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The STiMuL model is intended for modeling steady-state keatuction in microprocessors and their
packaging. Itis directly derived from what is described8ih [Section 1 provides further details. If you are
not interested by theory and just want to use the STiMuL sariéywyou can go directly to Section 2.

1 Solving Laplace equation in multilayers

1.1 Analytical solution

The usual way to model heat conduction is to solve a parti&rdntial equation (PDE) with boundary
conditions (BCs), i.e., a boundary value problem (BVP).

For the case of steady-state heat conduction in a homogeeaitopic solid with thermal conductivity
independent of temperature and with no heat source inseledhd, temperatur&'(z,y, z) in the solid
verifies Laplace equation [5] :
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where x,y,z are cartesian coordinates. Some materials, like silicame ta thermal conductivity which
varies significantly with temperature, which makes the P@E hnear. In this case, it is usual to ap-
proximate the problem by taking a fixed thermal conductieityresponding to the temperature range of the
physical problem, so that linear equation (1) applies (otfethods are sometimes possible, like Kirchhoff’s
transformation [5, 4]).

If the solid is heterogeneous but consists of several honmaamges regions, we must solve Laplace equa-
tion in each region, with boundary conditions (BCs) on thdames of separation between regions (most
often, conservation of heat flux normal to the surface antimwaity of temperature, but other conditions are
possible).

There are several possible methods for solving BVPs thabeaapplied to heat conduction problems.
The most general methods are finite difference (FDM) andefieiément methods (FEM). These methods
are generally computation intensive because accuratelmgaé 3-dimensional heat conduction in regions
of high heat flux requires a large number of nodes.

If the shape of the solid is simple, it is sometimes possiblege analytical methods [5, 18], i.e., to
search for an explicit solution to the BVP. When they apphalgtical methods are often faster than FDM
and FEM. Perhaps more importantly, analytical methods elegively easy to implement and are easy to
use.
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Figure 1: Heat conduction in a multilayer can be solved witalgtical methods.

There is a particular case which can be used to model heaticton in integrated circuits : theulti-
layer. A example of multilayer is depicted in Figure 1. A multilayeonsists of several layers of possibly
different materials, each layer being a cuboid. All layesséhthe same dimension in theandy directions
(cf. Figure 1). The BCs on the surfaces perpendicular ta theis can be “complex” ones, e.g., prescribed
temperatureél’(x,y) or prescribed heat flug(z,y) - @, (whereq is the heat flux vector and, is the unit
vector (0,0, 1)). For the analytical methods to apply, BCs on the laterassi@hat is, surfaces parallel to
the z axis) must be “simple” ones, e.g., uniform temperature dalzatic.

When modeling heat conduction in integrated circuits aed fpackaging, it is usual to neglect the heat
escaping through lateral sides, hence we assume adializgiomBlateral sides :
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whereL, andL, are the layers dimensions in theandy directions respectively (see Figure 1).

Many researchers and engineers have used multilayers ahdiesd methods to model temperature in
integrated circuits and their packaging, e.g., [9, 13, 314517, 6, 2,8, 7, 4,19, 22, 20, 23, 24, 25, 21] (the
list is not exhaustive).

There are several possible methods for obtaining an ekgln@lytical solution to the multilayer BVP.
We used the integral transform method [18, 16]. For a rectianghape and adiabatic BCs on lateral sides,
the appropriate transform is a double cosine transform :

Tom(2) = / / T(z,y,2) COS(TLL—TF) cos(mL—w) dxdy (3)
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The transformed temperatuféis inm?K. The inverse transform involves an infinite summatiomacmd
m integers [18, 16]. It should be noted that
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(integrate by parts twice and use BCs (2)). Consequentytrémsform of‘?;% is
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Similarly, the transform o% is
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Finally, the transform 0%7 is
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Summing equations (4), (5) and (6), Laplace equation (19ines
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with 7, ,,, defined as

n o\ 2 m 2
o = ¢ () (1) ®
Like Laplace equation (1), the ordinary differential egoiat(7) holds within a single homogeneous layer.
Its general solution is

fn,m(Z) = An,m x e /nm#? + Bn,m x @ Yn.m?Z (9)

The unknowns4,, ,,, and B, ,,, are uniquely determined by specifying BCs on the planesrikitig the
layer (perpendicular to theaxis). These two planes areat 2y andz = z; = 29 + L., whereL, is the
layer thickness.

