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logiques. Cependant, la contrainte thermique et les distorsions ont eu une importance 

majeure pour le choix de la technologie à utiliser pour le type de packaging 

Ainsi, nous avons utilisé la méthode des éléments finis (FEM) pour décrire le 

comp011ement thermique des sources de la chaleur au niveau du layout et des bus de 

données placées dans la cavité du boîtier. Les mesures de température qui vont être 

effectuées sur le démonstrateur WSI au niveau des sources permettront la modélisation de 

tout le boîtier. Cela, va nous permettre d'établir une cartographie thermique la plus 

homogène. De cette façon nous allons s'assurer d'effectuer le dégagement de chaleur 

effectif au sein du processeur. 

Ainsi, il s'agit donc de placer les parties sur la même ligne isotherme, de 

manière à respecter une symétrie axiale par rapport à la source de chaleur. Toutefois, il 

n'est pas toujours possible de placer les blocs appairés exactement en milieu isothetme, 

tout en satisfaisant en même temps aux autres contraintes. Cependant, les blocs appairés 

doivent être placés de telle façon que la dégradation de performance provoquée par leurs 

différences de température, reste dans les limites des spécifications. 

Pour cette étude nous nous sommes intéressés à l'emplacement et à 

l'optimisation des sources de chaleur sur la structure du processeur et l'influence de 

chaque source pour le régime permanent et transitoire. En effet, les isothermes sont 
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parfaitement régulières donnant une répartition de température homogène pour différents 

scénarios d'allumage des bus donnés et la distribution spatiale de température résultante. 

De plus cette partie de l'investigation thermique est cruciale puisque nous 

sommes intéressés à contrôler le gradient thermique dans la zone LOGIC. En effet, cela 

est dû au fait que les fuites dans les transistors MOS double à chaque variation de 10 oC. 

Pour obtenir ces objectifs nous avons passé par la détermination de type de packaging et 

le mode de refroidissement. 

Alors que la troisième partie de l'étude portait sur l'étude de la contrainte 

thermique et des distorsions dans la package surtout au niveau des boules de soudure. 

Afin d'effectuer cette étude, nous avons utilisé les résultats de la partie thermique en 

tenant compte des différents paramètres. Le modèle développé permet de simuler la 

distribution spatiale de la contrainte thermique dans le processeur WSI. 

Les techniques de caractérisation pelformantes mises en œuvre et les modèles 

thermomécaniques développés au cours de ce mémoire sont transférables à d'autres types 

de packaging et sont utilisables pour le pré-développement industtiel des processeurs à 

hautes performances. 

Étude de la dynamique thermique dans un processeur massif parallèle à haut niveau de débit 



Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

RÉFÉRENCES 110 

RÉFÉRENCES 
[1] Ahmed LAKHSASI " Étude de la contrainte thermique et distorsions transitoires dans le 

masque SiC-W en utilisant la méthode des éléments finis" thèse doctorat 1995 

[2] Cheristopher.J et al "A Simulation Study of IC Layout Effects on Thermal Management of 

Die Attached GaAs ICs", IEEE Trans, on components and packaging Technologies, Vol 23, No 

2, June 2000. 

[3] Corinne P et al "Anal y tic Modeling, Optimization, and Realization of Cooling Devices in 

Silicon Technology", IEEE Trans, on components and packaging Technologies, Vol 23, No 4, 

June 2000. 

[4]Janieki M, et al "Appliction of inverse Heat conduction Problem Solution with Error 

Correction to Estimation ofIC Temperature ", 3rd THERMINIC Workshop Cannes sep 1997. 

[5] Charles A.Happer " Electronie Packaging And interconnection Handbook "McGraw-Hill 

Handbooks 

[6] The VLSI Package - An Analytical Review. »Edward T.Lewis. IEEE Trans. Components 

and Manufacturing Technology. VOL CHMT-7, N°2, June 1984. 

[7] system plus S.A 

[8] Thermal Stress - Free Package for Flip Chip Deviees. Masanobu KOHARA, Muneo 

HATTA, Hideki GENJYO, Hiroshi SHIBATA, Hidefumi NAKATA. 

IEEE Trans. Components and Manufacturing Technology. VOL CHMT-7, N°4, Dec 1984. 

[9] Thermal Modeling and Experimental Characterization of the C4/Smface-Mount-Array 

Interconnect Technologies. » Masanobu KOHARA, Muneo HATTA, Hideki GENJYO, 

Hiroshi SHIBATA, Hidefumi NA KATA. IEEE Trans. Components and Manufacturing 

Technology. VOL CHMT-18, N°l, March 1995. 

[10] NISA TI "user's manual " EMRC Michigan 

[11] Qfin2.1 "user' manual 

[12] Ahmed Lakhsasi " note de cours". GEl 6030. Conception assistée par ordinateur en 

éléctrothermie industrielle. Avril 1997. Chaire.UQTR. CRSNG. 

[13] F. Kreith, Il Transmission de la chaleur et thermodynamique ", Masson 1967. 

Étude de la dynamique thermique dans un processeur massif parallèle à haut niveau de débit 



Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

RÉFÉRENCES 111 

[14] Filicori, F; Bianco, C Guarino Lo, "A Simplified Thermal Analysis Approach for Power 

Transistor Rating in PWM-Controlled DC/AC Converters", IEEE Transactions on Circuits and 

Systems - Part l - Fundamental Theory and Applications, 1998, v.45, n.5, p.557, lOp. 

[15] Szekely, V, "THERMODEL: A tool for compact dynamic thermal model 

Microelectronics Journal, 1998, v.29, n.4, p.257, 12p. 

generation" , 

[16] Szekely, V, "A new evaluation method of thermal transient measurement results", 

Microelectronics Journal, 1997, v.28, n.3, p.277, 16p. 

