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Fig. S1. Statistical distribution of inter-Hamming distances for PL intensity values (50 regions) with Gaussian fitting.
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Fig. S2. Energy band evolution of bilayer MoS2 under electric displacement field.
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Fig. S3. Energy band evolution of quadrilayer MoS2 under electric displacement field.
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Fig. S4. Energy band evolution of hexalayer MoS2 under electric displacement field.
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Fig. S5. Secure key generation and reconfigurable PUFs analysis based on PL wavelength statistics. (a) Probability of binary "1" occurrence in keys extracted from 41 gate voltage modulations (Vg: −40 V to +40 V).  (b) Similarity heatmap of PL wavelength-based PUFs across 41 gate voltage modulations.  (c) Similarity heatmap of PL wavelength-based PUFs under repeated measurements at a fixed gate voltage (+40 V).  (d) Normalized Hamming distance distributions for Intra-HD (same Vg) and Inter-HD (different Vg), fitted to Gaussian profiles.  (e) Zoomed-in view of the Intra-HD and Inter-HD curves near their intersection. The x-coordinate of the intersection defines the decision threshold (HDd). The red-shaded area represents the false acceptance probability (FAP), while the blue-shaded area corresponds to the false rejection probability (FRP).



Supplementary Note 1. Calculation of grayscale value.
The size of a PUFs is 50*50 μm2, and the size of each unit is 2.5*2.5 μm2. The scale of the optical microscope is 10 μm. According to the scale and the number of pixels, each unit contains 43*43 pixels. Convert the RGB value of each pixel in a cell into a grayscale value, and then conduct the mean processing to obtain the grayscale value of this cell, as shown in equation (1)
      (1)
Where R(i, j), G(i, j) and B(i, j) respectively represent the red, green and blue values in the RGB values of each pixel.


Supplementary Note 2. Calculation of various performances of electrically reconfigurable optical PUFs.
Use equation (2) to represent bit uniformity
Bit Uniformity =                         (2)
where bi represents the ith response of a n bit binary key, which can only be 0 or 1.

Use equation (3) to calculate the Intra Hamming Distance
Intra Hamming Distance =                  (3)
where HD(Ki, Ki,t) represents the Hamming distance between the ith PUFs itself and its t-th response, m and n refers to the number of PUFs repetitions and key size respectively.

Use equation (4) to calculate the Inter Hamming Distance
Inter Hamming Distance =              (4)
where HD (Ki, Kj) is the Hamming distance between the ith PUFs and the jth PUFs, N and n refer to the number of PUFs and key size respectively.



Supplementary Note 3. First-principles calculations utilizing VASP.
In this work, All structures have hexagonal symmetry and belong to the P63/mmc space group. The monolayers and polylayers were cut out from the fully optimized bulk structures as (001) surfaces. Each slab is separated from the other by a vacuum region of 18 Å along (001) direction, so that the surfaces do not couple with each other. Calculations of the total energies, forces and optimizations of the geometry have been carried out using a plane-wave basis set with the projector augmented plane-wave (PAW) method1 as implemented in the Vienna ab initio simulation package (VASP)2. The exchange interaction effects are considered using the Perdew-Burke-Ernzerhof (PBE) in the generalized gradient approximation (GGA)3. The k-point sampling in the Brillouin zone was implemented by the Monkhorst-Pack scheme with the grid of 21×21×1. Band structures were calculated along the high symmetry points using the path Γ-M-K-Γ. The ionic relaxation to the equilibrium structure is determined using a conjugate-gradient algorithm, and the convergence in energy and force are 1.0×10-4 eV and 1.0×10-2 eV/Å, respectively. All the cases concerned are converged well.
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