We consider two types of BCs : prescribed temperature arstpbed heat flux in the direction. The
heat flux vector is7 = —kVT according to Fourier’s law, wherk is the material thermal conductivity
(W/mK). The heat flux in the direction is
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Q is in W/m?2. The double cosine transform &fis
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The transformed heat flug is in W. As emphasized in [8, 16, 22], it is convenient to view thatieh
between(Tnm(zo) Qnm(zo)) and ( nm(zl) Qnm(21)) as a two-port network (akguadrupole[16]).
Note that4,, ,,, and B, ,,, can be written



Figure 2: Network representation for a homogeneous layeansformed temperature and heat flux are
equivalent to voltage and current respectively.
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In matrix form, we have
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This corresponds to the “T” network depicted on Figure 2, el and Q are equivalent to voltage and
current respectively. The thermal impedanégs,, andV,, ,,, of the “T” network are
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Figure 3 shows an example of multilayer and its network eajait. Power sources are planar, i.e., infinitely
thin (W/m?). The double cosine transform of a sourger,y) is equivalent to a current source in the
network representation. On this examplg, h; and ho are thermal conductances Wi/m?K. Thermal
conductances can be used to model heat exchange with thergmi®dium or imperfect contact between
layers. In the network representation, a thermal condeetarin W/m?K is represented by an electrical
resistancd /h independent of. andm. It should be noted that a thermal conductance can be viewad a
infinitely thin material layer. A very thin layer of thickne<., (small) and thermal conductivity can be
approximated by a thermal conductance
k
h ~ . (11)

We can obtain the heat flux or the temperature at any intediaagly by solving an electrical network.
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Figure 3: Example of multilayer and its network equivalefianar power sources arelii/m?.

1.2 Double cosine transform and its inverse

The solution we obtain in the transformed spéeem) is the exact solution to the BVP. As mentioned pre-
viously, the inverse of the double cosine transform (3) ive® an infinite summation om andm integers.

In order to decrease the computation time, the transformitaridverse can be implemented through
discrete cosine transforms, for which efficient algorithams known.

Let us considedV (x,y), which represents either temperatdféz, y), heat fluxQ(x,y), or power
sources;(x,y). The transform ofV is
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We discretize the plan@®, L] x [0, L,] into a regular gri&0, --- , N, — 1} x {0,--- , N, — 1} with N,
andN, integers. Each grid element is a rectangle of $izg/N,) x (L,/N,). If the grid element is small
enoughW (z,y) is approximately uniform in each grid element dfd ,,, is approximately equal to
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with C,, ,,, defined as
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Figure 4: Example of 3-multilayer stack. We assume the (jayers are centered, i.e., their centers lie on
a straight line parallel to the axis.
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wheresinc(z) = sin(xz)/x for z # 0 andsinc(0) = 1. That is, W/, .m/Cn,m is the type-Il double discrete
cosine transform (DCT) of”. W can be recovered froii’’ by a type-Iil double DCT :
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with 09 = 1 ando,, = 2 for n > 0. In practice, DCTs are implemented as Fast Fourier Tramsf¢FFT).
If we take N, and N, sufficiently large, we can obtain an arbitrarily accuratengtical evaluation of the
multilayer BVP solution.

1.3 Multilayer stack

The analytical method described in Section 1.1 appliestariyers having the sanig, andZ, dimensions.
This method does not apply to structures like the one depiateFigure 4. We call the kind of structure
depicted on Figure 4 enultilayer stack or stackfor short. The analytical method does not apply here
because the transform (3) dependsigrand L,,.

