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Development of TaC substrates for AlGaN power
electronics

Performance of UWBG materials for vertical high-power, high-frequency electronics is characterized by the
Baliga FOM which is a measure of power handling, a cubic function of critical electric field. Further scaling
of power handling to 106x compared to the industry workhorse Si is limited by the availability of conduct-
ing lattice matched substrates. Conventional substrate materials that can be grown in bulk are either lattice
mismatched to the best-known active layers (e.g., A1203 is lattice mismatched for AlGaN), lack a good combi-
nation of electrical and thermal properties (e.g., Ga203), or are cost prohibitive (e.g., diamond). High electrical
and thermal conductivity of the substrate leads to improved device functionality and reliability with lower
electrical losses, higher switching frequencies, and more robust performance under extreme conditions. We
will discuss how the power handling of Al0.7Ga0.3N (001) devices on lattice matched TaC (111) with mea-
sured resistivity ~200XQKX « 10KQXX for SiC substrates could lead to 100X power handling compared to similar
GaN/SiC devices. We show rectification in lattice matched AlGaN/TaC Schottky diodes with measured critical
fields >4MV/cm higher than GaN/SiC. Use of TaC substrates could enable thick unstrained AlGaN drift layers
to be realized for high voltage devices >3kV and high current handling >10kA/cm*"2.

Academic or Professional Status

Postdoctoral Researcher / Research Scientist

Author: KENGNE, Astrid Dzotcha (Center for Research and Education in Microelectronics, Department of
Electrical and Computer Engineering, Morgan State University, Baltimore, MD 21251, United States)

Co-authors: RAIHAN, Ahamed (Center for Research and Education in Microelectronics, Department of Electri-
cal and Computer Engineering, Morgan State University, Baltimore, MD 21251, United States); Dr TELLEKAMP,
Brooks (National Laboratory of the Rockies); HARRISON, Daniel Joel (Center for Research and Education in
Microelectronics, Department of Electrical and Computer Engineering, Morgan State University, Baltimore, MD
21251, United States); SHIPRA, Fnu (Morgan State University); CHANDRASHEKHAR, MVS (Morgan State Uni-
versity); SPENCER, Michael G. (Center for Research and Education in Microelectronics, Department of Electrical
and Computer Engineering, Morgan State University, Baltimore, MD 21251, United States); Mr OLANIYI, Olayemi
(Morgan State University); KUSHWAHA, Satya (Department of Chemistry, The Johns Hopkins University, Balti-
more, MD 21218, USA); MCQUEEN, Tyrel M. (Department of Chemistry, The Johns Hopkins University, Baltimore,
MD 21218, USA)

Presenter: KENGNE, Astrid Dzotcha (Center for Research and Education in Microelectronics, Department of
Electrical and Computer Engineering, Morgan State University, Baltimore, MD 21251, United States)

Session Classification: Poster Session

Track Classification: Materials & Devices: Materials & Devices - (a)



