Heat transfer is the process of heat moving from a high-temperature object to a low-temperature object. Heat transfer is an important part of most scientific disciplines and engineering, since various natural and manmade processes generate heat, which transfers from hotter to colder locations. Heat transfer can affect various engineering applications. For example, if an engineer designs a device with a part that holds a high temperature, the engineer must also consider that surrounding parts might be affected by the heat, as heat transfers to these nearby objects. Complex mathematical equations help experts predict how heat transfer occurs. 

Read more: Finite Difference Method in Heat Transfer | eHow.com http://www.ehow.com/info_12182807_finite-difference-method-heat-transfer.html#ixzz2PfnkiOvh

Transistor
Perte par conduction Pc = Rdson * ID²
Perte par commutation Ps = ½ * VDS *ID*(tr+tf) * F
multilayer metal interconnect

electrothermal simulation tool
http://www2.ece.ohio-state.edu/~roblin/lsna/mtt05slides.pdf   page 19
https://ece.uwaterloo.ca/~cdr/pubs/Arman_PhD_thesis.pdf    140
Thermal and Power Management of Integrated Circuits
DVS  = dynamic voltage scaling

electrothermal simulation
High temperature gradient on the die surface
l'équation de la chaleur est une équation aux dérivées partielles parabolique, introduite initialement en 1811 par Fourier pour décrire le phénomène physique de conduction thermique
La conduction thermique (ou diffusion thermique) est un mode de transfert thermique provoqué par une différence de température entre deux régions d'un même milieu, ou entre deux milieux en contact, et se réalisant sans déplacement global de matière
On appelle fonction de Green en physique ce que les mathématiciens appellent solution élémentaire ou fondamentale d'une équation différentielle linéaire à coefficients constants, ou d'une équation aux dérivées partielles linéaire à coefficients constants.
Heat Transfer: Lessons With Examples Solved by Matlab

heat transfer in electrical engineering
Time dependent Green function of a rectangular heat source
Transient Heat Conduction

TherMos3, a tool for 3D electrothermal simulation of Smart Power Mosfets

Cooling of Power Switching Semiconductor Devices
http://www.gradient-da.com/company/about.php
calculates the temperature rise in a 3-D infinite region

Les fonctions de Green constituent une méthode assez général de
résolution d'équations différentielles, ou de transformation d'équations différentielles en équations intégrales.

On appelle fonction de Green en physique ce que les mathématiciens appellent solution élémentaire ou fondamentale d'une équation différentielle linéaire à coefficients constants, ou d'une équation aux dérivées partielles linéaire à coefficients constants.
Ces « fonctions » de Green, qui se trouvent être le plus souvent des distributions, ont été introduites par George Green en 1828
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heat distribution over a steel plate as a surface plot
Thermal Analysis of a PCB Assembly

http://chipdesignmag.com/display.php?articleId=2171

green's function  transient  heat diffusion in a plate
Temperature distribution in the plane of the transistor junctions
Thermal transients at silicon-level
Based on analytical equations = solution of the heat diffusion
equation for a homogeneous rectangular power source.
Solution for Green's Function to Transient Temperature Equation for Rectangle
Springer Fundamentals of Scientific Computing

heat distribution  over steel plate
Numerical Methods, Algorithms and Tools in C#

A Numerical Library in C for Scientists and Engineers
C++ for Mathematicians: An Introduction for Students and Professionals 

http://uploaded.net/file/j2z92ddn/e-0824753879.pdf
http://rapidgator.net/file/7661930/0849374790.pdf.html

Mathematical and Computer Programming Techniques for Computer Graphics
practical computer analysis of switch mode power supplies
Green's Function and Boundary Elements of Multifield Materials

Donald Pitts, "Schaum's Outline of Heat Transfer

Matlab, Simulink, Stateflow: avec des exercices d'automatique résolus
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Green’s function solution for transient heat conduction
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Numerical calculation of Green functions
Numerical Green’s function for a two-dimensional diffusion equation
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Temperature distribution in the plane of the transistor junctions
Application of Green’s functions for analysis of transient thermal states in electronic circuits

[image: ]

[image: ]
[image: ]
Numerical
Methods in Heat Transfer
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Time dependent Green function of a rectangular heat source
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4. ECHANGES THERMIQUES

La puissance dissipable dans les transistors pouvant étre élevée, des problémes de dissipation
thermique se posent.