Nevertheless, as emphasized in [8], it is possible to oldaimccurate solution by using successive
approximations. The method we have implemented is verylairto the one described in [8]. During an
iteration, each multilayer is solved assuming approxinBis. Solutions obtained during an iteration are
used to refine the BCs for the next iteration, and so on.

To simplify the implementation, we made the following asgtions. First, we assume that all multi-
layers are centered, i.e., that their centers lie on a strdiite parallel to the: axis. This assumption is not
essential, but is sufficient for modeling processors. Sexome assume thdt, and L, increase witl, i.e.,
multilayer 2 is wider than multilayer 1, multilayer 3 is wid#han multilayer 2, and so on (cf. Figure 4).
Third, on theexposed surfacese., the surfaces that are exposed to the ambient medanauseadjacent
multilayers have different widths (cf. Figure 4), we asswuar@nvective boundary condition :



Q(z,y) = hyy x (T — Tn(z,y)) (14)

whereQ(z, y) is the heat flux in the direction,n > 2 is the multilayer rank7? is the ambient temperature
in this region (assumed uniform all over the exposed sujfaGgz, y) is the temperature on the exposed
multilayer surface, andl,, is a thermal conductance (aka heat transfer coefficierit) im?K.

The method we have implemented works as follows. The BC omiliélayer side in contact with a
smaller multilayer (side 0) is a flux BC. The BC on the multdagide in contact with a bigger multilayer
(side 1) is a temperature BC.

The iterative algorithm computes temperature on side 0 df eaultilayer. Initially, this temperature is
set to a constant value. Temperature on side 0 of multilaygetermines the BC on side 1 of multilayer
n — 1 and, through formula (14), the heat flux on the exposed seidécnultilayern. During an iteration,
solving multilayern — 1 provides the heat flux in the non-exposed zone of side O ofilayeét n. This
way, we can solve successively multilayer 1, multilayer Bltiayer 3, and so on. We call this d@eration.

On iterationy, the old temperatur&;_,(z, y) on side O is replaced with the newly computed temperature
Tj(z,y) = T(z,y).

In the good case, only a few iterations are necessary to ogave the solution. However, as noted in
[8], there are cases where, instead of converging, temperdiverges. This happens in particular when the
thermal resistance of multilayeris larger than the total thermal resistance from multilayéo multilayer
n — 1. The solution proposed in [8] is as follows. Instead of replg the old temperatur;_;(x,y) of
side 0 of multilayem with the new temperaturé(z, y), we have

Tj(z,y) = canT(x,y) + (1 = an)Tja1(2,y)

with «,, €]0,1]. The value ofv,, must be small enough to ensure convergence. However, asind8j, the
convergence time can be much longer for smallgvalues. We implemented a heuristic that tries to find
good values fory,, automatically. We found that, sometimes, different majt@rs in the same stack require
differenta,, values.

2 The STiMuL software

The StiMuL software is implemented as a set of C functionaséts the FFTW library [10, 1].

2.1 Grid functions

The basic structure of the STiIMuL software is tiped, which is a 2-dimensional array of floating-point
values defined as follows :

typedef double stml_realtype;

typedef struct {

int nx;

int ny;

stml_realtype V[STMLGRIDMAX][STML _GRIDMAX];
} stml_grid;

The software provides several functions for manipulatiigsg The following function function allocates a
grid of sizenz x ny floating-point values and returns a pointer to it :

stml_grid » stml_grid_new (int nx,int ny);




The grid can be freed with the following function :

‘void stml_grid_free (stmLgrid =g); [

The following function sets grig uniformly to valueval :

‘void stml_grid_set(stmlLgrid ~g,double val); [

The following function sets a part of griglto valuewval. The part is a rectangle defined by the coordinates
(i1, 41) and(:2, j2) of two vertices defining a diagonal of the rectangle (theargle sides are parallel to
the grid ones) :

‘void stml_grid_rectangle (stmlgrid =g,int il,int jl1,int i2,int j2,double val); [

The following function sets grig dimensions towz andny and resets its value uniformly to zero.

