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• ATMI is an analytical model oftemperature inmicroprocessors, implemented as a set of C functions.

• ATMI is not a power model. ATMI takes power numbers as input,and returns temperature numbers.
The user must provide power numbers.

• ATMI does not model a particular packaging and heat-sink. These are ATMI inputs defined by the
user.

1 ATMI model

The processor and its packaging are idealized as depicted inFigure 1. ATMI models two layers of different
materials. Typically, layer 1 is silicon and layer 2 is metal. Both layers have horizontal dimensionsL × L,
with L the width of the metal layer (or the square root of its area). That is, ATMI assumes a large silicon
chip, which neglects the impact of chip edges. The interfacematerial between the two layers is considered
infinitely thin and is modeled by a conductanceh1 in W/m2K. If the actual thickness of the interface isdi

and its thermal conductivityki, the equivalent conductance is

h1 =
ki

di

The ambient medium is assumed to have a fixed and uniform temperatureTamb. Planesz = 0, x = ±L/2
andy = ±L/2 are assumed thermally insulated. Heat can only escape through the top planez = z2, where

conductance h2 (W/m K)2

2conductance h1 (W/m K)

heat flux q(x,y,t) (W/m )
2

conductivity k2 (W/mK)

conductivity k1 (W/mK)
z= z1

z= 0

z= z2
= z1+d

L

Figure 1: ATMI model
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parameter unit (SI) meaning

z1 m layer 1 thickness
d = z2 − z1 m layer 2 thickness

k1 W/mK Layer 1 thermal conductivity
k2 W/mK Layer 2 thermal conductivity
α1 m2/s layer 1 thermal diffusivity
α2 m2/s layer 2 thermal diffusivity
h1 W/m2K conductance between layers 1 and 2
h2 W/m2K conductance between layer2 and ambient
L m width

Table 1:The 9 ATMI parameters

the conductance ish2 in W/m2K. For example, to simulate a heat-sink of thermal resistanceR in K/W
and widthL, we define the equivalent conductance

h2 =
1

R × L2

The heat generation by transistors and wires is simulated bya 2-dimensional power densityq(x, y, t) in the
planez = 0. That is, we assume that heat is generated in an infinitely thin layer. For more information on
ATMI theory, see references [9, 8].All temperature numbers output by ATMI are on the plane z = 0
and are relative to the ambient Tamb. The value ofTamb is not part of the ATMI model. Hence to get
absolute temperatures, the user should add her/his ownTamb value to all temperature numbers output by
ATMI functions. Tamb is a local ambient, defined as the temperature of the medium ontop of layer 2. It is
assumed uniform and constant. Hence if layer 2 represents the base-plate of a heat-sink cooled by convection
of air, Tamb is the temperature inside the computer case, at the CPU fan inlet. It is typically several degrees
Celsius higher than the room temperature [7].

2 ATMI parameters

The 9 ATMI parameters are listed in Table 1. They are defined ina C structure :

t y p e d e f s t r u c t {
double z1 ; / * l a y e r 1 t h i c k n e s s (m)* /
double d ; / * l a y e r 2 t h i c k n e s s (m)* /
double k1 ; / * l a y e r 1 the rma l c o n d u c t i v i t y (W/mK)* /
double a1 ; / * l a y e r 1 the rma l d i f f u s i v i t y (mˆ 2 / s )* /
double k2 ; / * l a y e r 2 the rma l c o n d u c t i v i t y (W/mK)* /
double a2 ; / * l a y e r 2 the rma l d i f f u s i v i t y (mˆ 2 / s )* /
double h1 ; / * l a y e r 1 / l a y e r 2 the rma l conduc tance (W/mˆ2K)* /
double h2 ; / * l a y e r 2 / ambient the rma l conduc tance (W/mˆ2K)* /
double L ; / * w id th (m) * /
double MAXR; / * no t an ATMI parameter , f o r i n t e r n a l use* /

} atmi param ;
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ATMI works with SI units. In particular, distances are in meters and temperatures in kelvins.
The user must set the 9 parameter values corresponding to her/his problem. For instance, modeling a

server processor will generally require different parameter values than modeling a laptop processor.
There are two ways to set ATMI parameters values. The first function sets parameters values directly :

void a t m i s e t p a r a m ( atmi param * p ,
double va l z1 ,
double va l d ,
double va l k1 ,
double va l a1 ,
double va l k2 ,
double va l a2 ,
double va l h1 ,
double va l h2 ,
double va l L ) ;

