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Diamond semiconductors? Laser 
method achieves atomic-scale 
precision on surfaces 
A new laser technique provides atomic-
level control over diamond surfaces in a 
standard air environment – a feat typically 
only possible with large, complex vacuum 
equipment.  

The method, which also resulted in 
significantly increased diamond surface 
conductivity, is a critical step towards 
making diamond a viable material for 
semiconductors, in which its unique 
properties – such as high thermal 
conductivity and resistance to electrical 
breakdown – are conducive to enabling 
high-power, high-frequency electronic 
devices.  

“There is a large current effort to enable 
mass production of diamond semiconductor devices, particularly in the USA, 
through the development of large single-crystal wafers. Our process may 
ultimately be an important tool in wafer-scale volume production,” said 
Professor Rich Mildren from Macquarie University in Australia, where the 
research took place. 

Controlling light energy density incident on the sample 
Using a deep ultraviolet (266nm) laser operating with a nanosecond pulse 
duration, the team demonstrated how precisely delivered pulses of light can 
trigger localised chemical reactions on a diamond surface. The reaction, 
driven by a two-photon process, removes carbon atoms selectively from the 
top atomic layer. 

The team demonstrated how 
precisely delivered pulses of light 
can trigger localised chemical 
reactions on a diamond surface. 
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“A critical aspect is the control of the light energy density incident on the 
sample, which must be well below the threshold for ablation,” Mildren 
told Electro Optics. 

One of the most exciting findings was a dramatic increase in diamond surface 
conductivity – up to seven times higher – after laser treatment. This 
enhancement was independently confirmed by collaborators at MIT Lincoln 
Laboratory. 

"We were amazed that such a minor adjustment to the surface could yield 
such a substantial boost in conductivity," said Mildren. 

The laser technique is done in air, or in an oxygen environment, so no vacuum 
equipment is required.  
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 “Our technique doesn’t replace vacuum equipment in 
the sense that it does the same procedure. It is a 
complementary tool to plasma/electron beam/ion 
beam processing that features exquisite precision and 
is more straightforward to implement in the lab,” noted 
Mildren.  

“The laser interaction with the surface appears to be 
fundamentally different though – it provides an etch of 
the surface that yields an unexpected enhancement in 
conductivity. Also, the polaris ation of the laser beam 
produces directional (anisotropic) surface effects, a 
distinctive aspect compared to all other techniques.” 

The technique is not only precise but also fast. In 
current experiments, the laser removed 1% of a monolayer in 0.2 
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milliseconds. This makes it a promising candidate for large-scale industrial 
applications, such as wafer processing. 

“We’ve shown that the process is both rapid and scalable,” said lead 
researcher Dr Mojtaba Moshkani. “It’s a compelling option for industries 
requiring advanced material processing.” 

Working with industry: Characterisation tools and faster 
supply chains 
In order to move towards commercialisation, more characterisation and 
analysis needs to be carried out to better understand the details of the laser 
etch process, Mildren explained: “We don’t know how the laser is breaking the 
surface chemical bonds to induce the modifications, nor how the changes in 
surface structure enable it to be more conductive. There is some fascinating 
science yet to be done." 

This could be aided, Mildren added by a system that enables better 
characterisation of the etched surface, in-situ. “This would accelerate our 
studies and greatly advance the technique,” he said.  

“There are many optimisations to be made, not just laser dose, but the 
temperature, background gas, and sample orientation and many other 
parameters. One diagnostic we expect would be very helpful is electron 
diffraction analysis of the surface, which would reveal changes in the surface 
construction and symmetry as the laser etch proceeds.” 

The university currently works with photonics companies to source 
components, Mildren says, which is an “enjoyable part of the work.” However, 
he would like to see improvement in supply chains to enable faster 
turnarounds from ordering to dispatch.  

The research was recently published in Applied Surface Science. 
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