
6/25/09 Microelectronics Heat Transfer Lab 
University of Waterloo 

 Page 1 



6/25/09 Microelectronics Heat Transfer Lab 
University of Waterloo  

 Page 2 



6/26/09 Microelectronics Heat Transfer Lab 
University of Waterloo  

 Page 3 



6/25/09 Microelectronics Heat Transfer Lab 
University of Waterloo  

 Page 4 



6/25/09 Microelectronics Heat Transfer Lab 
University of Waterloo  

 Page 5 

T j Q 

T 

R hs 

R j 

R s 

R s 

R s 

R b 

heat sink conduction 
and convection 

joint resistance at  
heat sink attach 

spreading resistance  
at heat sink attach 

spreading / constriction  
resistance in package  

substrate and interconnects 
spreading resistance  

 in board 

board conduction 
and convection Flip Chip with Heatsink 

C4 Interconnect 
Silicon Chip Thermal Interface 

Heatsink 

Heatsink 
Thermal Interface 

C4 Chip w/ Underfill 
C4 Interconnect 
Silicon Chip 
Thermal Compound 

BGA with Heatsink 

Section 1 

Section 3 

Section 2 

Section 4 

∞ 

T ∞ 



6/25/09 Microelectronics Heat Transfer Lab 
University of Waterloo  

 Page 6 



oC/W Order Case 1 Case 2 
Rbulk L-1 0.08  8 

Rcontact L-2 14 1.4x105 

Rspreading L-1(L-2) 9.2 922 (9x104) 

Rboundary L-2 40 4x105 
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Case 1: k=20 W/mK, t=2 mm, r1=20 mm, r2= 2 mm, h = 20 W/m2K 

Case 2: k=20 W/mK, t=0.02 mm, r1= 0.2 mm, r2= 0.02 mm, h = 20 W/m2K 

scale by factor of 0.01 
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•  Circular and rectangular  
substrates 

•  Single and multi-layers 
•  Finite, semi-infinite  

and infinite flux tubes 
•  Circular, strip and rectangular  

sources 
•  Isoflux, Parabolic, Equivalent 

 Isothermal sources 
•  Edge cooling 
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 Plate Fin H.S.    Pin Fin H.S. 

 Radial Fin H.S.   Specialty H.S. 
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Entropy generation minimization model 

•   select maximum working volume 

•  assign values to fixed parameters 

•  click calculate to determine optimum 
    value for free parameters 

•  can be up to 9 free parameters 

•  determines true, simultaneous  
   optimum value for all free parameters 

•  solution procedure is applicable for 
   any thermodynamic system 
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Pulsating Heat Pipe 

Conventional Heat Pipe 
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Illustrations courtesy of Thermacore  
and Advance Cooling Technologies 

     - http://www.1-act.com/ 
     - http://www.thermacore.com/ 
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www.espressomilkcooler.com  

Electrical Power In 
Heat Transfer 

•  electric current driven through a Bismuth-Telluride junction 
•  heat absorbed at the cold junction and released at the hot junction 
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Heat Sink 

TIM 2 

Silicon Die Substrate 

TIM 1 

Heat Spreader 

Embedded TEC in Package 
•  Reduces effect of non-uniform heat transfer 

•  Cools hot spot by 5-15°C 

2.5 mm x 2.5 mm 
100 µm thickness 
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CMAP Workshop on Thermal Issues 

Objectives

Overview

 mechanical models combine the effects�
    of plastic deformation at the microscopic �
    level with elastic deformation at the �
    macroscopic level 

 develop  thermo-mechanical models for 
   predicting contact resistance in real �
   surfaces with microscopic roughness and�
   waviness
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Heater 

Load Thermal Interface Testing 
•  steady state test 
•  prescribed interface pressure 
•  prescribed heat load 
•  measure temperature drop across the interface 
•  measure heat load with flux meters 
•  measure interface thickness with laser extensometer 
•  k = (Q x t)/(A x  [T1 – T2]) 
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Questions? 


