short term temperature elevation. It has been 
shown that silicon carbide can survive at 400 
°C for extended periods [7] and remain 
electrical and mechanically operational, 
however what has not been conducted is a 
study into the long term resilience of the 
device metalisation and overall long term 
temperature effects on devices such as 
these.

Recent progress in the field of silicon 
carbide sensor technology, such as wireless 
commun ica t ions and sensors , has 
demonstrated the need for a resilient energy 
supply as an alternative to conventional 
batteries. Previous work has shown that 
silicon carbide is an effective energy 
harvester of UV light in high temperature 
and hostile environments. Until now 
however, there has been little work 
undertaken to assess the long-term effects 
of elevated temperature on such devices. 
Although it is understood that silicon carbide 
is unaffected by long-term temperature 
exposure below 400 °C, there has been little 
research into the overall device response 
and how changes in contact metallisation 
affect the photovoltaic behavior.

It has been shown that silicon carbide is 
capable of operating as an effective UV 
energy harvester up to 300 °C. The power 
produced exhibits a positive temperature 
coefficient and a stable fill factor, indicating 
that the device is not overly affected by 
variations in series resistance and ideality 
factor. The devices showed a reasonable 
resilience to long term temperature exposure 
with catastrophic device failure occurring 
between 610 and 700 hours at 450 °C in air. 
The device likely fails due to a change in the 
contact stack, whereby the aluminium 
diffuses into the surrounding material and 
both the titanium and the aluminium oxidized 
resulting in increased contact resistance. 
This is supported by both experimental IV 
characterization, indicating an increase 
series resistance, and also SIMs analysis 
showing significant movement of metals in 
the contact stack. Overall, silicon carbide 
could be used as a stable and predictable 
energy harvester in an extreme UV rich 
environment however the contact metals 
used would need to be changed for an 
alternative composition which does not react 
with elevated temperatures as low as the 
ones in this study.
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