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Figure S1. Design of random laser based on GaAs NWs array. (a) and (b) demonstrate vertical NWs
arrays for Anderson localized and delocalized regimes, respectively. The NWs are irradiated by a
pulse laser with intensity /(.7) from the top. The insets depict their schematic lasing spectrum. (c) The
relationship between the density and average GaAs NWs diameter with &¢,.

Figures S1a and S1b present schematic diagram of the vertically aligned GaAs NWs array. The NWs
have a total length of 4 um. The insets of Figure Sla and S1b schematically show the lasing
spectrum and requirement for the Anderson localized and delocalized random lasers. Generally,
narrow lasing peaks can be observed over a broad background for Anderson localization, while
delocalization typically results in broad lasing emission. The correlation between density, average
diameter of GaAs NWs, and ¢, was examined to regulate the random lasing regime based on ¢, as
shown in Figure Slc. The red dash line indicates’ k¢, =1 (where the wavenumber k =27z/1). The
green area below the dash line implies the Anderson localized regime, while the area above the dash
line belongs to the delocalized regime. Based on the data presented in Figure Slc, it can be seen that
GaAs NWs arrays with average diameters of 120, 140, 180 and 220 nm satisfy the Anderson

localization regime when their densities are at least 60.88, 25.39, 9.80 and 3.79/um?, respectively.
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For arrays consisting of NWs with average diameters of 70 and 100 nm, the delocalization
mechanism will be satisfied when their densities are in the range of 1-160/um?. In terms of scattering
alone, pure GaAs NW arrays require higher thresholds and greater densities to realize Anderson
localization and delocalization random laser modulation. This is due to the fact that the ¢; in GaAs
NWs arrays of the same density is greater than that in GaAs/AlGaAs axial heterostructure NWs
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Figure S2. GaAs/AlGaAs NW heterostructures. (a) and (c¢) show the cross section TEM and
HRTEM images of the NW for Anderson localized region. (b) and (d) show the cross section TEM
and HRTEM images of the NW for delocalized region. Figures (e), (f), (g) and (h) show the element
distribution of GaAs and AlGaAs in two kinds of NWs, respectively.
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