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SUMMARY

UCLA researchers in the Department of Materials Science and Engineering have developed a nanofabrication method for improving the

thermal properties of polycrystalline diamond films grown by chemical vapor deposition.

BACKGROUND

Synthetic polycrystalline diamond grown by chemical vapor deposition (CVD) is used to thermally manage high power electronic components,
which improves the performance and reliability of such components. Single crystals of diamond have the highest known thermal conductivity
of any material, but their high cost limits their practical application in thermal management. Polycrystalline diamond plates can be grown in
large areas, and thick (> 100 um) plates can achieve thermal conductivities approaching that of single crystal diamond. However, these
polycrystalline diamond films have lower thermal conductivities due to grain size and ‘texture’ or orientation of the grains. Therefore, there is

substantial interest in improving the thermal conductivity of thin (< 10 um) diamond films for integration into high power electronics devices.

INNOVATION

UCLA researchers have developed a technique for growing polycrystalline diamond films with improved thermal properties. This innovation
manipulates the diamond grain growth on the nano-scale by introducing a patterned substrate, which induces a particular orientation during
growth. This texturing during growth enhances the diamond film’s thermal conductivity. The nanopatterned films have approximately 30%
higher thermal conductivity and as much as 44% decrease in thermal resistance. Moreover, the substrate for growing diamond films need not
be silicon and should work on arbitrary substrates with nanopatterned features. The fabrication methods are also compatible with commercially

available fabrication techniques.

APPLICATIONS

Thermal management in high power electronics (inverters, transformers, etc.)
Heat sinks
Electronic materials integration

Integrated circuits

ADVANTAGES

~30% higher thermal conductivity
As much as 44% decrease in thermal resistance
Can be applied to other substrates and surfaces with nanopatterned features

Compatible with commercially available fabrication techniques
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