[17] Mitter, Chang Su; Hefner, Allen R; Chen, Dan Y; Lee, Fred C, "Power Electronics 

Devices and Components Committee: Insulated Gate Bipolar Transistor (lGBT) Modeling 

Using IG-Spice", IEEE Transactions on Industry Applications, 1994, v.30, n.l, p.24, lOp. 

[18] Hefner, A R; Blackburn, D L, "Thermal Component Models for Packaging and 

Manufacturing Technology" IEEE Trans. on Power Electronics - Pmt A, 1994, v.17, n.3, pA13, 

12p. 

[19] Clemente, S, "Transient Thermal Response of Power Semiconductors to Short Power 

Pulses", IEEE Transactions on Power Electronics, 1993, v.8, nA, p.337, 5p. 

[20] J.W.Sofia, "Analysis of Thermal Transient Data with Synthesized Dynamic Models for 

Semiconductor Devices", Proceedings of the tenth SEMI-THERM conference, pp 78-85, San 

José, USA (1994). 

[21] F.Chlistiaens, B.Vandevelde, E.Beyne and J.Roggen " Evaluation of structural 

degradation in packaged semiconductor components using a transient thermal characterisation 

technique", Microelectron, Reliab., Vo1.36, No. 11112, pp. 1807 1810, 1996. 

[22] NISA II " user's manual " EMRC Michigan 1994. 

[23] J.P.Holman," Heat transfert", seven edition, McGraw-Hill1990. 

[24] J.P. Nougier " Méthodes de calcul numérique" Ed. Masson, 1987. 

[25] André Bazerqui et auteur "Résistance des matériaux" Édition de l'école polytechnique 

de Montréal 1993 

[26] Kenneth G.B udinski et auteur "Engineering materials properties and selection" Prentice 

Hall 1999 

[27] Pat L. Mangonon "Materials Selection for engineering design" Prentice Hall 1999 

Étude de la dynamique thermique dans un processeur massif parallèle à haut niveau de débit 



Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

ANNEXE 1: NOUVELLE APPROCHE POUR LA DÉTERMINATION DE h Fcollv eq 
112 

Mixed Fluid-Heat Transfer Approach for VLSI Steady State Thermal Analysis 

M. Bougataya(a,c), A. Lakhsasi (a) ,Y .Savaria(b) and D. Massicotte (c) 

(a) Department of Computer Science, Université du Québec à Hull, Hull, (PQ) 18X-3X7. 
(b) Department of Electrical and Computer Science École Polytechnique de Montréal, Montréal (PQ) H3T-117. 

(c) Laboratory of signals and integrated systems, Université du Québec à Trois-Rivières, Québec, G9A 5H7, Canada. 

Abstract: 
During the development of the integrated circuits the 
thermal design aspect is crucial for their safe operation. 
The problem of the junction overheating remains a major 
obstacle in front the most required performances of the 
electronic systems: increase of the speed operation and 
the components miniaturization. In both cases those 
results by junction overheating and associated induced 
higher thermal stress. The design of a reliable large and 
powerful processor requires the whole device coupled 
fluid-heat transfer thermal analysis from junction to 
ambient. In this case, device electrothermal behavior is 
principally influenced by geometry package, junction 
structure, and physical heat sources distribution. This 
paper presents a mixed fluid-heat transfer approach for 
thermal analysis of large VLSI (Ver)' Large Scale 
Integration) devices. In this case, estimation of equivalent 
convection coefficient has become the major issue for 
device junctiol1 to ambient thermal analysis. Based on the 
FEM (Finite Element Method) the approach combines 
fluid flow and heat transfer mechanism to predict, in 
general, working temperature of IC (Integrated Circuit). 
ln addition, the effect of power density, position, heat sink 
characteristics, du ring thermal response is investigated. 
The new approach developed can be used for accu rate 
rating of semiconductor devices or heat sink systems 
du ring large ASIC(Application Specific Integrated 
Circuit) circuit design. Results comparison between 
proposed approach and traditional method shows that 
this approach is effective as a designing step. 

Index Terms- Thermal analysis, Heat transfer,junction 
tempe rature, VLSI, Finite Element. 

1- INTRODUCTION 

As the processor speed believes and the integration 
peripheral increases, the chip power increases. Thermal 
management becomes an increasingly significant part of 
the system design and for their correct operation. The 
final thermal constraint is the silicon temperature, which 
generally indicated under the name of the junction 
temperature, remains a major obstacle in front of the 
most required integrated circuits performances. The 
miniaturization, the power packing and the commutation 

frequency of the electronic components are the principal 
obstacles, which slow down their development. Thus, 
increase in the thermal peaks, and the thermal residue 
accumulation from one cycle to another results in the 
appearance of a thermal constraint in to dynamic mode, 
which limits their development and the realization of 
new powerful processor. We know that the dynamic 
behavior of the electronic components is completely 
different from the static mode. 
In addition, another emerging devices currently named 
micro electro mechanical systems (MEMS), which are 
expected to expand quickly, require specific packaging 
techniques, which have to take into account the heat 
dissipation constraints [2]. 
In this paper, the estimation of junction temperature of 
WSI (Wafer Scale Integration) device has become the 
major issue with the increase of the power density and 
high switching frequency. This investigation uses a 
thermal heat sources emplacement approach to estimate 
and predict working temperature of WSI chip junction. 
Based on different scenarios, the heat sources placement 
considering the junction temperature is introduced. 
Then the finite element analysis is used ta accurate peak 
junction temperature prediction needed during dynamic 
operating of WSI. In addition, the effect of heat source 
placement during steady state thermal response is 
investigated. The approach developed can be used for 
WSI accurate rating and appropriate selection of heat 
sink systems for safe cooling. 
Therefore, accurate thermal junction analysis is of 
crucial importance in the design of WSI device due to 
the increasing of local power density and higher power 
requirement. 
Hence, a major feature of the thermal problem is the 
need to simulate a very large region of the device and 
substrate; in fact the package geometry often needs to 
be taken into account. The simultaneous solution of the 
three-dimensional (3-D) electro thermal problem is 
therefore difficult due to the need for very fine meshing 
of the device equations at the junctions and a need for a 
large simulation region to produce an accurate thermal 
simulation [1]. 

