This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed
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Introduction and Motivation Self-Heating (SH) Effects for Constant Base-Emitter Voltage (V)
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¢ InGaP/GaAs heterojunction bipolar transistors (HBTs) are widely
used in mobile and space applications
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** Physics of electrothermal effects in 1lI-V HBTs is not well
understood because existing HBT compact models do not work

well for modeling self-heating and breakdown effects
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* This work presents a deep dive into self-heating and impact
ionization effects in InGaP/GaAs HBTs via TCAD simulations,
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Modeling Approach = Fly-back occurs at low Vg, o0 |
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Simulations were done using Charon, a 2D/3D MPI-parallel TCAD " Similar fly-back observed by others!? 800 |
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" | converged at high temp. due to
nole back injection as in the constant
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device simulator developed at Sandia
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heating simulation @ (cubit.sandia.gov) * Fly-back never occurs for constant I |
» Temperature dependent material " "1 15 20 25 30
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. S Charon output competing processes of thermal Temperature profile at the peak current (@)
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t S [/ _ A strong injection obscures thermal
unneting at heterojunction ParaView (charon.sandia.gov) generation, so NO fly-back!l. 522
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substrate thickness and GaAs thermal conductivity " |l induced fly-back is due to avalanche * Multiple fly-backs occur when the Il
generation (thermal gen. in the SH case) critical field is reduced by 25% (blue)
" Fly-backs occur at much higher voltages * Device fails due to SH well before the Il
Results and Discussions induced fly-back occurs
Self-Heating (SH) Effects for Constant Base Current (l;) Conclusions
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Blue: temp. dep. removed from the base-
to-emitter hole back injection
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At low Vg, I. shows a power-law temp.
dep. - mobility reduction dominates
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