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Electromobility

Faster charging with diamonds

Diamond is known for its outstanding thermal conductivity. This makes the
material ideal for cooling electronic components with high power densities,
such as those used in processors, semiconductor lasers or electric vehicles. Re-
searchers at Fraunhofer USA, an independent international affiliate of the
Fraunhofer-Gesellschaft, have succeeded in developing wafer-thin nanomem-
branes from synthetic diamonds that can be integrated into electronic compo-
nents, thereby reducing the local heat load by up to ten times. This helps to
improve the road performance and service life of electric cars and significantly
reduces battery charging time.

An increase in power density and the resulting higher heat dissipation in electronic
components require new materials. Diamond is known for its high thermal conductiv-
ity, which is four to five times higher than that of copper. For this reason, it is a particu-
larly interesting material when it comes to cooling power electronics in electric trans-
portation, photovoltaics or storage systems. Until now, heat sinks made of copper or
aluminum plates have increased the heat-emitting surface of components that produce
heat, thus preventing damage due to overheating. Scientists at Fraunhofer USA Inc.,
Center Midwest CMW in East Lansing in Michigan, an independent international affili-
ate of the Fraunhofer-Gesellschaft, have now developed nanomembranes from syn-
thetic diamonds that are thinner than a human hair. The flexible material can be inte-
grated directly into electronic components to cool the power electronics in electric vehi-
cles, which transfer traction energy from the battery to the electric motor and convert
the current from direct current to alternating current. The flexible, electrically insulating
nanomembranes developed by Fraunhofer USA have the potential to reduce the local
heat load of electronic components, such as current regulators in electric motors, by a
factor of ten. The energy efficiency, service life and road performance of electric cars
are improved significantly as a result. Another advantage is the fact that, when used in
the charging infrastructure, the diamond membranes contribute to charging speeds
that are five times higher.

Diamond membranes replace the insulating intermediate layer

Generally speaking, applying a copper layer underneath the component improves the
heat flow. However, there is an electrically insulating oxide or nitride layer between the
copper and the component, which has poor thermal conductivity. “We want to replace
this intermediate layer with our diamond nanomembrane, which is extremely effective
at transferring heat to the copper, as diamond can be processed into conductive
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paths,” says Dr. Matthias Muhle, head of the Diamond Technologies group at the
Fraunhofer USA Center Midwest CMW. “As our membrane is flexible and free-stand-
ing, it can be positioned anywhere on the component or the copper or integrated di-
rectly into the cooling circuit.”

Muhle and his team achieve this by growing the polycrystalline diamond nanomem-
brane on a separate silicon wafer, then detaching it, turning it over and etching away
the back of the diamond layer. This results in a free-standing, smooth diamond that
can be heated at a low temperature of 80 degrees Celsius and subsequently attached
to the component. “The heat treatment automatically bonds the micrometer-thick
membrane to the electronic component. The diamond is then no longer free-standing
but integrated into the system,” explains the researcher.

The nanomembrane can be produced on a wafer scale (4 inches and larger), making it
well suited for industrial applications. A patent has already been filed for the develop-
ment. Application tests with inverters and transformers in application fields such as
electric transportation and telecommunications are due to start this year.
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The Fraunhofer-Gesellschaft, based in Germany, is the world’s leading applied research organization. By prioritizing key technologies for the
future and commercializing its findings in business and industry, it plays a major role in the innovation process. A trailblazer and trendsetter in
innovative developments and research excellence, it is helping shape our society and our future. Founded in 1949, the Fraunhofer-Gesellschaft
currently operates 76 institutes and research units throughout Germany. Around 30,800 employees, predominantly scientists and engineers, work
with an annual research budget of roughly €3.0 billion, €2.6 billion of which is designated as contract research.
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