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S1. The surface current analysis

Fig S1. The simulation results of surface current on Archimedean spiral structure. a, b, and c) surface 
current distribution of R-enantiomer at incident LCP plane wave at 12GHz, 14GHz, and 16GHz 
respectively. d, e, and f) surface current distribution of R-enantiomer at incident RCP plane wave at 
12GHz, 14GHz, and 16GHz respectively.

S2. The FPP customized table

Table S1. The left column is the spin orientation and AR, and the uppermost column is the 
polarization azimuth. The corresponding rotation angles of each atom are shown in the table below, where 

rot1=0°.

     Azimuth
State 

0° 45° 90° 135°

0 (LP)
rot2=0°,
rot 3=0°,
rot 4=0°

rot2=45°,
rot 3=0°,
rot 4=0°

rot2=90°,
rot 3=0°,
rot 4=0°

rot 2=135°,
rot 3=0°,
rot 4=0°

1/3 (ELCP)
rot 2=-30°,
rot 3=0°,
rot 4=30°

rot 2=15°,
rot 3=0°,
rot 4=75°

rot 2=60°,
rot 3=0°,
rot 4=120°

rot 2=105°,
rot 3=0°,
rot 4=165°

1(LCP) rot 2=0°, rot 3= 0°, rot 4= 90°

-1(RCP) rot 2=0°, rot 3= 90°, rot 4= 0°



S3. Simulation results of L-pol manipulation with different β.

Figure S2. a, d, g, and j) Three-dimensional far-field scattering pattern of normal L-pol manipulation 
with β = 0°, 45°, 90°, and 135°. b, e, h, and k) Simulation results of phase and amplitude of x- and y-pol 
at φ=0°, corresponding to normal L-pol modulation with β = 0°, 45°, 90°, and 135°, respectively. c, f, i, 
and l) Calculated results of AR and polarization azimuth at φ=0°, corresponding to normal L-pol 
modulation with β = 0°, 45°, 90°, and 135°, respectively.



S4. The simulation results of 3-AR left-spin-elliptic polarization manipulation with 
different β.

Figure S3. a, d, g, and j) Three-dimensional far-field scattering pattern of normal 3-AR left-spin-elliptic 
polarization manipulation with β = 0°, 45°, 90°, and 135°. b, e, h, and k) Simulation results of phase 
and amplitude of x- and y-pol at φ=0°, corresponding to normal 3-AR left-spin-elliptic polarization 
modulation with β = 0°, 45°, 90°, and 135°, respectively. c, f, i, and l) Calculated results of AR and 
polarization azimuth at φ=0°, corresponding to normal 3-AR left-spin-elliptic polarization modulation 
with β = 0°, 45°, 90°, and 135°, respectively.



S5. Simulation results of LCP and RCP manipulation.

Figure S4. a, c) Three-dimensional far-field scattering pattern of normal polarization manipulation of 
RCP and LCP. b, d) Simulation results of phase and amplitude of x- and y-pol at φ=0°, corresponding 
to normal polarization modulation of RCP and LCP, respectively.

S6. Combination of GA and L-BFGS-B

GA is suitable for solving some discrete numerical and non-numerical problems. At 
the same time, it has excellent global optimization ability. The disadvantage is that the 
optimization efficiency significantly reduces when approaching the optimal value, and the 
optimal value is not even obtained. L-BFGS-B, a quasi-Newton method, is suitable for 
solving some nonlinear equations and has faster local convergence, but it has higher initial 
value requirements. As for why to use genetic algorithms to calculate a global 
approximate optimal solution first, it is because the introduction of CD enantiomers leads 
to the discretization of the optimization problem. Simultaneously, GA could provide a 
globally better initial value for gradient-based optimization algorithms. Here, the chirality 
ν of each element is determined by GA, and the phase profile optimized by GA is set as 
the initial values of the gradient-based optimization algorithms to solve the Local 
optimization problem.



S7. Simulated results of polarization and normalized energy in K-space of GA-based 
bi-atom metasurface.

         
Figure S5. a, b, and c) K-space normalized amplitude distribution of the RCP, the LCP, and the synthetic 
polarization. d) Axial ratio distribution of synthetic polarization in K-space.