II - HEA T TRANSFER ANAL YSIS 

In analyzing the heat transfer problem in the le, it is 
important to consider the effect of the proximity heat 
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sources. We consider a three-dimensional body (junction), 
of volume V and bounded by the surface area S. We 
assume that the material obeys Fourier's law of heat 
conduction; 

dT 
q =-K. ax (1) 

or in component form: 

{q}_{ku k}.y kn} Jrlax 
qy kyX kyy k yZ % (2) 

qz . kz,r kZy k zz dTlaz 
where qi is the rate of heat flow conducted per unit area in 
the direction i, K is the thermal conductivity tensor for the 
material (Eqn. 2 assumes anisotropic material behavior), and 
dT / ax is the temperature gradient vector in Cartesian 
coordinates. 

In the material principal directions, Eqn. (2) 
reduces to the diagonal form 

(3) 

or simply, 
dT 

qn = -kn· an (4) 

The thermal conductivity matrix in Eqn. (2) may be 
obtained from that in Eqn. (3) by simple second order tensor 
transformation as 

KA)lZ = fI" KI,2,3 T 
where T is the second arder transformation tensor between 
the two sets of axes x,y,z and 1,2,3. It is noted that the 
princip le of irreversible thermodynamics shows that the 
tensor K has ta be symmetric. If the material is homogenous 
and isotropic (case of the IC materials), then: 

kxy = kyz = kw and 
kxx = kyy = kzz = k 

Assuming that the thermal conductivity k does not vary 
over the length L=xrxh Equation reduces to: 

!1T = TI -Ti =Qk..L 
kA 

Where L\T=Tz-T, is the temperature difference along the 
length L and A is the cross-section area of medium 
normal ta the heat flow path in m2

. 

The thermal resistance, ca be defined as: 

R=k R=!1T 
kA ' Qk 

As show in Fig 2, a heat source producing Qk watts is 
mounted on a block attached to a heat sink that is at a 
constant, uniform temperature T Beat sink . the temperature 
of the heat source in this configuration can be caIculated 
from the following: 

T Heat source = T Heat sink + R + Qk 
The temperature difference, L\T , is difference between 

the heat source and heat sink temperatures [4] 

!1 T = T Heat source-T Heat sink. 
(4) 

T Beat source 

R t L\T 

T Beatsink 

Figure 2: I-D Statie thermal model 

III. JONCTION PACKAGE THERMAL 
NETWORK 

Before boarding heat dissipation level inside integrated 
circuit, it is necessary ta define ail the factors and the 
thermal parameters needed for this study, (figure 3). 

Tjonction 

Substrate 

Figure 3: Electrical analogies from junction to heat sink. 

The equivalent thermal resistance REquiv is: 
REquiv = R,+R2+R3+R4+R S 

where: 
R, :thermal resistance of die 
R2 : thermal resistance of die attach 
R3 : thermal resistance of substrate 
R4 : thermal resistance of substrate attach 
Rs : thermal resistance of package 
Tj :junction temperature 
Theat sink :heat sink temperature 
In addition, bad control of the temperature within 

processor can damages it or it can cause a degradation 
of its performance, especially reducing thermal cycle. 
So that the maximum power indieated by the 
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manufacturer must be respected at any moment during 
the operation of the device. It is known that a ri se in too 
significant temperature of semiconductor material can 
destroy the crystal lattice. The calories developed inside 
the crystal must be evacuated outside by means of the 
case and of the heat sink, the maximum temperature of 
Tjmax junction is a parameter, which always appears in 
the notes; the device in steady state should never reach 
it. It is only in the case of an overload that one admits a 
going beyond of Tjmax. Usually, the maximum 
temperature of Tjmax junction is limited between 100 
and 150 oC, due to the instantaneous thermal constraint 
induced in the junction region. 

IV. THERMAL BOUNDARY CONDITIONS 

One of the most problematic issues in creating compact 
thermal models is to use an appropriate set of boundary 
condition for generating "data" with a detailed finite 
element model, representing the thermal envelope of the 
application of interest. The thermal analysis depends on 
the following: 
-the cooling option applied , 
-the location/vicinity and powers of its heat dissipating 
neighbors, 
-the thermal conductivity of the printed circuit board and 
used material: PCB, heat sink, package, substrate and 
heatspreader. 

