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Thermal Performance of CNT TIMs ([,
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Thermomechanical Performance CNT TIMs
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Extract Effective Thermal Conductivity (k.¢) and ) e,
Thermal Contact Resistance (TCR)
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Distance into CNT TIM (pm)
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Bulk and Contact Resistance Contributions  (M&s=.
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CNT and CNT/Petal TIMs ) .

Raman
CNT TIM
Material D band (em™) |G band (em™) |I(D)/I(G) ratio
' CNT ~1350 ~1585 ~0.8-1.6
24 Graphene ~1350 ~1585 ~0-0.2
|{|CNT ~1340 1590 1.43
CNT-graphene |~1340 1590 0.41
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CNT/Petal Mechanical Deformation ([@Es.
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CNTs versus CNT/Petals
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TIMs at Elevated Temperatures

= Thermal interface materials (TIMs) provide a
means of decreasing TCR by filling the gaps
between asperity contacts

= Thermal greases 10
= Elastomeric materials i/laiyc?;eleaarfé IS cJ$|Zf
= Solders 10+ Trans, 5(2), 2014. |,
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1D Steady State Experimental System .

= ASTM D470-06 standard
= Key features

= Housed in vacuum chamber
to eliminate convective
losses (10 uTorr)

Ball joint '\

Load cel

= Au electroplated shield
mitigates radiative losses

Heder Heg#€r 1
5{.

= 14 thermocouples (7 per
HFM) plus additional for
monitoring other locations
of the system

Sample 1

Radiation shield

=  Maximum interface
temperature of 900 K

Sample 2

=  Maximum interface
pressure for %2” diameter
heat flux meters (HFMs): 8
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CNT and CNT/Petal TIM Comparison® .

Test Sequence: Ramp up to 450°C at lowest pressure, perform mechanical cycles,
then ramp down to 150°C at highest pressure
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Forensic Observations ) i,

Before Test Before Test




Estimation of Contact Area for
CNT/Petal TIM
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Contact area ratio = 10%
Reduction in TR = 20%

This analysis does not account for contact in the z-direction



Concluding Remarks ) i,

= CNTs offer moderate thermal performance for low
temperature applications

= Performance limited by varies factors
= Contact area (humber and size of CNT-to-substrate contacts)
= Effective thermal conductivity (defects, CNT-to-CNT contacts)
= Thermomechanical effects

= CNTs with graphitic petals opens a new avenue for CNT TIM
engineers
= Denser
= Higher thermal conductivity
= Stiffer mechanical response
= Need to develop methods to flatten petals at interface with opposing
substrate
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Estimation of CNT Height From NI [@&.
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