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Fig. 1. Various types of interfacial defects in GaN: (a) Interfacial amorphous layer”; (b) atoms dislocation®; (c) strainl™); (d) voidsl’.
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Fig. 2. Study methods for interface thermal transport: (a) AMM and DMM models; (b) phonon wave packet method; (c) atomic

Green’s function method; (d) molecular dynamics method.
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Fig. 3. Experimental measured methods for thermal boundary conductance: (a) Time-domain thermo-reflectance method; (b) MoS,/

SiO, thermal boundary conductance measured by Raman method!*7.
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Fig. 4. (a) Measured interfacial thermal resistance for GaN/diamond, GaN/AIN/diamond, and GaN/SiN/diamond interfaces by the
time-domain thermo-reflectance techniquel”; (b) high-resolution TEM image for GaN/SiN/diamond interfacel; (c) interfacial

thermal conductance between GaN and SiC with epitaxial or non-epitaxial AIN interlayer as a function of AIN thickness. The

dashed line refers to the non-epitaxial interface that with no interlayerP; (d) comparison of vibrational density of states of
GaN/SiC interface with 1 unit cell non-epitaxial AIN interlayer (solid lines) and bare (dotted lines) GaN/SiC interfacel™.
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Fig. 5. (a) Graphical GaN/diamond heterostructure with a graphene interlayer as well the vibrational density of states in GaN,

where the red arrow refers to the excited phonon mode by graphene interlayer(®l; (b) thermal boundary conductance for Si/Al inter-

face with various lengths and intervals of nanopillars, where the dotted lines are predicted by the theoretical model and the solid

line refers to the planar interfacel®!.
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Fig. 6. (a) Structure of GaN/SiC interface with isotope doping, and the calculated thermal boundary conductance with different

doping concentrations!®; (b) structure of GaN/SiC interface with light atoms doping, and the calculated thermal boundary con-

ductance with different doping concentrations (f) and doping lengths (L)67.
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compositional diffusion layer as a function of timel™); (c) thermal boundary conductance of GaN/AIN with different interface mor-

phologies('!}; (d) interface morphologies of GaN/SiC with and without annealing treatment!®.
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SPECIAL TOPIC—Modification of material properties by defects and dopants

Interface engineering moderated interfacial thermal
conductance of GaN-based heterointerfaces”

Wang Quan-Jie# Deng Yu-Ge# Wang Ren-Zong  Liu Xiang-Junf
(State Key Laboratory for Modification of Chemical Fibers and Polymer Materials, Institute of Micro/Nano Electromechanical System,
College of Mechanical Engineering, Donghua University, Shanghai 201600, China)

( Received 16 May 2023; revised manuscript received 21 July 2023 )

Abstract

Gallium nitride (GaN) has great potential applications in the field of high-frequency and high-power
electronic devices because of its excellent material properties such as wide band gap, high electron mobility,
high breakdown field strength. However, the high power GaN electronic device also exhibits significant self-
heating effects in operation, such as a large amount of Joule heat localized in the thermal channel, and heat
dissipation has become a bottleneck in its applications. The interface thermal conductance (ITC) between GaN
and its substrate is the key to determining the thermal dissipation. In this work the various GaN interface
defects and their effects on ITC are first discussed, and then some methods of studying interface thermal
transport are introduced, including theoretical analysis and experimental measurements. Then, some GaN ITC
optimization strategies developed in recent years are introduced through comparing the specific cases. In
addition to the common chemical bond interface, the weak coupling interface by van der Waals bond is also
discussed. Finally, a summary for this review is presented. We hope that this review can provide valuable

reference for actually designing GaN devices.
Keywords: GaN, interface defects, interfacial thermal conductance, phonon transport
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