Adiahatic 

Adiahatic 

Heat flux 
(Source power 
Surface density) 

cooling 

Heat source 

Adiahatic 

Figure 4: Junction thermal boundary condition (BC) 

In this study we use NISA (Numerical Integrated 
Elements for System Analysis) finite element program 
to predict junction thermal behavior of WSI device. 
A wide variety of boundary conditions can be applied 
using NISA. However, the boundary condition on the 
vertical sides of the simulation region is somewhat 
problematic. Placing a fixed boundary condition on 
these surfaces produces a dramatically inconect result, 
unless a very large simulation region is used at the 
expense of very long simulation run times. A more 

natural boundary condition is a zero flow condition 
across these surfaces (adiabatic boundary conditions). 
The remaining boundary condition to be defined is on 
the bottom surface of the simulation representing the 
chip/package interface. The simplest approach is to fix 
the bottom surface at a constant temperature 
representing the package temperature. 
ln order to solve thermal equations, the boundary 
conditions must be defined. Because, in ICs, the silicon 
die is relatively thin, heat flows mainly towards the 
bottom, so the boundary conditions in both horizontal 
directions can be considered as adiabatic ones. The 
uniform heat removal at the bottom is modeled by heat 
flux exchange coefficient h [W/m2*K]. The power 
dissipated in heat sources, placed at the die top surface, 
is modeled by heat flux coming into the die. The 
problem description is presented in figure 4. 
For determination of the equivalent forced convection 
coefficient on the junction level there are two steps to 
follow: 
The first step use Qfin software (thermal fluid analysis) 
to determine the temperature of the junction with a 
known forced convection coefficient and heat sink 
configuration. The second step use NISA to obtain the 
same temperature obtained with new equivalent forced 
convection coefficient 

V. THERMAL FLUID ANALYSIS 

ln this part Qfin is used to compute thermal equivalent 
fOl'ced convection coefficient, which is then used to 
solve the assembly configuration. The calculation of the 
heat transfer coefficient is in turn dependant on the type 
of convection that the assembly is subjected to, as well 
as the ambient conditions. 
Hence, equivalent forced convection coefficient is used 
as an input to complete thermal B.e. 

Ô 80 
'ài' 70 

.!! 60 
Il: 50 
CI) 

5 40 

~ 30 

8. 20 
E la 
~ O+---~--~--~--~--~--~--~~ 

° 10 20 30 40 50 60 70 BO 

power Dlsslpated (Watts) 

Figure5: AAVID_61540 heat sink with different forced 
convection coefficient h1=5w/m2*c, h2=10w/m2*c and 
h3=20w/m2 *c applied in l6mmx20mm source. 
Moreover, this approach is used for thermal design of 
WSI to respect internai signal traffic parameters. 
Therefore, the upper limits on operating conditions (i.e., 
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power density distribution) can be directly expressed in 
terms of a given upper limit on die junction temperature. 
Rence, this thermal investigation is based on power loss 
density distribution (thermal cartography) combined 
with steady state finite element analysis to predict spatial 
thermal behavior at different location in the WSI 
structure. 

VI. NUMERICAL HEAT TRANSFER ANALYSIS 

NISA is a sophisticated, commercially available 3-D 
FEM simulator that has the ability to simulate time­
dependent and steady state 3-D nonlinear thermal 
systems. NISA is an integrated environment, in which a 
2-D or 3-D model can be constructed and meshed, 
boundary conditions set and the resulting nonlinear set 
of equations solved. The tool includes a sophisticated 
DIS PLA y 4 to aid in building the model and displaying 
the results. 

Figure 6: Finite element mesh and temperature map for 
16mmx20mm source 

To illustrate the complexity of heat flow in device 
junction region Fig6: shows device 3-D spatial 
temperature distribution. The heat is shown as being 
generated in a well-defined region at the device junction. 
A portion of heat flows into the substrate spreading in 
3-D dimensions as it flow toward the bottom of the 
substrate which is a device heat sink , 

FOl·ced convection 
Coefficient h 5 10 20 

W/m2* Oc 
Temperature with 39.44 35.57 33.11 

Qfin 
Temperature with 39.45 35.56 33.10 

NISA 
Equivalent forced 4650 6550 8725 

convection coefficient 

h~col!v W/m2* oC 

Table 1 
Comparison between deferent parameter with fluid and 

heat transfer analysis 
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Figure 7: Evolution of equivalent forced coefficient 

h~col!v with power dissipated at different h. 

Rence, figure show the evolution of equivalent forced 

coefficient h~crJ/1V with power dissipated at different h 

representing thermal exchanges with ambient 
environment. Therefore thermal analysis is done for 
same source (area) at different power level. Rence, 
another significant case occurs when the surface 
change, that is the goal of the second investigation. 
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Figure 8: evaluation of Temperature rise with source 
surface for h =20W/m2* oC 
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Figure 9: evaluation of heat sink resistance with source 
surface for h =20W/m2* Oc 
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Figure 10: evaluation of equivalent forced convection 

ff- - 1 Fconv - h coe IClent 1eq representlOg t ermal exchanges with 

ambient environment for h =20W/m2* oC. 

VII. RESULT AND DISCUSSION 

The results give a general idea of 
equivalent forced convection 

hFcol!v . 
'eq representlOg thermal exchanges 

evaluation of 
coefficient 

with ambient 

environment according simultaneously to the power 
dissipated and processor surfaces, and this also depends 
on type of package and heat sink. 
A major feature of WSl thermal problem is the need to 
simulate a very large region of the device and substrate; 
in fact the package geometry often needs to be taken into 
account. 
Hence, the cost of the thermal management of WSl 
device depends heavily upon the efficiency of the chip 
design. Hence, heat sources spatial distribution has the 
significant effect on the WSl device operation. 
These investigations are very useful for the package 
design engineer and can help him to pre vent unexpected 
pitfalls. These investigations allow an accurate 
prediction of the temperature distribution in a package 

,and help to keep localized thermal peak occurring in 
different packaging designs to a minimum. 

