Enhancement of thermoelectric properties in in-plane Graphene/BN structures
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Abstract
In spite of the remarkable advantage of excellent electron transport properties [1,2], graphene has two
major drawbacks with a view to thermoelectric applications. First, this material is a gapless semimetal,
which makes difficult to separate the opposite contributions of electrons and holes to the Seebeck
coefficient. Second, it exhibits very high lattice thermal conductivity [3]. Different strategies of
nanostructuring have been suggested to open a bandgap, enhance the Seebeck coefficient and reduce
the thermal conductivity of graphene, and finally to achieve good values of thermoelectric figure of merit
ZT (see review [4]). In the simple case of a graphene ribbon, the highest ZT value achievable at room
temperature is about 0.35 for a very narrow armchair ribbon with 3 dimer lines (MCC = 3) along the width.
Here, taking advantage of the fact that recently a novel form of a hybrid monolayer material of graphene
and Boron Nitride has been synthesized successfully [5,6], we propose a new structure of graphene/BN,
as schematized in Fig 1, expected to enhance thermoelectric performance. By means of atomistic
simulation of electron and phonon transport, we show that the phonon conductance is strongly reduced
in this structure because of high scattering at the edges and at graphene/BN interfaces. Additionally, a
good power factor is achieved thanks to the bandgap opening in the graphene/BN regions. These
combined results lead to a significant enhancement of ZT. In Fig 2, we plot ZT as a function of chemical
potential for a structure of graphene width MCC = 5. A peak ZT as high as 0.81 at room temperature is
obtained for a chemical energy µ = 0.41 eV, and ZT = 1.48 is even reached if three vacancies are
introduced in the channel (not shown). It is remarkable that such high value can be obtained at relatively
low and quite accessible chemical energy.
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Fig 1: Studied structure with BN flakes attached to a
graphene ribbon in the channel. We define nBN as the
number of BN/G/BN sections in the active region.
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Fig 2: Figure of merit ZT as a function of chemical
potential for different values of nBN. The structure
parameters are MCC = 5, MBN = 9, NVC = NBN = 8.
Simulation was performed at T = 300 K.

