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Carrier mobility is a key physical quantity to judge if a material is suitable to serve as a 

transport channel. Although mobility is affected by many external factors, such as surface 

roughness, defects, and substrates, mobility could be improved by a better synthesis 

process. However, the intrinsic mobility, limited by phonon from the material itself, is the 

optimal value that could be achieved. 

 

By solving explicitly Boltzmann transport equation beyond relaxation time approximation, 

namely taking into account all possible electron-phonon events, we investigated the 

intrinsic mobility of graphene, carbon nanotubes (CNT), and graphene nanoribbons (GNR). 

By comparing CNT and graphene [1], we demonstrate under which condition, the mobility 

of 1D CNT would approach 2D graphene. The way to approach the mobility of graphene, 

depends on the chirality, carrier density of CNT, as well as the temperature. 

 

The recent success to synthesize an ordered array of pores in graphene by a bottom-up 

approach yields semiconducting nanoporous graphene with a bandgap of 0.6 eV [2]. We 

investigated the intrinsic carrier mobility in this new type of two-dimensional material [3]. We 

show that carriers are mostly scattered by acoustic phonons, approximately like in 

semiconducting carbon nanotubes. The carrier mobility shows strong anisotropy and is as 

high as 800 cm2/(Vs) at low carrier density. Such high mobility, together with symmetric 

properties of electrons and holes, suggests that porous graphene is a promising candidate 

for the next generations of complementary field-effect transistor technology. 

 

For GNR [4], the intrinsic mobility is considerably influenced by the presence of spin-

polarized edge states. When the coupling between opposite edges switches from 

antiferromagnetic to ferromagnetic with increasing carrier density, the current becomes 

spin-polarized and the mean free path rises from 10 nm to micrometers. In the 

ferromagnetic state, the current flows through one majority-spin channel which is ballistic 

over micrometers, and several minority-spin channels with mean free paths as low as 1 nm. 

These features predicted in technology-relevant conditions could be nicely exploited in 

spintronic devices. 
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