VIII. CONCLUSION 

In this paper, we present mixed fluid-heat transfer 
approach for VLSI steady state thermal analysis used to 
analyze lC problem. In this analysis, the temperature of 
chip is determined for typical packages and power level 
using fIuid boundary conditions to evaluate equivalent 
convection coefficient to be applied as a junction BC's. 
This is an important capability because the co st of the 
thermal management of electronic systems depends 
heavily upon the efficiency of the circuit design and 
because the self-heating of the semiconductor devices 
can affect the operation of the electronic circuit. This 
approach has also been developed to simulate the 
steady- state large-power thermal lC response using both 
NlSA and Qfin simulators. It is shown that the thermal 

response of the silicon chip depend on ifs physical 
proprietary. The thermal response of the device package 
with AA VID_61540 heat sink determines the device 
temperature rise during steady state. 

Modern computational techniques such as finite element 
simulations are useful tools for the package design 
engineer and help to prevent unexpected pitfalls. These 
simulations allow an accurate prediction of the 
temperature distribution in a package and help to keep 
thermomechanical stresses occurring in different 
packaging designs to a minimum. Consequently the 
design engineer is able to optimize the geometry and the 
choice of materials of a package even before prototypes 
are built. This greatly reduces development time and 
increases the quality of the product. 

Thermal management becomes an increasingly 
significant part of the design of system and for their 
correct operation. This paper presented practical result 
to determine equivalent forced convection coefficient 

1 Fcollv . h h d" 1eq Wlt t at we can stu y and IOvestJgate several 

thermal and thermomechanical problems in the package. 
Moreover, junction thermal analysis is crucial for 
temperature control, spatial thermal gradient, and 
thermal stress induced. Hence device thermo­
mechanical behavior prediction is the major issue for 
safe operation starting from the first step of design of 
the IC. 
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**** NISA file: DISPLAY VERSION - 9.0.1 **** 

** This NISA file is written out qy DIS PLA Y-III FEA program 

** AlI ** lines are comment cards except lines with ** _DISP3_: 

** labels which have special meanings and retained in NISA file 

** for compatibility with DISP3 database. PIs do not modify them 

**** 

* *EXECUTIVE data deck 

ANALYSIS = SHEAT 

BLANK COMMON = 133217 

SOLV=FRON 

FILE = tmbga 

SAVE = 26,39 

lJFIJ =0,0,1,1.0 

*TITLE 

thrmo-mechanical modelling 

*ELTYPE 

1, 102, 1 

*N'ODES 

1"" O.OOOOOE+OO, O.OOOOOE+OO, O.OOOOOE+OO, 0 

2"" 6.50000E+02, O.OOOOOE+OO, O.OOOOOE+OO, 0 

3"" O.OOOOOE+OO, 1.00000E+02, O.OOOOOE+OO, 0 

4"" 6.50000E+02, 1.00000E+02, O.OOOOOE+OO, 0 

6"" 7.50000E+02, O.OOOOOE+OO, O.OOOOOE+OO, 0 

8,,,, 7.50000E+02, 1.00000E+02, O.OOOOOE+OO, 0 

Il,,,, O.OOOOOE+OO, 2.00000E+02, O.OOOOOE+OO, 0 

12"" 6.50000E+02, 2.00000E+02, O.OOOOOE+OO, 0 
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16"" 7.50000E+02, 2.00000E+02, O.OOOOOE+OO, ° 
19"" O.OOOOOE+OO, 3.00000E+02, O.OOOOOE+OO, ° 
20"" 6.50000E+02, 3.00000E+02, O.OOOOOE+OO, ° 
24"" 7.50000E+02, 3.00000E+02, O.OOOOOE+OO, ° 
27"" O.OOOOOE+OO, 4.00000E+02, O.OOOOOE+OO, ° 
28"" 6.50000E+02, 4.00000E+02, 0.00090E+00, ° 

* ELEMENTS 

1, 1, 1, 1, ° 
1, 2, 4, 3, 

2, 1, 1, 2, ° 
2, 6, 8, 4, 

3, 1, 1, 1, ° 
3, 4, 12, 11, 

4, 1, 1, 2, ° 
4, 8, 16, 12, 

5, 1, 1, 1, ° 11, 12, 20, 19, 

6, 1, 1, 2, ° 
12, 16, 24, 20, 

7, 1, 1, 1, ° 
*MATHEAT 

DENS, 1,0, 0,3.3"",0 

KXX, 1,0, 0,0.033"",0 

KYY, 1,0, 0,0.033"",0 

KZZ, 1,0, 0,0.033"",0 

C , 1,0, 0,1.1"",0 

DENS, 2,0, 0,8.46"",0 

KXX, 2,0, 0,0.05"",0 

KYY, 2,0, 0,0.05"",0 
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KZZ, 2,0, 0,0.05"",0 

C , 2,0, 0,0.957"",0 

DENS, 3,0, 0,2.33"",0 

KXX, 3,0, 0,0.15"",0 

KYY, 3,0, 0,0.15"",0 

KZZ, 3,0, 0,0.15"",0 

C , 3,0, 0,0.712"",0 

DENS, 4,0, 0,1.66"",0 

KXX, 4,0, 0,0.065"",0 

KYY, 4,0, 0,0.065"",0 

KZZ, 4,0, 0,0.065"",0 

C , 4,0, 0,1.672"",0 

DENS, 5,0, 0,2.7"",0 

KXX, 5,0, 0,0.16"",0 

KYY, 5,0, 0,0.16"",0 

KZZ, 5,0, 0,0.16"",0 

C , 5,0, 0,0.96"",0 

DENS, 6,0, 0,1.66"",0 

KXX, 6,0, 0,0.0003"",0 

KYY, 6,0, 0,0.0003"",0 

KZZ, 6,0, 0,0.0003"",0 

C , 6,0, 0, 1.672",~,0 

*HEATCNTL, ID= 1 

1O,1,1,1.0E-3 

*ELHEATGEN 

** ELHEATGEN, SET = 1 

75, 1.20600E-06 

76, 1.20600E-06 

77, 1.20600E-06 

78, 1.20600E-06 
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79, 1.20600E-06 