The second function sets parameters corresponding to silicon (layer 1) and copper (layer 2) :

void a t m i f i l l p a r a m ( atmi param * p ,
double c e l s i u s z o n e , / * c e l s i u s * /
double h e a t s i n k r e s i s t a n c e , / * K /W * /
double h e a t s i n k w i d t h , / * m * /
double c o p p e r t h i c k n e s s , / * m * /
double b u l k s i l i c o n t h i c k n e s s , / * m * /
double i n t e r f a c e t h i c k n e s s , / * m * /
double i n t e r f a c e t h e r m a l c o n d / * W/mK * / ) ;

Silicon thermal characteristics depend on temperature. However, ATMI is a linear model (like many tem-
perature models) and neglects this effect. A solution that is often used is to linearize the problem in a
temperature range, estimateda priori. Parametercelciuszoneshould be set approximately to the tempera-
ture of the point where we want to be accurate. If only a temperature range is known,celsiuszonemay be
set to the middle of this range. For example, if temperature on the chip is expected to be between 50°C and
100°C,celsiuszonemay be set to 75.

With functionatmi fill param, parametersh1 andh2 are set indirectly by providing the interface material
thickness and thermal conductivity, and the heat-sink thermal resistance inK/W (more precisely, the sink-
to-ambient thermal resistance).

If the second layer is not copper but another material, it is possible to useatmi fill paramto set silicon
characteristics, and then to correct layer 2 parameters with atmi set param. For example :

a tm i param p ;
a t m i f i l l p a r a m (&p , 8 5 , 0 . 3 , 0 . 0 7 , 0 . 0 0 5 , 0 . 0 0 0 5 , 0 . 0 0 0 1 , 4 ) ;
a t m i s e t p a r a m (&p , p . z1 , p . d , p . k1 , p . a1 , 200 , 0 . 0001 , p . h1 , p . h2 , p .L ) ;

Remark. ATMI does not model a particular packaging. There is not a single interface material, or a single
heat sink. It depends on the type of system (embedded, laptop, desktop, server, etc.) and the associated
economic and technological constraints. Note that the sink-to-ambient thermal resistance depends on fan
speed. Moreover, the interface material characteristics degrade with usage [10].
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3 ATMI core functions

We recall that all temperature numbers output by ATMI are on the planez = 0 and are relative to the
ambient. The ATMI model is based on a set of core functions that give transient temperature responses to a
step power.

double a t m i r e c t a n g l e ( a tmiparam * p ,
double q , / * power d e n s i t y (W/mˆ 2 )* /
double a , / * r e c t a n g l e w id th (m) * /
double b , / * r e c t a n g l e h e i g h t (m) * /
double x ,
double y ,
double t , / * t ime ( s ) , used i f s t e a d y =0* /
char s t e a d y ) ;

This functions gives the relative temperature generated attime t by a rectangle sourcewhen L = ∞, i.e,
when layers 1 and 2 are infinite in thex andy directions. The source is assumed to dissipate no power for
t < 0, and a constant and uniform power densityq (in W/m2) for t ≥ 0. The rectangles sides are parallel to
thex andy axes, and parametersa andb are respectively the width (x) and height (y) of the rectangle source.
Parameters(x, y) are the coordinates of the measure point relative to the rectangle center (the rectangle
center has coordinates(0, 0), the rectangle vertices have coordinates(±a/2,±b/2)). If parametersteadyis
null, the function gives temperature at timet, otherwise it gives the steady-state temperature (t → ∞).

double a tm i images ( a tmiparam * p ,
double power , / * power (W) * /
double t , / * t ime ( s ) , used i f s t e a d y =0* /
char s t e a d y ) ;

This function gives the temperature contribution from the finite value ofL (this contribution becomes null
asL → ∞). It is assumed that most power sources are located close thecenter of theL × L square, which
is generally the case as the heat-sink is wider than the chip and the chip is mounted at the center of the
base-plate. The value returned byatmi imagesmust be added to values returned byatmi rect.