‘void stml_grid_reset(stmlgrid =g,int nx,int ny); [

A grid g can also be viewed as a grid of x ny square cells of unit length. In this case, the value
g.v[i][j] represents the value at the point of coordindtes- 3, + 1) in the grid, i.e., the value at the
center of the cell. The following function returns the vabigrid g at the point of coordinates:, y), where
x € [0,nz] andy € [0, ny| are floating-point values (the value is obtained by lineterjpolation) :

‘double stml_grid_-read (stmlgrid »g,double x,double y); [

The following functions return respectively the averagaximum and minimum value of grid:

double stml_grid_average (stmlgrid *g);
double stml_grid_max(stmlLgrid =g);
double stml_grid_min (stml_grid *g);

The following function prints gridy on the standard output :

void stmil_grid_print(stml_grid =g);

2.2 Multilayer functions

The stml_multilayer type is a structure representing a multilayer, as depictdétigure 1.
The following function allocates a multilayer and returnganter to it :

‘stml_multilayer * stml_multilayer_.new (double Ix,double ly,int nx,int ny); [

Parametergz and ly are the dimensions in meters in theand y directions respectively (see Figure
1). Parametenx andny are the dimensions of the grids associated with the muttilayThe larger
nx andny, the more accurate the solution. The following functionefrea multilayerp allocated with
stml_multilayer_new :

‘void stml_multilayer_free (stmLmultilayer xp); [

2.2.1 Defining active layers

Active layers can be of two sorts : temperature or source. fét@wing function defines an isothermal
plane of temperature(in °C) in multilayerp :

void stml_multilayer.isotherm (stmlmultilayer «p,double t,const char xname);




wherename is a string for identifying the layer. This function can beeddo set a temperature boundary
condition. The following function can also be used to defineraperature boundary condition but is more
general :

void stml_multilayer-temperature (stmimultilayer =p, stml.grid *g,const char »name);

where, instead of being uniform, temperature is specifigd wigridg whose dimensionsx andny must
match the multilayer ones. Functiorsmi_multilayer_isotherm and stmi_multilayer_temperature
can be used only to define outside boundary conditions,the.first and/or the last layer in a multilayer.
They cannot be used inside the multilayer.

The following function defines a heat source plane :

void stmil_multilayer_.sources (stmlmultilayer =p,stml_grid *g,const char xname); [

where the planar sources are specified with a grigépresenting a 2-dimensional power density in watt
per meter square (parameters andny of g must match those gf). Functionstml_multilayer_sources
can be used to define a heat flux boundary condition (i.e., vgbearces lie on the outside boundary). It
can also be used to define heat sources inside the multiliyparameterg is set to NULL, there is no
heat generation on the layer. This is useful when one wardbtiin temperature on a plane with no heat
sources.

Each active layer is identified with a strimgime, and different active layer must have different names.

2.2.2 Defining passive layers

Passive layers can be of two sorts : slab or interface. Thaafirig function defines a slab of thickneks
in meters (see Figure 1) and whose material has a thermalictivity % in watt per meter and per kelvin :

‘void stml_multilayer_slab(stmLmultilayer xp,double |z ,double k) [

The following function defines an infinitely thin layer of aductanceh in watt per meter square and per
kelvin (Formula 11) :

‘void stml_multilayer_interface (stmlmultilayer »p,double h); [

Such infinitely thin layer can be used to simulate heat tears§ convection on the outside boundary. It can
also be used to simulate an imperfect contact between tls.sla
2.2.3 Solving the multilayer

Once all layers of a multilayer have been defined, the folhguilinction must be used to finalize the multi-
layer :

void stml_multilayer_finalize (stml_multilayer =p);

This function prepares the multilayer for being solved aheoks its consistency. In order to be consistent,
a multilayer must verify the following conditions :

» The multilayer must have at least 3 layers
» The first and last layer must be active layers (as they definedary conditions)

» The first or the last layer must be a temperature layer (afiserthere is not a unique solution)



» A temperature layer can only be the first or the last layerhath (a temperature layer defines a
boundary condition).