80, 1.20600E-06 

81, 1.20600E-06 

82, 1.20600E-06 

83, 1.20600E-06 

84, 1.20600E-06 

147, 1.20600E-06 

148, 1.20600E-06 

149, 1.20600E-06 

150, 1.20600E-06 

151, 1.20600E-06 

152, 1.20600E-06 

153, 1.20600E-06 

154, 1.20600E-06 

155, 1.20600E-06 

156, 1.20600E-06 

219, 1.20600E-06 

220, 1.20600E-06 

221, 1.20600E-06 

222, 1.20600E-06 

223, 1.20600E-06 

224, 1.20600E-06 

225, 1.20600E-06 

226, 1.20600E-06 

227, 1.20600E-06 

228, 1.20600E-06 

291, 1.20600E-06 

*CONVBC 

** CONVBC, SET = 1 

37",3,-1, 
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0.700E-05,0.250E+02 

42",3,-1, 

0.700E-05,0.250E+02 

109",3,-1, 

0.700E-05,0.250E+02 

0.700E-05,0.250E+02 

18330",3,-1, 

0.700E-05,0.250E+02 

18397",3,-1, 

O. 700E-05 ,O.250E+02 

18402",3,-1, 

0.700E-05,0.250E+02 

18469",3,-1, 

0.700E-05,O.250E+02 

18474",3,-1, 

0.700E-05,0.250E+02 

18541",3,-1, 

0.700E-05,0.250E+02 

18546",3,-1, 

0.700E-05,0.250E+02 

18613",3,-1, 

0.700E-05,0.250E+02 

0.700E-05,0.250E+02 

* ENDDATA 
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**** NISA file: DISPLA y VERSION - 9.0.1 **** 
** This NISA file is written out by DISPLAY-III FEA pro gram 
** All ** lines are comment cards except lines with **_DISP3_: 
** labels which have special meanings and retained in NISA file 
** for compatibility with DISP3 database. PIs do not modify them 
**** 
**EXECUTIVE data deck 
ANALYSIS = STATIC 
BLANKCOMMON= 133217 
SOLV=FRON 
FILE = tmbga1 
SAVE =26,27 
*TITLE 
thnno-mechanical modelling 
*ELTYPE 

1, 2, 1 
*NODES 

1"" O.OOOOOE+OO, O.OOOOOE+OO, O.OOOOOE+OO, 0 
2"" 6.50000E+02, O.OOOOOE+OO, O.OOOOOE+OO, 0 
3"" O.OOOOOE+OO, 1.00000E+02, O.OOOOOE+OO, 0 
4"" 6.50000E+02, 1.00000E+02, O.OOOOOE+OO, 0 
6"" 7.50000E+02, O.OOOOOE+OO, O.OOOOOE+OO, 0 
8"" 7.50000E+02, 1.00000E+02, O.OOOOOE+OO, 0 
Il,,,, O.OOOOOE+OO, 2.00000E+02, O.OOOOOE+OO, 0 
12"" 6.50000E+02, 2.00000E+02, O.OOOOOE+OO, 0 
16"" 7.50000E+02, 2.00000E+02, O.OOOOOE+OO, 0 
19"" O.OOOOOE+OO, 3.00000E+02, O.OOOOOE+OO, 0 
20"" 6.50000E+02, 3.00000E+02, O.OOOOOE+OO, 0 
24"" 7.50000E+02, 3.00000E+02, O.OOOOOE+OO, 0 
27"" O.OOOOOE+OO, 4.00000E+02, O.OOOOOE+OO, 0 
28"" 6.50000E+02, 4.00000E+02, O.OOOOOE+OO, 0 
32"" 7.50000E+02, 4.00000E+02, O.OOOOOE+OO, 0 
35"" O.OOOOOE+OO, 5.00000E+02, O.OOOOOE+OO, 0 

*ELEMENTS 
1, 1, 1, 1, 0 
1, 2, 4, 3, 
2, 1, 1, 2, 0 
2, 6, 8, 4, 
3, 1, 1, 1, 0 
3, 4, 12, 11, 
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4, 
4, 
5, 
11, 
6, 
12, 
7, 

19, 
8, 

20, 

1, 
8, 
1, 
12, 
1, 
16, 
1, 

20, 
1, 
24, 

1, 2, 0 
16, 12, 
1, 1, 0 
20, 19, 
1, 2, 0 
24, 20, 
1, 1, 0 

28, 27, 
1, 2, 0 
32, 28, 

9, 1, 1, 1, 0 
27, 28, 36, 35, 
10, 1, 1, 2, 0 
28, 32, 40, 36, 
11, 1, 1, 1, 0 
35, 36, 44, 43, 
12, 1, 1, 2, 0 

