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Outline of presentation
• Background 

• Theory of heat transfer and thermal interface materials

• Experimental plan, equipment and surface polishing methods

• Results and discussion

• Conclusions
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Background 
• One of the main limitations is the 

heat dissipation
• High thermal resistance over 

interfaces
• Surface roughness is one of the 

most important factors for the 
thermal resistance

• Promising solution: Vertically 
aligned graphene enhanced 
thermal interface materials
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Background – Smart High Tech 

• Based on research by Prof. Johan Liu at Chalmers 
University research graphene enhanced thermal interface 
materials are made in Gothenburg, Sweden.

• Typical applications are for IC, optoelectronics, and other 
electronics cooling.

• Throughout this presentation, Smart High Tech product 
GT50 was used, having a bulk thermal conductivity of 50 
W/mK with orthotropic characteristics as shown in fig 1. 
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Fig 1: GT50
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Heat transfer between solids: Theory
• Thermal conduction ∝ 𝑘𝛻𝑇
𝑘஺௟ ≈ 240 W/mK
𝑘஼௨ ≈ 400 W/mK
𝑘ௌ௜ ≈ 150 W/mK
𝑘௔௜௥ < 0.1 W/mK
Conduction through air pockets 
neglected
• Thermal radiation ∝ 𝑇ସ

Low at application temperatures
• No convection in steady state
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Thermal interface material (TIM)
• Main purpose is to increase contact area

𝑅௧௛ ൌ 𝑅஼ଵ ൅ 𝑅்ூெ ൅ 𝑅஼ଶ

BLT=Average thickness of TIM𝑅்ூெ ൌ
𝐵𝐿𝑇
𝑘்ூெ
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Types of TIMs

• Thermal grease
• Thermal pads
• Phase change materials
• Gels
• Thermal Conductive adhesives
• Solders
• Liquid metals
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Thermal package

CHIP

IHS
HEAT SINK

TIM 2

TIM 1
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Vertically aligned graphene enhanced TIMs 
(GT-TIM )

GT-TIM
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Measuring the thermal interface resistance

• ASTM D5470
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Measure the thermal interface resistance
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Experimental plan
GT-TIM

Surface measurement
The effect of surface roughness on the thermal performance of vertically aligned graphene 
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ASTM D5470 apparatus measurements 
• Pressures: 20, 50, 100, 200, 

400, 700, 1000 kPa
• 5 min under pressure
• Power: 30W
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Surface roughness evaluation
• Surface profiler - Wyko NT 1100
• Vertical scanning interferometry (VSI)
• 20 nm gold coated before
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Chemical Mechanical Polishing (CMP)
• 10 min polishing 
• Very low pressure
• 50 RPM
• 1-2 drops/s
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Tested product parameters
• The product tested was the GT50
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Temperature dependence
• 5, 10, 15, 20, 25, 30, 35 and 40W
• 30 W used for the rest of the measurements ≈ 40 ° C
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Thermal interface resistance vs Surface roughness
• Below 100 kPa, there are clear 

indications that surface 
roughness decreases 
performance

• Above 400 kPa, no indications 
that surface roughness has any 
effect
Remarks:
- Different batches (Blue/Red)
- Surface roughness measured after ASTM 

D5470 (1000 kPa) compression
- Large variation ±18% in original thickness
- Small area measured (10 mm in diameter)
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Impact from Chemical Mechanical Polishing
• Thermal interface resistance increases after CMP
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CMP
• ASTM D5470 destructive
• No significant difference 
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Conclusions
• Destructive bonding method when using CMP
• Large uncertainty of surface roughness and BLT measurements
• GT-TIM (GT50) is not surface roughness dependent for pressures above 400 

kPa
• GT-TIM is strongly surface roughness dependent for pressures below 100 KPa
• CMP method used in this work decreases the performance
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