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            Abstract
Electron valley, a degree of freedom that is analogous to spin, can lead to novel topological phases in bilayer graphene. A tunable bandgap can be induced in bilayer graphene by an external electric field1,2,3,4,5, and such gapped bilayer graphene is predicted to be a topological insulating phase protected by no-valley mixing symmetry, featuring quantum valley Hall effects and chiral edge states6,7,8,9. Observation of such chiral edge states, however, is challenging because inter-valley scattering is induced by atomic-scale defects at real bilayer graphene edges10. Recent theoretical work11,12,13 has shown that domain walls between AB- and BA-stacked bilayer graphene can support protected chiral edge states of quantum valley Hall insulators. Here we report an experimental observation of ballistic (that is, with no scattering of electrons) conducting channels at bilayer graphene domain walls. We employ near-field infrared nanometre-scale microscopy (nanoscopy)14,15,16 to image in situ bilayer graphene layer-stacking domain walls on device substrates, and we fabricate dual-gated field effect transistors based on the domain walls. Unlike single-domain bilayer graphene, which shows gapped insulating behaviour under a vertical electrical field, bilayer graphene domain walls feature one-dimensional valley-polarized conducting channels with a ballistic length of about 400 nanometres at 4 kelvin. Such topologically protected one-dimensional chiral states at bilayer graphene domain walls open up opportunities for exploring unique topological phases and valley physics in graphene.
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                    Figure 1: Imaging AB-BA domain walls in exfoliated bilayer graphene.[image: ]


Figure 2: Infrared nanoscopy images of domains and domain walls in exfoliated mono-, bi- and trilayer graphene.[image: ]


Figure 3: Dual-gated field-effect transistor devices on bilayer graphene with AB-BA domain walls and their electrical transport properties.[image: ]


Figure 4: Conductivity of topologically protected chiral modes at AB-BA domain walls.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Electrical transport of dual-gated bilayer graphene devices with (left) and without (right) AB-BA domain walls.
aâ€“d, Gate-dependent resistance R for three bilayer graphene devices with one domain wall (aâ€“c) and one with two domain walls (d) at 4.2 K. The backgate voltage Vbg is varied from 0 V to 140 V with a step of 10 V, and the top gate voltage Vtg is swept continuously. The resistance peak in each trace corresponds to a CNP. The resistance at the CNP first increases and then saturates at âˆ¼14 kÎ© in aâ€“c (âˆ¼8 kÎ© in d). The dashed lines indicate the saturated conductance values. eâ€“h, Gate-dependent resistance of four reference bilayer graphene devices without domain walls. The resistance at the CNP increases continuously at high Vbg owing to the opening of a bandgap, and reaches values much higher than that of corresponding devices with bilayer graphene domain walls (indicated by the dashed line).


Extended Data Figure 2 Length dependence of electrical transport of AB-BA domain walls.
Data in left panels are from one graphene flake, data in right panels are from another. aâ€“d, Gate-dependent resistance for four bilayer graphene devices fabricated on a long domain wall with channel lengths of 200 nm, 400 nm, 600 nm and 800 nm (defined by the top gate width), respectively. eâ€“h, Gate-dependent resistance for four bilayer graphene devices fabricated on another long domain wall with channel lengths of 200 nm, 400 nm, 600 nm and 800 nm respectively. The backgate voltage Vbg is varied from 0 to âˆ’140 V with a step of 10 V, and the top gate voltage Vtg is swept continuously. The resistance peak in each trace corresponds to a CNP. The resistance at the CNP first increases as the bandgap is opened in the bulk and then saturates at high Vbg, where the electrical transport is dominated by one-dimensional channels along the domain wall.


Extended Data Figure 3 Temperature-dependent electrical transport through bulk bilayer graphene and through the AB-BA domain wall.
The CNP resistance (Vbg = âˆ’140 V) of a bilayer graphene device without a domain wall (NDW, black line) increases by over 300 kÎ© (âˆ¼2.5 times) as the temperature is decreased from 50 K to 1.8 K. In contrast, the CNP resistance (Vbg = âˆ’140 V) of a bilayer graphene device with domain wall (red line, the same device as in Extended Data Fig. 2c) increases by only 5 kÎ© (âˆ¼50%) at the same temperature. The much weaker temperature dependence of the domain wall resistance arises from a metallic one-dimensional conducting channel.
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