*MATERIAL 
EX, 1,0, 1.00000E+20, 
EY, 1,0, 1.00000E+20, 
EZ, 1,0, 1.00000E+20, 
NUXY, 1,0,2.50000E-Ol, 
NUXZ, 1,0,2.50000E-Ol, 
NUYZ, 1,0,2.50000E-01, 
DENS, 1,0,3.30000E+00, 
ALPX, 1,0,8.00000E-07, 
ALPY, 1,0,8.00000E-07, 
ALPZ, 1,0,8.00000E-07, 
EX, 2,0,1.70000E+19, 
EY, 2,0,1.70000E+19, 
EZ, 2,0, 1.70000E+ 19, 
NUXY, 2,0,4.00000E-Ol, 
NUXZ, 2,0,4.00000E-01, 
NUYZ, 2,0,4.00000E-01, 
DENS, 2,0, 8.46000E+00, 
ALPX, 2,0, 2.1 0000E-05, 
ALPY, 2,0, 2.10000E-05, 
ALPZ, 2,0, 2.1 0000E-05, 
EX, 3,0,1.31000E+20, 
EY, 3,0,1.31000E+20, 
EZ, 3,0,1.31000E+20, 
NUXY, 3,0,3.00000E-01, 
NUXZ, 3,0,3.00000E-01, 
NUYZ, 3,0,3.00000E-01, 
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DENS, 3,0,2.33000E+00, 
ALPX, 3,0, 2.80000E-06, 
ALPY, 3,0,2.80000E-06, 
ALPZ, 3,0, 2.80000E-06, 
EX, 4,0,1.60000E+19, 
EY, 4,0,1.60000E+19, 
EZ, 4,0, 1.60000E+ 19, 
NUXY, 4,0,2.50000E-Ol, 
NUXZ, 4,0,2.50000E-Ol, 
NUYZ, 4,0,2.50000E-Ol, 
DENS, 4,0, 1.66000E+00, 
ALPX, 4,0, 1.50000E-05, 
ALPY, 4,0, 1.50000E-05, 
ALPZ, 4,0, 1.50000E-05, 
EX, 5,0,7.00000E+19, 
EY, 5,0,7.00000E+19, 
EZ, 5,0,7.00000E+19, 
NUXY, 5,0,3.30000E-Ol, 
NUXZ, 5,0,3.30000E-Ol, 
NUYZ, 5,0,3.30000E-Ol, 
DENS, 5,0,2.70000E+00, 
ALPX, 5,0, 2.24000E-05, 
ALPY, 5,0, 2.24000E-05, 
ALPZ, 5,0, 2.24000E-05, 
EX, 6,0,2.60000E+19, 
EY, 6,0,2.60000E+19, 
EZ, 6,0,1.10000E+19, 
NUXY, 6,0,1.10000E-Ol, 
NUXZ, 6,0,3.90000E-Ol, 
NUYZ, 6,0,3.90000E-Ol, 
DENS, 6,0, 1.66000E+00, 
ALPX, 6,0, 1.50000E-05, 
ALPY, 6,0, 1.50000E-05, 
ALPZ, 6,0, 5.20000E-05, 
*LDCASE, ID= 1 
0,1,1,0,-1,2,0 

*SPDISP 
** SPDISP, SET = 1 

229,UX , O.OOOOOE+OO"""" 0 
229,UY , O.OOOOOE+OO"""" 0 
229,ROTX,0.00000E+00",,,,,, 0 
229,ROTY, O.OOOOOE+OO"""" 0 
230,UX , O.OOOOOE+OO"""" 0 
230,UY , O.OOOOOE+OO,,,,,,,, 0 
230,ROTX, O.OOOOOE+OO"""" 0 
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230,ROTY,O.OOOOOE+OO"""" 0 
286,UX , O.OOOOOE+OO"""" 0 
286,UY ,O.OOOOOE+OO,,,,,,,, 0 
286,ROTX, O.OOOOOE+OO"""" 0 
286,ROTY, O.OOOOOE+OO"""" 0 
522,UX , O.OOOOOE+OO,,,,,,,, 0 
522,UY , O.OOOOOE+OO"",,,, 0 
522,ROTX, O.OOOOOE+OO"""" 0 
522,ROTY, O.OOOOOE+OO"""" 0 
578,UX , O.OOOOOE+OO"""" 0 
578,UY , O.OOOOOE+OO"""" 0 
578,ROTX, O.OOOOOE+OO"""" 0 
578,ROTY, O.OOOOOE+OO"""" 0 
810,UX ,O.OOOOOE+OO"""" 0 
810,UY ,O.OOOOOE+OO"""" 0 
810,ROTX, O.OOOOOE+OO"""" 0 
810,ROTY, O.OOOOOE+OO"""" 0 
866,UX , O.OOOOOE+OO"""" 0 
866,UY , O.OOOOOE+OO"""" 0 
866,ROTX, O.OOOOOE+OO"""" 0 
866,ROTY, O.OOOOOE+OO"""" 0 

5706,ROTX, O.OOOOOE+OO"""" 0 
5706,ROTY, O.OOOOOE+OO"""" 0 
5762,UX , O.OOOOOE+OO"""" 0 
5762,UY , O.OOOOOE+OO"",,,, 0 
5762,ROTX, O.OOOOOE+OO"",,,, 0 

58291,ROTY,O.OOOOOE+OO"""" 0 

63078,ROTX, O.OOOOOE+OO"""" 0 
63078,ROTY, O.OOOOOE+OO"""" 0 
*READ,tmbga39.dat 
*ENDDATA 
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ANNEXE IV: RÉSULTAT DE LA DÉTERMINATION DU RADIATEUR 

Électronique de Packaging 
Simulation en 3-D ( 1 ) la puissance dissipée uniformément pour 

tout la structure 

Radiateur Pin fin avec aluminium 

m 

1 
~~U 

! 

~H 

'11) 

",. 

