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Introduction

Graphite as a very anisotropic material

Bulk thermal conductivity at 300 K:
- a-axis (basal plane): ~2000 W/m.K
- c-axis: ~6 W/m.K
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Introduction

« Graphite thin film as thermal management material

graphite sheet

Heat sink FLG heat spreader
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Drain Gate Source
SiO,

SiC substrate

Yan et al. Nat. Commun. 3:827 (2012)
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Introduction

« Thickness effect on basal plane heat transport:
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BTE solution with
empirical potential

Thermal conductivity converges after ~5 atomic planes.



Introduction

« Thickness effect on basal plane heat transport:
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Introduction

« Thickness effect on basal plane heat transport: theoretical modeling
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Weak thickness effect on basal plane heat transport due to
small c-axis MFP.
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Introduction

« Analysis and motivation
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Introduction

« Aim of the present work

v' Semi-analytical modeling of basal plane heat transport along
graphite thin film with finite thickness by BTE-Callaway’s model with
ab initio input.

v" Thickness and surface roughness effect on heat transport in graphite
thin film.
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Methodology
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« Phonon BTE under Callaway’s dual relaxation model
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Methodology

« The semi-analytical solution
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Methodology

« Determination of drift velocity: quasi-momentum conservation
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Methodology

« Integral equation of the drift velocity
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Methodology

« Heat flux calculation
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Results and Discussions

« Model validation
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Ref. MC: Lietal. JAP, 2022 (MC solution of BTE with full scattering term)
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Results and Discussions

* Thickness effect: SMRT vs. Callaway model

- - SMRT s=0
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The SMRT approximation underestimates the size effect from
st finite thickness.
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Results and Discussions

« Surface roughness effect: SMRT vs. Callaway’s model
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Results and Discussions

« Underlying mechanism
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Conclusions

v' A semi-analytical BTE model for basal-plane heat transport along
graphite thin film with finite thickness

v Significant thickness and surface roughness effects, which are much
underestimated by the SMRT model

v' The underlying mechanism comes from the strong size effect on the
phonon drift motion.
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