For example, the steady-state temperature at a vertex of a1mm × 1mm square source dissipating a
power density3W/mm2 can be obtained as follows :

double a = 0 . 0 0 1 ; / / source l e n g t h
double q = 3e6 ; / / power d e n s i t y
double t e m p e r a t u r e = a t m ir e c t a n g l e (&p , q , a , a , a / 2 , a / 2 , 0 , 1 )

+ a tm i images (&p , q* a* a , 0 , 1 ) ;

4 Principle of superposition

4.1 Steady state

The relative temperature generated by a set of power source can be obtained by summing the relative tem-
perature generated by each source considered separately. For example, the steady-state temperature at the
center of a square source in the presence of a second identical source can be obtained as follows :
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double a = 0 . 0 0 1 ; / / s ou r c e s l e n g t h
double b = 0 . 0 0 5 ; / / d i s t a n c e between s ou r c e s c e n t e r s
double q = 3e6 ; / / power d e n s i t y
double t e m p e r a t u r e = a t m ir e c t a n g l e (&p , q , a , a , 0 , 0 , 0 , 1 )

+ a t m i r e c t a n g l e (&p , q , a , a ,−b , 0 , 0 , 1 )
+ a tm i images (&p , 2* q* a* a , 0 , 1 ) ;

The ATMI software provides some functions that automatize the principle of superposition. The fol-
lowing function gives the steady-state temperature for a power density map consisting of a set of rectangle
sources :

void a t m i s t e a d y r e c t ( a tm i param * p ,
i n t n r e c t , / * number o f r e c t a n g l e s* /
a t m i r e c t r c [ ] , / * r e c t a n g l e s c o o r d i n a t e s* /
double q [ ] , / * power d e n s i t y i n each r e c t a n g l e* /
double t e m p e r a t u r e [ ] ) ;

More precisely, this functions returns in the arraytemperaturethe steady-state temperature at the center of
each rectangle. Each rectangle geometry is described with the following structure :

t y p e d e f s t r u c t {
double x1 ;
double y1 ;
double x2 ;
double y2 ;

} a t m i r e c t ;

where(x1, y1) and(x2, y2) are the coordinates of opposite vertices of the rectangle, i.e., those defining a
diagonal. The previous example could be treated as follows :

double a = 0 . 0 0 1 ; / / s ou r c e s l e n g t h
double b = 0 . 0 0 5 ; / / d i s t a n c e between s ou r c e s c e n t e r s
double q [ 2 ] = {3e6 , 3 e6} ; / / power d e n s i t y o f each source
a t m i r e c t r c [ 2 ] = {

{−a /2 ,−a / 2 , a / 2 , a / 2} ,
{b−a /2 ,− a / 2 , b+a / 2 , a /2}

} ;
double temp [ 2 ] ;
a t m i s t e a d y r e c t (&p , 2 , rc , q , temp ) ;
double t e m p e r a t u r e = temp [ 0 ] ;

However, the computation time of functionatmi steadyrect increases quickly with the number of rectangles.
If the power density map is very detailed, then it is better touse the following function :

void a t m i s t e a d y g r i d ( a tm i param * p ,
i n t nx , / * number o f b l o c k s i n t he x d i r e c t i o n* /
i n t ny , / * number o f b l o c k s i n t he y d i r e c t i o n* /
double g r i d u n i t , / * b l oc k l e n g t h ( mete rs )* /
a t m i g r i d q , / * power d e n s i t y * /
a t m i g r i d t e m p e r a t u r e ) ;
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where a grid is defined as a 2-dimensional array :

# d e f i n e ATMI GRIDMAX 1024
t y p e d e f double a t m i g r i d [ATMI GRIDMAX] [ ATMI GRIDMAX] ;

In functionatmi steadygrid, the power density map consists of a grid ofnx×ny square blocks whose side
length isgridunit, with nx andny less than ATMIGRIDMAX. The function returns in thetemperaturegrid
the steady-state temperature at the center of each block.

4.2 Transient

The principle of superposition does not apply solely to steady-state temperature, it also applies to transient
temperature. For example, the transient temperature at thecenter of a square source which is on for1ms
and off the rest of the time can be obtained as follows :

double a = 0 . 0 0 1 ; / / source l e n g t h
double q = 3e6 ; / / power d e n s i t y
double d u r a t i o n = 0 . 0 0 1 ; / / power i s on f o r 1 ms

double s t e p r e s p o n s e (double t )
{

i f ( t <= 0) {
re tu rn 0 ;

} e l s e {
re tu rn a t m i r e c t a n g l e (&p , q , a , a , 0 , 0 , t , 0 ) + a tm iimages (&p , q* a* a , t , 0 ) ;