Vue Isométrique vue en bas 

Vue de gauche vue a droite 
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Rapport de la simulation de radiateur avec Rjs=O.Ol Co/W 

Assembly 
General 

Filename 
Description 

Heat sink 
Profile 
Branches 
Blocks 
Elements 

: Hperchip Packaging 1 
: New assembly 

: heat sink 
: 71 

: 209 
: 29051 

Materials : aluminium 
Surface color : 0,46 
Length : 200,000 mm 
Orientation : Base horizontal with fins upwards 
Extrusion type : Pin fins - evenly spaced 
Number of pins : 70 
Width of pin gaps : 0,862 mm 
Width of pins : 2,007 mm 
Average fin height : 20,000 mm 
Average fin thickness : 2,007 mm 
Average gap size : 0,862 mm 

Ambient Conditions 
Air temperature : 25,00 C 
Surrounding wall temp : 25,00 C 
Ambient pressure : 101,325 KPa 

Convection Details 
Convection type : Known heat transfer coefficient 
Radiation included : Yes 
Heat transfer coeff. : 100,00000 W/m A 2 K 

Solution 
Heat source 1 
Description : principal 
Dimensions : 150,000 x 150,000 mm 
Location : Centered at 100,302,100,302 mm 
Orientation : Horizontal 
Average load : 1400,00 Watt 
Base temperature : 57,17 C (32,17 C ab ove ambient) 
Junction temperature : 71,17 C 

Heat sink 
Thermal resistance : 0,019 C/W 
Maximum thermal resistance : 0,023 C/W 
Temperature avg. thermal resis. : 0,013 C/W 
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Efficiency (t) : 0,75697 
Average temperature of heat sink : 43,28 C (18,28 C above ambient) 
Heat sink surface area : 0,87074720 m"2 
Effective heat sink surface area : 0,84824720 m"2 
Approximate heat sink mass : 1,60506 kg 

Rapport de la simulation de radiateur avec Rif=O. 1 Co/W 

Assembly 
General 
Filename : Hperchip Packaging 1 
Description : New assembly 

Convection Details 
Convection type 
Radiation included 
Heat transfer coeff. 

Solution 
Heat source 1 

: Known heat transfer coefficient 
: Yes 

: 100,00000 W/m"2 K 

Description : sourcel50x150 
Dimensions : 150,000 x 150,000 mm 
Location : Centered at 98,158,99,444 mm 
Orientation : Horizontal 
Average load : 1400,00 Watt 
Base temperature : 57,18 C (32,18 C above ambient) 
Junction temperature : 197,18 C 

Heat sink 
Thermal resistance : 0,019 C/W 
Maximum thermal resistance : 0,023 C/W 
Temperature avg. thermal resis. : 0,013 C/W 
Efficiency (t) : 0,75676 
Average temperature of heat sink : 43,28 C (18,28 C above ambient) 
Heat sink surface area : 0,87074720 m"2 
Effective heat sink surface area : 0,84824720 m"2 
Approximate heat sink mass : 1,60506 kg 
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Simulation en 3-D ( II ) la puissance dissipée uniformément pour 
entre deux région une chaud et l'autre froid ut la structure 

Radiateur Pin fin avec aluminium 

)'3) 

Vue Isométrique 

Vue de gauche vue a droite 
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Rapport de la simulation de radiateur avec R~=O.Ol Co/W 

Solution 
Heat source 1 
Description : source75x150 
Dimensions : 150,000 x 75,000 mm 
Location : Centered at 98,587,62,373 mm 
Orientation : Horizontal 
Average load : 1400,00 Watt 
Base temperature : 79,67 C (54,67 C above ambient) 
Junction temperature : 93,67 C 

Heat source 2 
Description : source75x150 
Dimensions : 150,000 x 75,000 mm 
Location : Centered at 98,158,137,422 mm 
Orientation : Horizontal 
Average load : 10,00 Watt 
Base temperature : 34,41 C (9,41 C above ambient) 
Junction temperature : 34,51 C 

Heat sink 
Thermal resistance : 0,019 C/W 
Maximum thermal resistance : 0,039 C/W 
Temperature avg. thermal resis. : 0,013 C/W 
Efficiency (1) : 0,54805 

130 

Average temperature of heat sink: 43,67 C (18,67 C above ambient) 
Heat sink surface area : 0,87074720 mA 2 
Effective heat sink surface area : 0,84832358 mA 2 
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TAULE 1: AISiC Mntt'ri .. 1 Pmpcrth.'s Ct,mplu'\'d with COllllllun P"clm:;:ing, Substrntl' 
and IC "lith.'I'ials. 

Si 
(,uAs 

AlSiC-7 

AISiC-9 
AISiC-JO 

K(lVar 
(Nî-I .... è) 

CuW 
( 10-2(1);, ('li) 

Commun 
:\Jatcrial 

lISl' 

le 
1(' 

])ackaeing 

Paàaging 

P<lcbging 

C'u1\(o Pacbging 
( 15-20'l{lMü! 

Cu Paeka.l!ing 
AI Packal!ing 

SiC Substmkl 
AIN Substrat..: 

Alumina Substratc 
Bcrvllia Substrat..: 

DNlsit\' 
(gicmf ) 

5.13 
.l.O 
.tu 
J.O 
3.00 
:),1 

15.7-17.0 

2,7 

.~,9 

CTE 
PIHIl!O 

11S-1S0°C) 
4.2 
6.5 

6.90' 
7.63 
8.26 
l).89 
5.2 

I-X 

lUI 
23.6 

11H.' l'Ina 1 
Cundudivjly 

(\V/mK) 
151 
54 
l~O 

180 
ISO 
165 

1 1 - 17 

1:-:0 - '200 

160 - 17(1 

200 - 270 
170-200 
20 - 30 

250 

Hl'IHI 

Stn'll1!th 
l'{)la) 

!I\/A 
450 

1 1'72 

33U 
J 37-20ü 

450 
300 

Youn)!':.. 
'Iodulll~ 

(CPat 
Il'::: 

lU7 
175 
\lA 

DI 

415 
310 
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