 Active layers must be separated by one or several passigesla

Once the multilayep is finalized, it can be solved with the following function :

stml_multilayer_.solve (stmLmultilayer xp, const char *name, stmlgrid *g);

wherename is the active layer for which we search a solution, arid the grid in which the solution will
be written (parametensz andny of the grid must match those gj.

If the active layer is a temperature layer, the solution iolehin g is the heat flux inl¥/m? on that
layer. If the active layer is a source layer, the solutioraot®d ing is the temperature in °C on that layer.

Once a multilayer has been finalized and solvédh{_multilayer_solve may be called several times),
we may want to change some of its characteristics. In gertbialrequires to define a new multilayer. But
if we just want to change the values of an active layer, it ismezessary to define a new multilayer. The
following function may be called instead :

void stml_multilayer_modify (stml_multilayer =p,const char xname, stmlgrid =g); [

wherename is the active layer name ands the new active layer value.

2.3 Multilayer-stack functions

A multilayer-stack, ostackfor short, consists of several multilayers, as illustratefigure 4. The BCs on
the outside stack surfaces are all temperature BCs.

A stack is represented in the STiMuL software by the typel_stack. The following function allocates
a stack and returns a pointer to it :

‘ stml_stack » stml_stacknew(); [

The stack can eventually be freed with the following functio

‘void stml_stack free (stmlLstack xs); [

The first multilayerp in a stacks is the multilayer with the smallest: andly values. It is included in the
stack with the following stack initialization function :

void stml_stack start(stmlLstack s,
double Ix ,double ly,
int nx,int ny,
stml_grid xg,double t,
const char xname);

wherelz andiy are the dimensions of the first multilayer amd andny are its grid dimensions. Parameter
name is the name of the first multilayer. Griglis used to set the temperature BC for the first multilayer
(i.e., the BC on the top of the stack, see Figure 4). Temperaire in degrees Celsiusglfs set to NULL,
temperature is uniform and equal to parameter

Subsequent multilayers can be added to the stack with tleviog function

stml_stack add (stmlLstack *s,
double Ix,double ly,
int nx,int ny,
double h,double t,
const char »xname);
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wherelx andly are the multilayer dimensions;: andny its grid dimensionsh is the heat transfer coeffi-

cient (inW/m?2K) of the multilayer exposed surface (see Figure 4 and SettBrand: is the temperature

(in °C) of the ambient medium at that surface. Paramétensdt correspond td,, andT? in formula (14).
The only contraints when adding a multilayer to a stack ieilneady one or several multilayers is that

the dimensiongx andly of the multilayer must be greater than the dimensions of teeipus multilayer in

the stack, and the name of the multilayer must be differemhfthat of the other multilayers in the stack.
The following function adds an interface of conductahggn W/m?K) to multilayername :

‘ stml_stack interface (stmlstack *s,const char xname double h); [

The following function adds a slab of thickneas(in m) and thermal conductivity (in W/mK) to multi-
layername :

‘void stml_stack slab(stmlLstack »s,const char xname double 1z ,double k); [

The following function adds a source layer namedne2 to multilayernamel :

void stml_stack sources(stmlstack »s,const char xnamel,
stml_grid *g,const char xname2);

where g is the power density grid if//m?2. A constraint is that a source layer must be preceded and
followed by a passive layer in the same multilayer (i.e., @ gir an interface). The layer name can be any
string but "top” and "bottom”, which are reserved names.