}
}

double t e m p e r a t u r e (double t )
{

re tu rn s t e p r e s p o n s e ( t )− s t e p r e s p o n s e ( t−d u r a t i o n ) ;
}

double t ;

f o r ( t =0; t <=0.01; t +=1e−4) {
p r i n t f ( ”%f %f \n” , t , t e m p e r a t u r e ( t ) ) ;

}

The ATMI software provides functions that automatize the generalized principle of superposition. These
functions can be used to simulate the temperature in a microprocessor whose power density map can be
described by a set of rectangle sources. The user provides a set of nrect rectangles numbered from0
to nrect − 1. Some of these rectangles can be defined assensors, meaning that the thermal simulator
will compute the temperature at the center of each of these rectangles. For example, to define a sensor in
rectangles #0 and #4, we do as follows :

a t m i r e c t s e t s e n s o r s ;
a t m i r e c t s e t i n i t (& s e n s o r s ) ;
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a t m i r e c t s e t a d d (& s e ns o r s , 0 ) ; / / s e ns o r 0 i n r e c t a n g l e 0
a t m i r e c t s e t a d d (& s e ns o r s , 4 ) ; / / s e ns o r 1 i n r e c t a n g l e 4

The following function initializes the thermal simulator :

void a t m i s i m u l a t o r i n i t ( a t m i s i m u l a t o r * t s ,
c o n s t char * f i l ename ,
a tmi param * p ,
double t i m e s t e p ,
i n t n r e c t , / * number o f r e c t a n g l e s ou r c e s* /
a t m i r e c t r c [ ] , / * r e c t a n g l e s c o o r d i n a t e s* /
a t m i r e c t s e t * s e ns o r s ,
double q [ ] ) ; / * warm−up power d e n s i t y * /

Parametertimestepis the time-step, which means that power density in each rectangle is considered constant
between timesn × timestep and(n + 1) × timestep, n being integer. The thermal simulator will give
temperature only in the rectangles declared as sensors via the parametersensors.

The thermal simulator initialization phase may take a long time if there are many rectangles and many
sensors. This is the time necessary to compute the temperature responses for each (source,sensor) pair.
These temperature responses depend only on the ATMI parameters. So if we want to run several simulations
with the same ATMI parameters, it is possible to compute the thermal responses once and store them in a
file whose name isfilename. The file is automatically created at the first execution ofatmi simulator init.

Before starting the simulation, the simulated chip must be put in a meaningful thermal state. This is done
by applying warm-up power densitiesq[] (one value per rectangle). This initial power density is applied for
a time that is long enough to reach a steady state. The warm-uppower density must be set carefully to obtain
meaningful simulation results. For instance, if warm-up power densities are null, it means that the initial
temperature is the ambient temperature. But it may not be what we want to simulate. Often, we want the
initial thermal state to be close to a steady state, because the simulation will not be long enough to reach a
steady state. Moreover, modern processors feature thermalthrottling mechanisms that prevent temperature
to exceed a certain limit. The corresponding warm-up power density can be computed with the following
function which computes approximately the steady-state effect of thermal throttling :

void a t m i s t e a d y t h r o t t l e ( a tm i param * param ,
i n t n r e c t ,
a t m i r e c t r c [ ] ,
a t m i r e c t s e t * s e ns o r s ,
a t m i r e c t s e t domain [ ] ,
double wmax ,
double q [ ] ) ;

Here,param, nrect, rc[] andsensorsare the same parameters that are passed as input toatmi simulator init.
Each sensor is associated with adomain. A domain is a set of rectangles that are throttled whevener the
relative temperature at the sensor exceedswmax. The domaindomain[i] for the ith sensor is set with
atmi rectsetadd. Functionatmi steadythrottle takes as input the power density q[] corresponding to when
throttling is not engaged, and it returns in q[] the power density that should be used as warm-up power
density.

For example, let us assume that we model a dual-core processor with 4 rectangles, where rectangles #0
and #1 model the first core and rectangles #2 and #3 model the second core. Let us assume that the ambient
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temperature is 35°C and that each core has an independent throttling mechanism that prevents temperature
in any rectangle to exceed 90°C. We can do as follows :

double q [ 4 ] = {1 .3 e6 , 5 e5 , 1 e6 , 5 e5} ; / / power d e n s i t y when no t h r o t t l i n g
a t m i r e c t s e t s e n s o r s ;
a t m i r e c t s e t domain [ 4 ] ; / / one domain per s e ns o r
a t m i r e c t s e t i n i t (& s e n s o r s ) ;
f o r ( i =0; i <4; i ++) {

a t m i r e c t s e t a d d (& s e ns o r s , i ) ;
a t m i r e c t s e t i n i t (&domain [ i ] ) ;

