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Recently, valley degree of freedom as well as the spin degree of freedom in 2-D materials such as graphene/hBN 

superlattice, transition metal dichalcogenides, has attracted many attentions for the next generation electronics 

application. To investigate the nature of valley, high quality samples which show large valley Hall effect are 

required, because the valley current is induced by the Berry curvature which is strongly weakened by the inter-

valley scattering. We employed the modified dry transfer process [4] to obtain hBN/graphene/hBN structure using 

a home-built transfer system. First, an hBN flake was aligned and attach to graphene by observing optical 

microscope. This graphene/hBN heterostructure is again aligned and attached on a hBN flake for a substrate. The 

thickness of top hBN layer was 16 nm and the bottom hBN was 20 nm, confirmed by AFM. The Hall bar geometry 

was then etched by reactive ion etching using SF6. The position was carefully chosen not to include bubbles which 

are often observed after the transfer process. Electrodes were defined by EB lithography and Cr/Au was deposited 

as the contact metal. Figure 1 shows the gate dependence of the longitudinal resistivity 𝜌𝑥𝑥. The carrier mobility 

was estimated ~250,000 cm2/Vs near DP. The sharp peak around Vg = 0 V is usual Dirac point (DP) and the one 

around Vg = -21 V is secondary DP (SDP) which originates from the superlattice between graphene and hBN. Figure 

2 shows the gate and magnetic field dependence of longitudinal conductivity xx. Horizontal white dashed lines 

correspond to the gap expected for Hofstadter's butterfly. From the periodicity in 1/B, we can estimate the alignment 

angle between graphene and hBN,  = 0.7-0.8 and the moiré superlattice size ~11 nm. We also found giant non-

local resistance close to the value which is expected for the pure valley Hall effect in the gapped monolayer 

graphene. The non-local resistance is very sensitive  to the gate sweep hysteresis which indicates that high quality 

samples with low charge impurities which may cause the inter-valley scattering are required to observe the pure 

valley Hall effect. 
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Fig. 1. Gate dependence of resistivity. A sharp peak appears around 
Vg = -21 V in addition to the usual Dirac point around Vg = 0 V. 

Fig. 2. Hofstadter's butterfly spectrum in monolayer graphene 

superlattices. 