Once all the multilayers constituting the stack have bedimei@, the stack must be finalized with the
following function :

void stml_stack finalize (stmlLstack s, stmlgrid =g,double t); [

whereg is the temperature grid defining the BC on the bottom side@bthck (see Figure 4). {fis set to
NULL, temperature is assumed uniform and equadl to
Once finalized, the stack is solved with the following fuoatt

void stml_stacksolve (stmlLstack »s,double eps); [

Parameteeps is used to control the accuracy of the solution : the smalte; the more accurate. For
instance, if we want the relative error to be of the orded@f? (and provided grid dimensions are set
accordingly), we should takeps = 10~2 or smaller.

Once the stack is solved, the following function allows tad¢he solutions :

void stml_stack solution(stmlLstack »s,const char xnamel,
const char *name2, stmlgrid =g);

wherenamel is the multilayer namepame?2 is the active layer name in that multilayer, apds the grid
where the solution is written. liame2 is set to "top”, the solution obtained is that on the first\atayer.
The first active layer of the first multilayer is a temperatBf@, hence the corresponding solution is the heat
flux entering the top of the stack. For example, if the firstiifayler is named "ML1", the heat flux on the
top of the stack is obtained witttml_stack_solution(s,” M L1”,”top”, g). For multilayers other than the
first one, the first active layer is a flux boundary conditioent¢e the solution obtained is the temperature
on that layer. The last layer in a multilayer is named "boftoand it is always a temperature boundary
condition. For intancestml_stack_solution(s,” M L”,”bottom”, g) permits obtaining the heat flux on the
last layer of the multilayer named "ML".

If we want to modify the values of an active layer without ricieag a new stack, we can use the
following function :

11



void stml_stackmodify (stml_stack »s,const char »namel,
const char »name2, stmlgrid *g);

where namel is the multilayer namename2 is the active layer name in that multilayer, ands the
new value. For instance, if the first multilayer is named "MLatmli_stack_-modify(s,” M L1”,"top”, g)
changes the temperature BC on the top of the stack.

3 Examples

3.1 A simple multilayer

The example program of Figure 5 models a simple multilayasisting of a singld cm x 1em x 1mm
slab of thermal conductivitg00 W/m K. A uniform power density of W/mm? is applied on the top side

of the slab and a uniform temperature20fC is applied on the bottom side. The program in Figure 5 gives
the temperature on the first side and the heat flux on the atlheer s

3.2 Example of multilayer stack

Let us assume we want to model a processor and its packagihgpaded on Figure 6. We can model it
with the program in Figure 7. We model power dissipation lansistors and wires with two square heat
sources lying on the same heat source plane (it should bd ti@eit is possible with STiMuL to model 3D
circuits with several heat source planes). Eventually, utput the temperature on the heat source plane.
The corresponding temperature map is shown in Figure 8.

3.3 Example: determining power density from temperature

Determining the power density map of a microprocessor dxega given program is not straightforward.
Some researchers have shown that it is possible to obtairrpdensity indirectly by infrared thermal
imaging [11, 12], i.e., by deriving the power density mamira temperature map. A possible solution (the
one used in [11, 12]) is to obtain the thermal resistanceixpaither by measurement or modeling, and
solve the system of equations.

STiMuL offers another possible method. The program in Fég@rshows an example of obtaining
a power density map from a temperature map. In this casegthpdrature map is used as a boundary
condition.

In general, power density is very sensitive to input paranseftemperature, thermal conductivity, etc.)
S0 in practice it is recommended to vary the inputs in ordeuiantify the error interval.
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#include <stdio .h>
#include "stimul.h”

I/l square layer of width 1 cm
#define WX 0.01
#define WY WX

/!l use grids of 100 x 100
#define NX 100
#define NY NX

int main ()

stml_grid »g = stmlgrid_new (NX,NY) ;
stml_multilayer *xp = stmlmultilayer-new (WX, WY,NX,NY) ;

/I first layer defines a heat flux of 1 W/mm"2 (top side)
stml_grid_set(g,1e6);
stml_multilayer_sources (p,g,"topside”);

