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OutlineOutline

• Introduction
– types of contacting surfaces
– types of non-flat surface contacts

• Objectives
• Model development

– spreading resistance
– gap resistance

• Sample calculation of joint resistance
• Summary
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Introduction: Problem DescriptionIntroduction: Problem Description

• Steady heat transfer at interface formed by contact 
between silicon chip and metallic heat sink

• Mechanical contact between two non-conforming, rough 
surfaces

Interface Material

Silicon Chip

Ceramic Substrate

Heat Sink
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Introduction: Types of ContactsIntroduction: Types of Contacts
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Introduction: NonIntroduction: Non--Flat SurfacesFlat Surfaces

• Contacting surfaces can be concave or convex
• Three possible non-flat surface combinations:

• Large variations in contact areas, gaps and 
thermal joint resistance models
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ObjectivesObjectives

• Develop analytical joint resistance model for 
metallic heat sink on silicon chip
– non-conforming (convex/convex), smooth surfaces
– elastic contact
– gap filled with gas or liquid

• Assumptions:
– heat sink modeled as baseplate with effective uniform 

heat transfer coefficient
– all edges adiabatic
– negligible radiative heat transfer across interface
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Model DevelopmentModel Development

• Joint resistance

• Rectangular cross sections transformed to equivalent 
circular disks:

• Radii of curvature for convex contacting surfaces:
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Model DevelopmentModel Development

• Contact radius from Hertz elastic contact model:
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Spreading ResistanceSpreading Resistance

• Total spreading (constriction) resistance:

• Dimensionless spreading resistance:
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Spreading ResistanceSpreading Resistance

• Function of boundary condition at contact area:
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Spreading Resistance Spreading Resistance --CalculationsCalculations

• Three calculation alternatives for spreading resistance:

– solve general equations with computer algebra system, such 
as Maple or Mathematica

– Web-based caculation tools available at:
http://www.mhtl.uwaterloo.ca
http://www.idealanswers.com

– Correlation for infinitely long flux tube limit, 72.0>τ
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Gap ResistanceGap Resistance
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• Elemental flux tube:

• Local gap thickness for small deformations:

• Gas parameter:
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Gap ResistanceGap Resistance

• Total gap heat transfer:

• Average gap conductance:

• Local gap temperature drop:
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Gap Resistance Gap Resistance -- SolutionsSolutions

• For light contact loads where           , assuming              
gives simple, closed form solution:

• For liquid or grease in gap:                               
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Computation ProcedureComputation Procedure
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SummarySummary

• Models developed for thermal joint resistance for 
non-conforming, smooth hemispherical surfaces

• Joint resistance consists of spreading and gap 
resistances connected in parallel

• Gap resistance model developed for various gases, 
liquids or greases

• Example provided of contact between a silicon 
chip and an aluminum heat sink
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