}
/ / s e n s o r s 0 and 1 t h r o t t l e r e c t a n g l e s 0 and 1
a t m i r e c t s e t a d d (&domain [ 0 ] , 0 ) ;
a t m i r e c t s e t a d d (&domain [ 0 ] , 1 ) ;
a t m i r e c t s e t a d d (&domain [ 1 ] , 0 ) ;
a t m i r e c t s e t a d d (&domain [ 1 ] , 1 ) ;
/ / s e n s o r s 2 and 3 t h r o t t l e r e c t a n g l e s 2 and 3
a t m i r e c t s e t a d d (&domain [ 2 ] , 2 ) ;
a t m i r e c t s e t a d d (&domain [ 2 ] , 3 ) ;
a t m i r e c t s e t a d d (&domain [ 3 ] , 2 ) ;
a t m i r e c t s e t a d d (&domain [ 3 ] , 3 ) ;
/ / compute warm−up power d e n s i t y
a t m i s t e a d y t h r o t t l e (&p , 4 , rc ,& s e ns o r s , domain ,90−35 ,q ) ;

Once the thermal simulator is initialized withatmi simulator init, each call to the following function
simulates a time-step :

void a t m i s i m u l a t o r s t e p ( a t m i s i m u l a t o r * t s ,
double q [ ] / * power d e n s i t y * / ) ;

where parameter q[] is the power density in each rectangle during this particular time-step. After each
execution ofatmi simulator step, the temperature at each sensor is stored in the arraytemperature[]of the
atmi simulatorstructure, that is,ts.temperature[i]gives temperature at theith sensor.

The example at the beginning of Section 4.2 could be treated as follows :

double a = 0 . 0 0 1 ; / / source l e n g t h
double q = 3e6 ; / / power d e n s i t y
double d u r a t i o n = 0 . 0 0 1 ; / / power i s on f o r 1 ms
a t m i s i m u l a t o r t s ;
a t m i r e c t r c [ 1 ] = {{−a /2 ,−a / 2 , a / 2 , a / 2}} ;
double q0 [ 1 ] = {0} ; / / s t a r t w i th n u l l t e m pe r a t u r e (= ambient )
double qvar [ 1 ] = {0} ;
a t m i r e c t s e t s e n s o r s ;

a t m i r e c t s e t i n i t (& s e n s o r s ) ;
a t m i r e c t s e t a d d (& s e ns o r s , 0 ) ;

a t m i s i m u l a t o r i n i t (& ts ,NULL,&p , 1 e−4 ,1 , rc ,& s e ns o r s , q0 ) ;
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wh i le ( t s . t <= 0 . 0 1 ) {
p r i n t f ( ”%f %f \n” , t s . t , t s . t e m p e r a t u r e [ 0 ] ) ;
qvar [ 0 ] = ( t s . t < d u r a t i o n ) ? q : 0 ;
a t m i s i m u l a t o r s t e p (& ts , qvar ) ;

}

a t m i s i m u l a t o r f r e e m e m (& t s ) ;

The function

void a t m i s i m u l a t o r f r e e m e m ( a t m i s i m u l a t o r * t s ) ;

permits freeing the dynamically allocated memory (it should be used if we want to re-initialize the same
thermal simulator).

5 ATMI validation

The validation of ATMI consisted mainly in validating the mathematical solution. Having an exact mathe-
matical solution to a boundary-value problem does not guarantee the accuracy of the numerical evaluations
on a computer (numerical integration, truncation of infinite sums, etc...). Several examples are provided in
the ATMI package, that serve to validate the implementation:

• The programexample Goh.c reproduces the results published in the appendix of reference [6]

• The programexample Xu.c reproduces some of the results published in [11]

• The programexample Fisher reproduces Figure 3 in reference [4]

6 ATMI limitations

If there are not too many rectangles and sensors, ATMI is generally faster than traditional numerical methods
like finite-differences or finite-elements. However, the speed and ease-of-use of ATMI was obtained by
sacrificing generality. The main approximation in ATMI is that coming from the model itself, described in
Section 1. In particular ATMI does not model chip edges. Moreprecisely, it is assumed that layer 1 width
equals layer 2 width, that is,L. For example, to model a2 cm × 2 cm chip with a10 cm-wide heat-sink,
parameterL must be set to0.1. The chip dimensions are ignored. One advantage is that the user does not
need to worry about the origin when specifying rectangle coordinates. What matters is the relative position
of rectangles. However, the user must be aware of this limitation of ATMI.