Il second layer defines a slab of thickness 1 mm and thermahduwoctivity 400 W/mK
stml_multilayer_slab (p,1e-3,400);

I/l last layer defines an isothermal plane at 20 degrees Caestsi(bottom side)
stml_multilayer_isotherm (p,20,"bottomside”);

/1 finalize multilayer
stml_multilayer_finalize (p);

/Il get temperature at the center of the top side
stml_multilayer_solve (p,”"top.side”,g);
printf ("Temperaturee=%f\n",stml_grid_-read (g,NX/2 ,NY/2));

/Il get heat flux at the center of the bottom side
stml_multilayer_solve (p,”bottom.side”,g);
printf ("Heat_flux .=.%f\n",stml_grid_read (g,NX/2 ,NY/2));

stml_grid_free(g);
stml_multilayer_free (p);

Figure 5: Program of the example 3.1
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Figure 6: Example 3.2.
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#include <stdio.h>
#include "stimul .h”

#define AMBIENT 30

/!l use grids of 160 x 160
#define NX 160
#define NY NX

int main ()

{
stml_stack *s = stmlLstacknew ();
stml_grid »g = stmlgrid_new (NX,NY);

I/l set the two square heat sources in grid g
stml_grid_set(g,0);
stml_grid_rectangle (g,0 ,NX/2NX/8 ,NX/4—1,NX/2+NX/8—1,1e6);
stml_grid_rectangle (g,NX1,NX/2—NX/8 ,NX-NX/4 ,NX/2+NX/8—-1,1e6);

/1l define 3 multilayers

stml_stack start(s,0.016,0.016,NX,NY,NULL, AMBIENT, "ML1") ;
stml_stack add (s,0.03,0.03,NX,NY,100 ,AMBIENT, "ML2") ;
stml_stack add (s,0.06,0.06 ,NX,NY,100 ,AMBIENT, "ML3") ;
Il first multilayer

stml_stackinterface (s,”ML1",10);
stml_stackslab(s,”ML1",1e—-5,12);

stml_stack sources(s,”ML1l",g,”"circuits”);
stml_stackslab (s,"ML1" ,5e—4,100);
stml_stackslab (s,”ML1" ,5e—5,5);

/1l second multilayer

stml_stackslab (s,"ML2",1e—3,400);
stml_stackslab (s,"ML2" ,5e—5,5);

I/ third multilayer

stml_stackslab (s,”ML3",5e—3,400);
stml_stack.interface (s,”"ML3",500);

Il finalize and solve
stml_stack finalize (s,NULL,AMBIENT) ;
stml_stack solve (s,1e-3);

/1 output temperature map of the source layer
stml_stack solution(s,”ML1",”circuits”,g);
stml_grid_print(g);

stml_grid_free (g);
stml_stack free(s);

Figure 7: Program of the example 3.2
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#include <stdio.h>
#include "stimul .h”

#define NX 180
#define NY 230
#define WIDTH 0.1
#define CHIPX 0.00811
#define CHIPY 0.01036
#define AMBIENT 26.112

int main ()

int i,j;

FILE = ft = fopen("inputs/temperaturamap”,”r”);
stml_grid =g = stml.grid_new (NX,NY);
stml_stack »s = stmLstacknew () ;

stml_grid_set(g,0);
for (j=NY-1; j>=0; j—) {
for (i=0; i<NX; i++) {
fscanf (ft,"%lf",&g—>vI[il[j]);
}

fclose (ft);
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stml_stack add (s ,WIDTH, WIDTH,NX,NY,0,0,"ML2") ;
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stml_stack.interface (s,”ML1",3.33e4);
stml_stackslab (s,"ML2",1e—3,400);

stml_stack finalize (s,NULL,AMBIENT) ;

stml_stack solve (s,1e-3);

stml_stack solution(s,”"ML1","top”,qg);
stml_grid_print(g);

stml_grid_free (g);
stml_stack free(s);

Figure 9: Program of the example 3.3 : obtaining power deffisiim temperature.
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