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Toward graphene-based electronics applications, introducing atomic-scale defects in graphene is an 

effective way to modify graphene’s electronic properties.1 So far, we have reported on charge-carrier 

transport properties in helium-ion-irradiated graphene under a perpendicular magnetic field to clarify the 

transport mechanism in the defective graphene.2 In contrast to graphene without ion irradiation, we 

observed the negative magnetoresistance (MR) in the ion-irradiated graphene devices at low temperature 

< 200 K, and a slightly negative sign at room temperature. However, in the previous samples, only a part of 

graphene channel was irradiated with helium ions. Hence, the observed results could include contribution 

from the non-irradiated graphene area forming series resistance, which made quantitative analysis of the 

irradiation effect difficult. Here, we investigate the MR in the helium-ion-irradiated graphene with a new 

device design to exclude the contribution from the non-irradiated graphene. In the new design as shown in 

Fig. 1(a), helium ions are irradiated to the overall active graphene channel. We vary device conditions such 

as the active channel length (L), width (W), and ion dose by fabricating multi-channel devices as shown in 

Fig. 1(b). Note that the distance between electrodes (Lgap) is almost same as L. Thus, the contribution from 

the minimized non-irradiated graphene area should be negligible. As a result, we observe the negative MR 

at room temperature in the devices with the certain 

condition. Compare to the previous results,1 the 

negative MR is robust for high magnetic fields up to 6 T, 

not changed to be positive (Fig. 1(c)). Therefore, the 

change of a sign in the MR in the previous study could 

be attributed to the contribution from the non-irradiated 

graphene. Our results indicate that the negative MR is 

caused in the ion-irradiated area and its magnitude 

follows the size of the irradiated area and the ion dose 

level. This work paves a way to develop the graphene 

electronics, and to investigate Anderson localization 

physics in Dirac fermion systems. 
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Fig. 1. (a) Schematic design of helium-ion-irradiated 

graphene device in this work. (b) Optical image of the 

typical device. (c) MR as a function of magnetic field 

for various temperatures. 
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