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CRITICAL ELECTRIC FIELD RECORD FOR 
GALLIUM OXIDE

Increasing the voltage and avoiding breakdown of materials used in power 

electronics remain a current challenge. The researchers broke a record for the 

critical electric field with a value of 13.2 MV/cm. This result has been selected as 

"News from Physics Institute" of CNRS.

  Electronic components that operate at very high power require the integration of 

semiconductor materials that can withstand very strong electric fields. The limit of use of 

a material in these components, above which electrical breakdown occurs, is determined 

by the critical electric field. The materials most able to withstand high voltages are the so-

called wide gap semiconductor materials (with a bandgap greater than 3 eV), such as 

SiC and GaN. In principle, "ultra wide gap" semiconductors will allow to go further: this is 

the case of diamond which has a critical electric field of 10 MV/cm, and gallium oxide -

Ga2O3, which is particularly promising with a critical field estimated at 8 MV/cm. Ga2O3, 

contrary to diamond, is already manufactured on large surfaces adapted to industrial 

criteria (up to 6 inches). Beyond the gap intrinsic to the material, other external factors 
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such as residual impurities or defects and controlled doping are decisive for the value of 

the critical electric field. Controlled doping as material engineering has been exploited by 

researchers from the Groupe d'Etude de la Matière Condensée (GEMaC, CNRS/Univ. 

Versailles St-Quentin, Univ. Paris Saclay) and the Institut d'Electronique, de 

Microélectronique et de Nanotechnologie (IEMN, CNRS/Univ. Lille/Univ. Polytechnique 

Hauts-de-France/Centrale Lille) in an international collaboration with Tbilisi State 

University (TSU) and Catalan Institute of Nanoscience and Nanotechnology (ICN2).

   First, the researchers synthesized the material in the form of a thin film of -Ga2O3 on 

silicon by the technique of metalorganic chemical vapor deposition (MOCVD) and 

realized a simple device allowing the measurement of the breakdown voltage (figure). A 

critical field value of 6 MV/cm was measured, in accordance with previous studies. 

Guided by a thermodynamic theoretical analysis of point defects demonstrating the 

amphoteric character of the zinc dopant in -Ga2O3 (i.e. its properties as both electron 

donor and acceptor), the researchers have very slightly doped (0.5%) the Ga2O3 films 

with zinc. On the same device, a record critical electric field of 13.2 MV/cm is then 

measured, beyond the direct interpolation of 8 MV/cm predicted solely on the basis of the 

electron gap value (4.8 eV). The interpretation is developed here by a microscopic 

theory, the kinetic theory of ionization by impact, which, applied to the amphoteric 

character of Zn, demonstrates the reduction of the mean free path of free charge carriers, 

at the same time as the decrease in their concentration. These two factors jointly 

contribute to the increase of the critical electric field. This study clearly confirms the 

advantages that possesses gallium oxide for very high voltage power electronics and is 

published in the journal .Materials Today Physics
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Figure. (top left) Device allowing the measurement of the electric field withstand by the

zinc-doped Ga2O3 film.

(bottom) Examples of semiconductor materials with large and ultra large gaps, with their

critical electric field values (in MW/cm). The red bars represent the values measured in

this work for Ga2O3, with the record value of 13.2 MW/cm in the case of zinc doping, the

white bar illustrating the value that was expected.
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