Another limitation is the number of layers in ATMI, i.e., twolayers (or four, considering that conduc-
tancesh1 and h2 simulate thin layers). Also, the heat-sink fins are not modeled explicitly, but with an
effective heat-transfer coefficienth2 (this simplification is commonly used when modeling temperature in
microprocessors [11, 5]). Another limitation is the linearapproximation coming from fixed thermal charac-
teristics for silicon. These are not the only approximations in ATMI (among others : ignoring the heat path
from the chip pins to the board, assuming a constant and uniform ambient temperature, etc...).
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7 Advanced use

With a little physical intuition, it is possible to adapt themodel to situations that depart from the strict ATMI
model.

The ATMI package provides a few examples of this. The programexample Xu.c reproduces results
of [11]. However, the physical system modeled in [11] does not fit exactly the ATMI model. The system
modeled in [11] features more layers than ATMI, and the heat-sink base features a vapor chamber. Never-
theless, the results output byexample Xu.c are reasonably close to those published in [11]. The presence
of the vapor chamber allows to define an isothermal plane whose temperature equals the total power times
the heat-sink thermal resistance. We use this temperature as if it were the ambientTamb, and we add to it the
relative temperature numbers given by ATMI. Layers that exceed the number of layers in the ATMI model
are collapsed in a single infinitely thin layer modeled with parameterh2.

The programexample Goh.c shows that neglecting the chip dimensions has little impacton tempera-
ture, provided the measure point is not too close to a chip edge. However, this may not be the case if the
measure point is close to an edge.

The programexample chipedges.c in the ATMI package gives the steady state temperature at thecenter
of a square source on a1 cm× 1 cm chip. The chip and packaging dimensions are given on Figure 2. Other
ATMI parameters arek1 = 120W/mK, k2 = 400W/mK andh2 = 200W/m2K.

We consider 3 possible source dimensions,1mm, 2mm and3mm square side, 3 possible source lo-
cations, center, edge, and corner (cf. Figure 3), and 3 different values for the interface material thermal
conductivity,ki = 1, 3, 10W/mK. The power dissipated by the source is constant and equal to2W what-
ever the source dimensions. Figure 5 shows the temperature obtained with ATMI (example chipedges.c)
and that obtained with the finite-element tool FF3D [2] (the mesh was generated withgmsh[1]).

For ATMI, we simulated the chip edges as described in Figure 4. When the source is located at the
chip center, we use directly the temperature given by ATMI, as we are far from chip edges. However, when
the source is located close to an edge, temperature in the source is underestimated by ATMI. The method
used inexample chipedges.c is based on the method of images [3]. By adding a source image,we create a
symmetry that forces the heat flux to be parallel to the plane corresponding to the chip edge, which simulates
the presence of an edge (see Figure 4). However, if we computethe temperature contribution from the image
source using the normal value ofh2, we increase the global heat-sink temperature, which is notwhat a chip
edge is supposed to do (a local modification of the geometry ormaterial characteristics generally has little
impact on temperature at remote locations). Instead, we compute the image source contribution using a very
large value forh2. This way, the contribution we compute is mainly due to the chip edge. This intuitive
method is approximative.. Nevertheless, as can be seen on Figure 5, it gives a good estimation of the impact
of edges.

This method was not implemented as an ATMI function. We do notfeel chip edges are a fundamental
constraint. If one is doing research to solve a severe temperature problem, it should be possible to assume
that the chip floorplan can be reorganized to put high power-density regions away from edges, or that the
chip can be enlarged to have a strip of non-dissipating silicon around. Still, if one wants an approximate
estimation of the impact of chip edges, one can manipulate ATMI core functions as illustrated in program
example chipedges.c.
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Figure 2: Example chip and packaging.
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Figure 3: Square source at different locations on the chip.
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Figure 4: How one can simulate chip edges with ATMI : compute temperature as if there were no edges,
then seth2 → ∞, add extra sources (method of images), and add the resultingtemperature to the previous
value.
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Figure 5: Temperature at the source center, for different source dimensions (1mm, 2mm, 3mm square
side), different source locations (center, edge, corner),and different values of the interface material thermal
conductivity (ki = 1, 3, 10W/mK). Comparison between ATMI (examplechipedges.c) and the finite
element tool FF3D.
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