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Microelectronics Heat Transfer LabMicroelectronics Heat Transfer Lab

• Established in 1984 within the Department of
Mechanical Engineering

• Research and development related to heat transfer
and other thermodynamic phenomena

• Fully funded through industrial and
governmental grants and contracts

• Staff includes:
• 2 faculty members, 1 retired faculty member
• 7 graduate students
• 2 post doctoral fellows, 1 research engineer
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Collaborative Research PartnersCollaborative Research Partners
•• Telecommunications /Telecommunications /

Networking /Networking /
Electronics CoolingElectronics Cooling
•• Nortel NetworksNortel Networks
•• AlcatelAlcatel
•• IBMIBM
•• Sun MicrosystemsSun Microsystems
•• CelesticaCelestica
•• MotorolaMotorola
•• Seiko EpsonSeiko Epson
•• NikonNikon
•• ATSATS
•• R-ThetaR-Theta
•• RaytheonRaytheon

•• Industrial / AutomotiveIndustrial / Automotive
•• FordFord
•• W.E.T. Automotive SystemsW.E.T. Automotive Systems
•• SiemensSiemens
•• DupontDupont

•• Research InstitutesResearch Institutes
•• NRCNRC
•• Oakridge National LaboratoriesOakridge National Laboratories
•• AECLAECL

•• Granting AgenciesGranting Agencies
•• NSERCNSERC
•• MMOMMO
•• CMAPCMAP
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Thermal Issues in Optoelectronic PackagingThermal Issues in Optoelectronic Packaging

•• Typical Typical ““butterflybutterfly”” (Level 1) package (Level 1) package
•• Precise temperature control at laser required,Precise temperature control at laser required,
•• Spreading resistance in laser Spreading resistance in laser submountsubmount and optical and optical

bench (substrate)bench (substrate)
•• Thermal contact resistance at Thermal contact resistance at submountsubmount, TEC joints, TEC joints
•• TEC efficiencyTEC efficiency
•• Heat sink optimization for cooling of TECHeat sink optimization for cooling of TEC

Thermo-electric cooler

Support
systems

Submount
Laser Fiber in metal ferrule

Optical bench Rae, A. and Gedney, R.
NEMI’s Effort to Make Optoelectronics Manufacturing Mainstream
SMTA, Nov. 13 – 15, 2001

C°± 5.0
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Research Areas and CapabilitiesResearch Areas and Capabilities
•• Thermal contact resistanceThermal contact resistance

•• Thermal interface materials, thermal compoundsThermal interface materials, thermal compounds
•• Phase change materialsPhase change materials
•• Metallic layersMetallic layers

•• Thermal spreading resistanceThermal spreading resistance
•• Analytical modelingAnalytical modeling
•• Thermal conductivity measurements, materialsThermal conductivity measurements, materials

characterizationcharacterization
•• Heat sink optimizationHeat sink optimization

•• Forced convection air cooled heat sinksForced convection air cooled heat sinks
•• Liquid cooled cold platesLiquid cooled cold plates
•• Heat pipe enhanced heat sinksHeat pipe enhanced heat sinks
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Thermal Contact ResistanceThermal Contact Resistance
•• Experimental measurementsExperimental measurements

•• Thermal joint resistanceThermal joint resistance
•• In-situ thicknessIn-situ thickness
•• Thermal conductivityThermal conductivity

•• Thermal interface materialsThermal interface materials
•• Polymeric layersPolymeric layers
•• Thermal greases, compoundsThermal greases, compounds
•• Phase change materialsPhase change materials
•• Metallic foils, solderMetallic foils, solder

•• Analytical model developmentAnalytical model development
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TIM Test ApparatusTIM Test Apparatus
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Analytical Model DevelopmentAnalytical Model Development

•• Models developed from physically-based analysisModels developed from physically-based analysis
•• Input variablesInput variables

•• GeometryGeometry
•• Thermal propertiesThermal properties
•• Mechanical propertiesMechanical properties
•• Surface characteristicsSurface characteristics

•• Easy to implementEasy to implement
design toolsdesign tools
•• Excel spreadsheetsExcel spreadsheets
•• Web-based applicationsWeb-based applications
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Spreading ResistanceSpreading Resistance

•• Homogeneous,Homogeneous,
multilayered substratesmultilayered substrates

•• Multiple discreteMultiple discrete
sourcessources

•• Analytical modelingAnalytical modeling
•• Numerical simulationNumerical simulation
•• Excel spreadsheetExcel spreadsheet

design tooldesign tool
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Heat Sinks and Cold PlatesHeat Sinks and Cold Plates
Experimental measurementsExperimental measurements

•• Wind tunnelWind tunnel
•• Liquid cooling test apparatusLiquid cooling test apparatus
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Heat Sink / Cold Plate OptimizationHeat Sink / Cold Plate Optimization

•• Air cooled heat sinksAir cooled heat sinks
•• Plate, pin fin heat sinksPlate, pin fin heat sinks
•• Flow by-passFlow by-pass
•• Spreading resistanceSpreading resistance

•• Optimization by entropyOptimization by entropy
generation minimizationgeneration minimization
(EGM) analysis(EGM) analysis
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Web-based Optimization ToolWeb-based Optimization Tool
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Thank youThank you
For more information contact:For more information contact:

Dr. J. Richard Dr. J. Richard CulhamCulham, Director, Director
Microelectronics Heat Transfer LaboratoryMicroelectronics Heat Transfer Laboratory

Department of Mechanical EngineeringDepartment of Mechanical Engineering
University of WaterlooUniversity of Waterloo

Waterloo, ON     N2L 3G1Waterloo, ON     N2L 3G1
(519) 888-4567 x3839(519) 888-4567 x3839

rix@mhtlab.uwaterloo.carix@mhtlab.uwaterloo.ca