4.1 Résistance, conductance thermiques

La puissance P dissipée dans le milieu ambiant s'exprime en fonction de la température ambiante 65
et de celle de jonction 8;par la relation

P =\.( - 6a)

ol A représente la conductance thermique du transistor (W/K ou W/<C), inverse de la résistance
thermique Rt (T/W)

4.2 Equilibre thermique

Il'y a équilibre thermique lorsque la puissance électrique Prq est égale & la puissance dissipée dans le
milieu ambiant, donc

8,-6,

RT‘E

Rna est la résistance thermique jonction-milieu ambiant du transistor.
Pour un transistor au silicium la température de jonction maximale varie entre 150 T et 200 T

Pri=A.(6-6a) =

Exemple :la résistance thermique du transistor 2N 3053, en boitier TO 39, vaut 175 T/W.
Quelle est la puissance maximale dissipée par ce transistor & une température ambiante de 25 C,
sachant que sa température de jonction ne doit pas dépasser 200T?

P =(200 - 25)/175 = 1W
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Need for a fast thermal simulation tool as a
function of pulse time, bias conditions,
device area and chip size.

€ Green’s function solution of the heat diffusion
equation [56].
@ Adiabatic boundary conditions using the method of
images [57].
€ Thermal boundaries defined by a typical thermal
diffusion length.
Calculation of T(x,y,z,t) for any number of
power sources and for any power pulse P(t)
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@ Exact analytical solution (based on Green’s function):
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Thermal Simulators

* Hot spot floor-plan simulator (ON Semiconductor-tool):

— Based on analytical equations = solution of the heat diffusion
equation for a homogeneous rectangular power source.
(Developed together with IMEC within the frame of the COMPOSE-
project)

— Atsilicon-level: based on die-edges, the surface and no limit in
depth.
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Fig. 3. Circuit thermal model.
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The general heat diffusion equation under rectangular
coordinates is given in [5].
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where T is the temperature, k is the thermal conductivity, g
is the power density per volume of the source,  is the
density of the material, and G, is the specific heat. In case
of wire interconneet of power supply, it steadily dissipate
power. Therefore, for the convenience of the computation,

sume the convergence condition and the Ieft time
trarksient term will be zero. Equation (1) will be
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A = 2abe, and s the dumhon of the transient simulation,
Eq. (7) can be rewritten as

T(r.y =) =Tu + / P(o)h(t — 7)dr (1)
where P(t) is the power consumed by the device
2
) = —=G )G )G(= ) 2)
1) = g Gl DG b.0G . e.1) (12)

is the thermal impulse response, and ¢ € [1,2] is an cmpirical
parameter to account for the non-perfect insulation of the sil-
icon dioxide. ¢ = 1 corresponds to the case when the silicon
dioxide is a perfect insulator. Eq. (11) is our main equation for
calculating the transient temperature response of a device from
its characteristics and power dissipation

The thermal parameters of the substrate material in Eq. (3)
are temperature dependent. For silicon, the lattice thermal
conductivity and the pC, product are given in terms of the
local lattice temperature 1" by [12]

k=1 «,m,(ﬁ T Wem —° K] (13)
pCyp = 1574(%}“‘ Jfem® —° K] (14)
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The thermal profile of a chip is governed by the heat equation:
AT (x.y.z.1)
Pey =5

it
where p is the density of the material (in kg.m™). ¢, is the heat capacity of the material (in Jkg" K™). Tis the
temperature (in K), k is the thermal conductivity (in W.m™ K™) and p is the volume power density (in W.m>).

=kAT(x.y.z2.0) + p(x.y.z.1)
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Image Method for Approximated Transient
Temperature Rise in Multilayer Structure

Time dependent Green function of a rectangular heat source:

VXV T(x.y.z.t)—4 V;Izz [f(x x X x 1[7(1/ y Y y]

f(x)=erf(x)

1=vDr

Boundary conditions:

Z v T(Z:Z;):T(Z:Zl*) Forall t

Approximation 1: when D1=D2, boundary condition is
independent of fime, so that image method can be used
Approximation 2: thermal conductivity of layer 2 is large

enough |
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depth. We point this out because it was ignored by Newman et al. (1990). The
time-dependent Green’s function for (43) with the boundary condition of (42) is given by
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By putting 1 = b in above equation and we get solution for uniform moving square heat source.




