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Fig. 1. Schematic illustration of the order-disorder coupling system of bilayer square lattices (

HORRON

: , ) are onsite energies of up-

per and lower layers, U and h represent the hoping energy of inter-layer and intra-layer respectively): (a) AA stacking (the upper

atom is directly above the lower atom); (b) AB stacking (the upper atom is located directly above the center of the lower square).
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Fig. 2. Energy spectra and DOS for the periodic coupling system of bilayer square lattices: (a), (b) Energy spectra for the coupling
system of AA stacking with U =1 and U = 6, respectively; (c) variation of DOS with U for the coupling system of AA stacking;
(d), (e) energy spectra for the coupling system of AB stacking with U = 1 and U = 6, respectively; (f) the variation of DOS with

U for the coupling system of AB stacking.
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Fig. 3. Energy spectra for the order-disorder bilayer coupling system of square lattices with AA stacking: (a)—(d) Changes of the
DOS for different U and W ; (e) the relationship of W and U (open circles) for the band-gap opening with the linear fitting
(dashed line); (f) the dependence of bandgap width AE (hollow symbols) on U and W with the left panel for U with the linear
fitting (dash lines), where W= 1, 3, 5 correspond to the slopes of 1.99, 1.96, 1.90, respectively, and the right panel for W with the
linear fitting (dash lines), where U = 6, 8, 10 correspond to the slopes —0.40, —0.44, —0.50, respectively.
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Fig. 4. DOS for order-disorder bilayer coupling system of the square lattices with AB stacking: (a), (b) Changes of the DOS for

different W'; (c), (d) changes of the DOS for different U .
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Fig. 5. Eigen-wavefunctions |® (E)|?> for the bilayer coupling system of square lattices with AA stacking, where D-L and O-L
represent the upper disordered layer and the lower ordered layer respectively: (a), (b) Eigen-wavefunctions of the eigen-states
(E = 0.140, 0.016) in the spectral central region and the eigen-states (£ = 4.60, 11.46) in the tail region for the weak coupling
system of U = 0.5 with small disorder of W= 1 and strong disorder of W = 10, respectively; (c), (d) the eigen-wavefunctions of
the eigen-states (E = 3.86, —0.17) in the spectral central region and the eigen-states (£ = 8.08, 12.96) in tail region for the strong
coupling system of U = 4 with small disorder of W = 1 and strong disorder of W = 10, respectively. The black color means that

the values are larger than 0.005.
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Fig. 6. Eigen-wavefunctions of the eigen-states in the spectral central and tail regions for the order-disorder bilayer coupling
system of square lattices with AB stacking: (a), (b) Eigen-wavefunctions of the eigen-states (E = 0.34, 0.89) in the spectral central
region and the eigen-states (E = 6.07, 13.50) in the tail region for the weak coupling system of U = 0.5 with small disorder of
W = 1 and strong disorder of W = 12, respectively; (c), (d) the eigen-wavefunctions of the eigen-states (E = —1.98, —0.67) in the
spectral central region and the eigen-states (E = 20.01, 23.05) in tail region for the strong coupling system of U = 4 with small
disorder of W = 1 and strong disorder of W = 12, respectively. The black color means that the values are larger than 0.005.
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Fig. 7. Variation of participation number P (E) with W for the order-disorder bilayer coupling system with AA stacking:

(a) Weak coupling system of U = 0.5; (b), (c) strong coupling system of U = 4.0.
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Fig. 8. Variation of participation number P(F) with system size N for order-disorder bilayer coupling system with AA stacking.

(a), (b) Weak coupling system of U = 0.5; (c), (d) strong coupling system of U = 4.0.
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(e), (f) distribution of fitting exponent v with energy.
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Fig. 11. Mean-square displacement d(t) (symbols) of the
quantum diffusion for the order-disorder bilayer coupling
system of the square lattices with AA stacking and their
fitting results to d (t) ~ t® (dash line): (a) Weak coupling
system of U = 0.5; (b) strong coupling system of U = 4;
(c) variation of the fitting results of b with the degree of
disorder W.
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Fig. 14. Energy spectra and density of states for the periodic coupling system of bilayer hexagonal lattices: (a) Energy spectra with
U = 1; (b) energy spectra with U = 4; (c) variation of DOS with U.
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Fig. 15. Energy spectra for the order-disorder bilayer coupling system of bilayer hexagonal lattices: (a), (b) Changes of the DOS for
different W; (c), (d) changes of the DOS for different U.
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Electron transport properties of order-disorder separated
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Abstract

In the framework of the electronic tight-binding model of order-disorder separated (ODS) bilayer square
lattice (BSL) and by calculating the density of states (DOS), participation number of eigen-wavefunctions and
quantum diffusion, we systematically study the effects of stacking interface structure, strength of interlayer
coupling and degree of disorder on the electron transport properties of order-disorder separated two-dimensional
bilayer systems. Our results show that for the ODS-BSL of AA-stacking in the regime of weak coupling, the
ODS-BSL always possesses a single energy band with localized states in its band tail, and extended states or
critical states similar to the extended ones in the band center region with persistent metal-insulator transitions
and associated mobility edges under strong disorder. In the regime of strong coupling, weak disorder leads the
critical states to exist in its band tails and extended states to occur in the band center regions, while strong
disorder results in the formation of a single band due to the overlapping of the coupling-induced two bands with
localized states in the band tails and critical states in the band center region with increasing participation
numbers as disorder increases. The ODS-BSL of AB-stacking always possesses a single band and supports
extended states and critical states in its band center region, regardless of the strengths of interlayer coupling
and disorder. In both ODS-BSL systems of AA- and AB- stackings, quantum diffusion undergoes an anomalous
transition from weakening to enhancing behaviors as disorder increases. In the AA-stacking ODS-BSL of weak
coupling, AA-stacking ODS-BSL of weak disorder and the AB-stacking ODS-BSL, quantum diffusion exhibits
super-diffusion due to the contribution of extended states and the critical states similar to extended ones. In the
AA-stacking ODS-BSL of strong coupling, quantum diffusion undergoes sub-diffusion under strong disorder due
to the existence of critical states. The numerical results also show that the order-disorder separated (ODS)

bilayer hexagonal lattice exhibits the same behaviors as those revealed in ODS-BSL systems.
Keywords: two-dimensional system, order-disorder separation, Anderson localization
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