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Study of electronic transport properties in negative resistance
devices based on zigzag aluminum nitride nanoribbons
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(School of Physics and Technology, Wuhan University, Wuhan 430072, China)

Abstract: Low — dimensional nanoribbon materials exhibit novel physical properties due to their structural speci-
ficities. Modifying the edges of nanoribbons can modulate their electronic properties. In this paper, we investi-
gate the electronic structures and transport properties of zigzag aluminum nitride nanoribbons ( ZAINNR) with
single — edge fluorination, single — edge chlorination, and single — edge hydrogenation using the fundamental
principles based on density functional theory ( DFT). It is shown that the semiconductor — to — metal transition of
the energy band structure can be achieved by the above methodologies in zigzag aluminum nitride nanoribbons.
Calculating the electron transport properties, we found that all three edge — modified devices exhibit negative dif-
ferential resistance effects, with the AIN — F device having the maximum peak — to — valley current ratio (PVCR)
of 1.78 x 107, which is 10° times higher than those of the silicene nanodevice and the black phosphorus nanode-
vice. It is worth mentioning that the AIN - F device is able to achieve high PVCR in a smaller bias range com-
pared to H — AIN — Cove nanodevice. The results offer a wide range of prospects for the application of serrated a-
luminum nitride nanoribbons in low — power nanodevices.
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Table 1 Band gaps of edge — modified aluminum nitride na-
noribbons
Structure E,
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X -AIN(X=H, Cl, F) Metallic
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Table 2 The computed PVCRs of the devices with their peak

current voltages ( Vp,, ) and valley current voltages

( VV{llle) )
Device Voeak Viatiey PVCR
AIN-F 0.6V L2V 1.78 x 107
AIN - Cl 0.6V 1.2V 2.90 x10°
AIN -H 0.6V L2V 6.70 x 10°
F - AIN 0.2V 0.6V 75.37
Cl- AIN 0.2V 0.6V 382.88
H - AIN 0.2V 0.6V 242. 189
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Table 3  Comparison of different devices

Nanodevices Vpeak Vialiey PVCR
Silicene nanoribbon 2! 0.3V 0.7V 3.09
Black phosphorus!2!] 0.7V 0.9V 9
Phosphorene nanoribbon'! 0.2V 0.6 V. 2.75 x 10*
H - AIN - Cove nanodevice’®? 0.3V~ 1.2V 1.23 x 107
AIN - F(Our work) 0.2V 0.6V 1.78 x 107
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