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| ntroduction

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

B Low cost and mature Technology
B High RF performances ( Ft, Ftmax, current gain)

B [ow noise

) High frequency performance
High current density

»High power effect : self heating

» Modification of the electrical parameters ( Iz1) ....... VigE |...performances drop
Work Better understanding and Modeling electrical devices : HBT SiGe
ﬁ g g
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Modeling
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Compact Models (Mextram, VBIC, HICUM) based

on the equation [1]

o aT(al\t/l D v (AT M, H)VT(M, 1)+ H

T(M,t) = Temperature [K]

MT(M,t)) = Heat conductivity [Wm'K1]

¢ = Heat capacity [Jkg'K1]

p = Density [kgm™]

H = Heat source : intrinsic transistor (Joule heat of phonons,
electrons and holes, recombination heat, Peltier Thomson heat —
Thermoelectric powers variation , radiation)

Thermal network sub circuit

Ry Gy a—tj =—(T; = Tamp) + Rrn Fais (D

Pais(t) = 1 (1) x Ve (D)

Analytical solution

—1
T = Tam) = Rey By 1 —exp(5—=—
(T ~Tamy) = Ry ep(Rr )

H “~TH

v
[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



Modeling

Compact Model Periodicity
Upper layers Y, i
/ X,

Bulk Bulk
Experiment : X_ and Y 1 Real geometry : X and Y, limited
Model validation Roy Cry Simulation
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Modeling

Compact Mod€ Homogenization |
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Transistor representation

Schematic cross section Layer 1
of the HBT SiGe w

Composite Si0, metal homogenized
Layer 2

Deep trench and active transistor
Layer 3 Substrate
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Modeling

Compact Model e,~9,55um e, =5um e, =300pm
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Modeling

Compact Mode€ General resolution




Modeling

Compact Mode ) . Analytical solution
aplace
+1initial condition
O,(M,1) +boundaries condition m

Integral Fourier Transform x
Integral Fourier Transform y

<®e| (Xa Y, Zat)>

Inverse Laplace i
transform (Stehfest =
. algorithme)
Inverse Fourier . —
transform x and y ~
And average temperature ®e| (an > ﬂ m» Z, p)

i :: uadruples formalism
ZTH (analgma Z) p) |:||:|Q P
—

Asymptotic value Rpy, Cry



Modeling

Compact Mode€

BE junction BC junction H
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Modeling

Compact Mode€

Asymptotic thermal resistance

Asymptotic thermal capacitance

Asymptotic behavior

— B —
Om = (Ah] _Z_mjzo Yo

1

Ly (P) = (An _%]ZO

Z,

L1y (P — O) —> Ry

Ly (P — ) = Cyy
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Modeling

Compact Mode€

|pper composite layer

Volume sour ce assumption

BE junction

Substrate

1/h [

C = h((pC)yy»Enm S

Asymptotic thermal resistance

Asymptotic thermal capacitance
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M easur ements verification

Five steps experimental verification
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M easur ements verification
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M easur ements verification
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M easur ements verification
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M easur ements verification

M easurements
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M easur ements per spectives

Comparison
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Conclusions

Self Heating at a glance

»Resolution of the heat equation in areal 3D HBT SiGe by a new
dynamic model, with short calculations time

»Determination of the thermal network parameters Z;, (R and C+)
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 X and Y. - R, C;, dependence of (X, Y¢ ) —
Coupling phenomena structure

»Developing the thermal model for HBT SOI technology

»Development of the equivalent recursive network

Sulima Pierre-Yvan



BORDEAUX 1

Thanksfor your attention

5% European HICUM Workshop
STMicroelectronics Crolles, France June 6-7, 2005

Sulima Pierre-Yvan




