Press Release

Energy-efficient power electronics — gallium oxide power transis-
tors with record values

Berlin, August 27, 2019

Powerful electronic components are indispensable for future communications, for the digital
transformation of society and for artificial intelligence applications. On a footprint as small as
possible, they should offer low energy consumption and achieve ever higher power densities,
thus working more efficiently. This is where conventional devices reach their limits. Scientists
all over the world are therefore investigating new materials and components that can meet
these requirements. The Ferdinand-Braun-Institut (FBH) has now achieved a breakthrough
with transistors based on gallium oxide (3-Ga,O3).

The newly developed B-Ga,0s;-MOSFETs (metal-oxide-semiconductor field-effect transistor)
provide a high breakdown voltage combined with high current conductivity. With a break-
down voltage of 1.8 kilovolts and a record power figure of merit of 155 megawatts per square
centimeter, they achieve unique performance figures close to the theoretical material limit of
gallium oxide. At the same time, the breakdown field strengths achieved are significantly
higher than those of established wide bandgap semiconductors such as silicon carbide or
gallium nitride.

Optimized layer structure and gate topology

In order to achieve these improvements, the FBH team tackled the layer structure and gate
topology. The basis was provided by substrates from the Leibniz Institute for Crystal Growth
with an optimized epitaxial layer structure. As a result, the defect density could be reduced
and electrical properties improved. This leads to lower on-state resistances. The gate is the
central ‘switching point’ of field effect transistors, controlled by the gate-source voltage. Its
topology has been further optimized, allowing to reduce high field strengths at the gate edge.
This in turn leads to higher breakdown voltages. The detailed results were published online
on August 26, 2019 in the |IEEE Electron Device Letters September issue. Direct access to

the paper p. 1503.

A press pictures is available here for download. All images are copyrighted.
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Background information —the FBH

The Ferdinand-Braun-Institut, Leibniz-Institut fuer Hoechstfrequenztechnik (FBH) researches electron-
ic and optical components, modules and systems based on compound semiconductors. These devic-
es are key enablers that address the needs of today’s society in fields like communications, energy,
health, and mobility. Specifically, FBH develops light sources from the visible to the ultra-violet spectral
range: high-power diode lasers with excellent beam quality, UV light sources and hybrid laser sys-
tems. Applications range from medical technology, high-precision metrology, and sensors to optical
communications in space and quantum technology. In the field of microwaves, FBH develops high-
efficiency multi-functional power amplifiers, and millimeter wave frontends targeting energy-efficient
mobile communications as well as car safety systems. The FBH has a strong international reputation
and ensures rapid transfer of technology by working closely with partners in industry and research.
The institute has a staff of 300 employees and a budget of 37.9 million euros. It is part of the For-
schungsverbund Berlin e.V., a member of the Leibniz Association and part of »Research Fab Microe-
lectronics Germany«.
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