Numerical evaluation of the Green’s function
Integral representation and equation
Solutions of boundary value problems in terms of the Green’s function.

[56] N. Rinaldi, ‘’On the Modeling of the Transient Thermal Behaviour of Semiconductor Devices’’, IEEE Trans.
Electron Devices, 48, 2001, pp. 2796-2802.

Green’s function solution of the heat diffusion equation

Adiabatic boundary conditions using the method of
Images

Exact analytical solution (based on Green’s function):
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Based on analytical equations = solution of the heat diffusion
equation for a homogeneous rectangular power source.
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A Logarithmic Full-Chip Thermal Analysis Algorithm Based on Multi-Layer Green’s Function

The method of Green’s functions is an important technique for solving boundary
value and initial value problems. In engineering and applied sciences the steady state and
transient heat conduction equation is one of this type of problems that is used to model
and study physical phenomenon arising in the real world. It is not at all surprising that
their solution has been the major concern of many engineers and scientists.

THERMAL ANALYSIS green’s function
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Transient Thermal Analysis of a Plate Fin Heat Sink
with Green’s Function
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The Freespace Green’s Function for the Diffusion Equation
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Image Method for Approximated Transient Temperature Rise in Multilayer Structure. Time dependent Green function of a rectangular heat source:

 Green function Transient Temperature Rise of a rectangular heat source

An Introduction to Partial Differential Equations With Matlab
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Time dependent Green function of a rectangular heat source:
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Physically. G(x. . 7) represents the tem-
perature at position (x.y.2) and time  caused by a
point source of heat located at (x'.y".z) and time 7.
The homogeneous boundary conditions are the same as
the temperature problem. but the volume energy gen-
eration is replaced by a Dirac delta function 3. If
Green'’s function G is known. then the temperature rise
at the surface of the cold plate caused by initial tem-
perature distribution. the internal energy generation
and boundary conditions may be written as'*']
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By putting 1 = b in above equation and we get solution for uniform moving square heat source.
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Caractéristiques physiques :

pC =1J/m’/°C , Chaleur volumique
A=1W/n/°C , Conductivité thermique de Q
k=0.2 W/m?%°C , Coefficient de radiation

L =1m, Demi-c6té de la plaque
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Notice GF is function of space and time as well as «,
thermal diffusivity.

x = location of point of interest
X’ = source location

t = time of interest

7= impulse time of source

GF: function of 4 variables here reduces to 2,

x—x" andu=t-71
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@ Assumptions:

@ rectangular, infinitely thin, homogeneous power source at to
surface

@ perfectly isolated top surface
@ constant thermal conductivity (independent of temperature)

@ Exact analytical solution (based on Green’s function):

_ ok W/2+x W/2—x
AT(x.y.z0) = 4 WINT ,.L{erf[ Jaa(t—1) ]Jrerf[ Jaa(i—1)
L)2+y L)2-y i .
. erf( ,7,]+81f{ = H W, L: dimensions power source
{ Vda=1) Vaa(r=1) k: thermal conductivity

el peear o: thermal diffusivity
Ji-r P do(t—t) P: power (any function of time)
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where
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) [

Gly.bt) = E(uj 9)
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Glz.et) = z( z\/f J(Nﬁ)) (10)

A = 2abe, and ¢ is the duration of the transient simulation
Eq. (7) can be rewritten as

T(a.y.z.1) :r,,+/ P(r)h(t —7)dr (11)
o
where P(1) is the power consumed by the device
2
hit) = R Gl a6 b OG0 (12)

is the thermal impulse respouse, and ¢ € [1.2] is an empirical
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
calenlating 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. Tor silicon, the lattice thermal
conductivity and the pC, product are given in terms of the
local lattice temperature T by [12]

e T .
k=15486(z) T [W/em —° K] (13)
300
T

C, = 1574(7—
lat T

) [T fem® =° K] (14)
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The general heat diffusion equation under rectangular
coordinates is given in [S]

pcpw =V(k(x.y.2.T)VT(x.y.z.0) + g(x.y.z.0) (D)
where T is the temperature. k s the thermal conductivity. g
is the power density per volume of the source. p is the
density of the material. and Cj is the specific heat. In case
of wire interconnect of power supply. it steadily dissipate
power. Therefore. for the convenience of the computation.
we assume the convergence condition and the lefi time
transient term will be zero. Equation (1) will be

VVT(x.y.2) =-g(x..2) @

The thermal conductivity k(x.y.z{) is constant within a
single homogenous layer. Therefore, the equation (2) will
be

K@V (VT(x.y.2) =g (x..2) @)

The temperature function can also be described as the
integral form

()= 7I g(G@.rdv @

g(x.3.2) :{ £()3(r.r)dv )
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The thermal profile of a chip is governed by the heat equation:
dT(x,y,2,1)
ar

where p is the density of ’the material (in kg.m™). ¢, is the heat capacity of the material (in J.kg" 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™).

pe, =FkAT (x,p,2,0) + p(x,¥,2,1)




