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Abstract: Despite otherwise advantageous properties, the performance and reliability of devices manufactured in 3-Ga203 on

semi-insulating Ga20Os substrates may degrade because of poorly mitigated self-heating, which results from the low thermal

conductivity of Ga203 substrates. In this work, we investigate and compare self-heating and device performance of f-Gax03

MESFETs on substrates of semi-insulating Ga203 and 4H-SiC. Electron mobility in B-Ga20s is negatively affected by increasing

lattice temperature, which consequently also negatively influences device conductance. The superior thermal conductivity of

4H-SiC substrates resulted in reduced 3-Ga2Os lattice temperatures and, thus, mitigates MESFET drain current degradation. This,

in turn, allows practically reduced device dimensions without deteriorating the performance and improved device reliability.
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Fig. 1. A schematic cross section of the simulated 3-GaO; MESFET device

with (a) homostructure [device (A)] and (b) heterostructure [device (B)].
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Fig. 2. Output characteristics obtained from TCAD for (a) device (A)
and (b) device (B).

Table 2. Simulation parameters for the MESFET structure.

Parameters B-Gax03 4H-SiC
Table 1. Parameters of the structure for MESFET.
Bandgap energy (eV) 4.8 3.26
Parameters Value Description
Electron affinity (K+J/mol) 4.0 4.05
La 4 pm Gate length
Ny 3.27x10" c¢m Channel doping Permittivity (V/m) 10 9.66
Lsc 8 um Source to gate spacing Substrate mobility (cm2/V-s) 20 460
Lep 8 um Gate to drain spacing -
; Channel mobility (cm?/Vs) 118 -
Ten 300 nm Channel thickness
Tsubstrate 300 um Substrate thickness Thermal conductivity (W/em*K) 0.13 33
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Fig. 3. Output characteristics obtained from TCAD compact model for (a) device (A), and (b) device (B) compared with w/ self-heating effect
and w/o self-heating effect. (c) Comparison of Ips with self-heating effect on the FETs.
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