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“Thermal Interface Materials (TIMs) with functional fillers
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[ FLEXNGATE ) Thermal Interface Materials \“)

Need for Thermal Interface Materials (TIM):
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[ FLEXNGATE ) Thermal Interface Materials \“’

The two critical criteria for a TIM:

« High Thermal conductivity (K) (lower resistance)

* Proper elastic modulus (fill the gap between both surfaces) with lower contact
resistance (R).

Heat source

R = BLT/K

Organic TIMs Inorganic TIMs
Grease/Thermal pads/Phase change materials Copper/Indium

Low Resistance High Resistance
Low Thermal Conductivity High Thermal Conductivity
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( FLEXNGATE ) Carbon based TIMs 4

Carbon Based TIMs:
« Carbon Nanotubes (CNT)
« Graphene/ 3D Graphene

CNT Graphene

Factors affecting TIM performance:
« Path length
« Carrier mobility (charge carriers)
« Thermal conductivity
* Thickness
 Interfaces (contact)
 Domain size
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( FLEXNGATE ) Graphene

Merits:

« Excellent in-plane thermal conductivity (in plane ~ 5300 W/mK)
 Lightweight

* Flexible

Demerits:
* Thru-plane conductivity is low usually (single layer)

Graphene as filler for polymer based TIMs:

* Improved TC of polymer by 20-30 times.

« Thermal performance better than CNTs for same filler fraction.
« Better than Epoxy, grease and phase change materials.
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( FLEXNGATE ) Graphene

Processing of Graphene.:

Alignment of Gr:

« Multilayer graphene has to be aligned in an effective way to reduce resistance.

« Various processes includes infiltering epoxy and creating magnetic field to align
graphene.

Dispersion:

« Uniform dispersion is required to boost the performance.

« Higher filler loading would yield in higher conductivity but also looses mechanical
properties.

« Optimal filling offers more flexibility

Sizing and layers:

« TC of epoxy increases with increasing layers of graphene.

« Lot of processing is required to use graphene as filler due to its electrical
conduction.
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( FLEXNGATE ) Graphene

3D - Graphene:
« Graphene materials that form 3D networks or structures, rather than just individual

sheets.
« Offer advantages like high surface area, porosity, and tunable properties.

Macroscopic Microscopic
* Foam * Powder

* Aerogel

e Sponges
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FLEXNGATE ) Challenges ‘

Challenges:
* Improve thru-plane by maintaining flexibility.

* Long-term reliability for harsh conditions — ageing and thermal shock tests.

« Controlling electrical conductivity.
* Low-cost and large-scale manufacturing for various applications.
« 3D Graphene — has potential but need more studies.
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THANK YOU

Certain sections of this presentation contain forward-looking statements which are based on our expectations, estimates, projections and assumptions and are made pursuant to safe harbor provisions of applicable law. These statements are not guarantees of future performance and

involve certain unpredictable risks and uncertainties.

The contents of this presentation are the property of Flex-N-Gate group companies and subject to change in part or in whole without notice. The text, images, graphics, layout and information on this presentation are copyrighted by the Flex-N-Gate group. The trademarks, trade names,
service marks, and corporate logos and emblems displayed here either belong to Flex-N-Gate Automotive, Inc. or one of our affiliates, or belong to third parties and have been used with their permission. All contents copyright, 2006. All rights reserved.
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