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Introduction

SiGe heterojunction bipolar transistors (HBT SiGe) technologies are of great importance for the 
semiconductor market to produce high speed devices :

! Low cost and mature Technology

! High RF performances ( Ft, Ftmax, current gain)

! Low noise

High frequency performance 
High current density

"High power effect : self heating 

" Modification of the electrical parameters ( IB↑) ��.VBE ↓�performances drop

Work Better understanding and Modeling electrical devices : HBT SiGe
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Modeling
Compact Models (Mextram, VBIC, HICUM) based 
on the equation [1]
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THERMAL Network

T(M,t) = Temperature [K]
λ(T(M,t)) = Heat conductivity [Wm-1K-1]
c = Heat capacity [Jkg-1K-1]
ρ = Density [kgm-3]
H = Heat source : intrinsic transistor (Joule heat of phonons, 
electrons and holes, recombination heat, Peltier Thomson heat �
Thermoelectric powers variation , radiation)
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[1] � G. K. Wachutka � �Rigorous thermodynamic treatment of heat generation and conduction  in semiconductor device 
modeling� � IEEE Transactions oncomputer Aided Design, Vol.9,N°11,November 1990
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Modeling
PeriodicityCompact Model

Bulk

CEB

Upper layers Yc

Xc

Bulk

CEBCEB

Experiment : Xc and Yc ↑ Real geometry  : Xc and Yc limited

RTH CTH SimulationModel validation
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Modeling

Schematic cross section  
of the HBT SiGe

Transistor representation 
Layer 1
Composite SiO2 metal homogenized
Layer 2
Deep trench and active transistor
Layer 3 Substrate

HomogenizationCompact Model
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Modeling

Transistor representation 
Layer 1
Composite SiO2 metal homogenized
Layer 2
Deep trench and active transistor
Layer 3 Substrate
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Modeling
Compact Model General resolution

3D Heat diffusion equation

Heat generated BC junction H Heaviside function

[ ][ ])()()()()(0 ee YyHyHXxHxHt −−−−= ϕϕ

Initial condition Boundaries conditions

Spatial periodicity
x=0,y=0;x=Xc,y=Yc

Analytical solution



Modeling

Analytical solutionCompact Model

Θel(M,t) 11

Inverse Fourier 
transform x and y
And average temperature

Laplace
+initial condition
+boundaries condition
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Integral Fourier Transform x
Integral Fourier Transform y

Inverse Laplace
transform (Stehfest
algorithme)
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Modeling
Compact Model
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Modeling
Compact Model Asymptotic behavior
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Modeling
Compact Model Volume source assumption
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Measurements verification

Five steps experimental verification

General measurement set up 
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Measurements verification
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Measurements verification
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Measurements verification

Transient
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Measurements verification

Thermogram �
Tj=f(t) Ae=6,56µm²

Compact Model

Measurements
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Measurements perspectives 

Comparison 
RC Network/Recursive Network

Thermogram �
Tj=f(t) Ae=5*3,16µm²



Conclusions

Self Heating at a glance
"Resolution of the heat equation in a real 3D HBT SiGe by a new 
dynamic model, with short calculations time

"Determination of the thermal network parameters ZTH (RTH and CTH) 
for standard self heating compact models

"Very good agreement with experimental results

"Simple thermal compact model to describe self heating 
phenomenon in electrical devices

Some perspectives

Simulation for smaller XC and YC – RTH CTH dependence of (XC , YC ) –
Coupling phenomena structure

"Developing the thermal model for  HBT SOI technology 

"Development of the equivalent recursive network
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