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1. Detailed sizes of metasurface 

The spacing between the rectangular columns in the x and y directions is the same, represented as 

450μm. We superimpose the responses of three types of LP states on the metasurface Next, we use 

the Least Squares Approximation Algorithm to solve the ideal value of the Jones matrix effective 

unit of each unit in a single period of the metasurface, and then construct the metasurface 

accordingly. Finally, the specific dimensions of 6×12 meta-atom in the MO metasurface is given 

in the table as follows. 

Table: The specific size of each meta-atom of the MO metasurface 
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2. Electromagnetic simulation and according results 

The numerical simulations in Fig. 2 of the main text are performed by using the finite time domain 

difference (FDTD) method in the commercial software of Lumerical FDTD Solutions. For the 

transmittance and phase calculation of the meta-atom, the MPM boundary condition is used for 

the z direction, and the periodic boundary conditions are applied for the x- and y-direction. The y-

LP plane sources vertically incident into the metadevice and the output time-domain signals can 

be detected with the point detector. The transmittance and the phase for different units can be 

simulated by Fourier transform according to the electric field at the point monitor. Here, the 

material Si is set as a loss-free material with the refractive index of 3.4. The diffractive efficiency 

can be gained from the analysis group from the farfield analysis of the 2-dimensional field monitor. 

The far-field simulation results are shown in Fig. S1. It’s obvious that the output THz wave for the 

working frequencies of 0.25 THz and 0.5 THz is deflected to (-28°, 0) at B = -0.24 T, (0, 12°) at B 

= 0 T, (+28°, 0) at B = +0.24 T, which indicates the MO metasurface realizes the dynamical 

multiplex channel function with dual-frequency multiplexing function. 

 

Fig. S1 The simulated results of output farfield at 0.25THz and 0.5THz with different EMFs of +0.24T, 0T, -0.24T. 
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3. Supplement of experiment results 

For the simulation results of Fig. 2 in the main text, we experimentally verified the relationship 

among the EMFs, frequency, and transmission of the MO metasurface by AR-THz-TDPS. Firstly, 

the time-domain signal passing through the air and the corresponding frequency-domain spectrum 

are shown in Fig.S2. The working frequency band of AR-THz-TDPS can cover 0.1 to 1.5 THz.  

 

Fig. S2 (a) The time-domain signal of passing through the air; (b) The according frequency spectrum. 

 

Then, the transmission characteristics of the MO metasurface under different EMFs and 

deflected angles are measured as shown in Fig. S3. As we can see, the experiment results are in 

good agreement with the simulation results. The deflection angle is (+28°, 0), (+12°, 0), and (-28°, 

0) when B = +0.24 T, 0 T, and -0.24 T respectively at dual working frequencies. And, for the 

deflection angle of (0, -12°), there is no energy is deflected to the angle. Therefore, different 

deflection channels can be switched by EMFs at dual working frequencies, so the functions of 

multi-channel multiplexing and dual-frequency multiplexing are proved by experiment results.  
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Fig. S3 The experiment transmission results at the frequency band of 0.2 THz ~ 0.65 THz and the deflection angle of 

(±20°, 0) ~ (±36°, 0), (0, ±8°) ~ (0, ±24°) when B = +0.24 T, 0 T, and -0.24 T. 

 

 

Fig. S4 The experiment far-field distributions at (a) 0.25 THz and +0.24 T, (b) 0.25 THz and 0 T, (c) 0.25 THz and -

0.24 T, (d) 0.50 THz and +0.24 T, (e) 0.50 THz and 0 T, (f) 0.50 THz and -0.24 T. 

 

In addition, Fig. S4 shows the distributions of the total far-field electric field when f = 0.25 THz 

and B = +0.24 T, f = 0.25 THz and B = 0 T, f = 0.25 THz and B = -0.24 T, f = 0.50 THz and B = 

+0.24 T, f = 0.50 THz and B = 0 T, f = 0.50 THz and B = -0.24 T. It can be seen that the far-field 

distribution of the total electric field is almost the same as the far-field distribution of the target 

polarization far-field shown in Fig. 6(a) ~ (f). Then, the proportion of the two situations to describe 
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the ratio of the target polarization electric field in the total output field. As mentioned in the main 

text, the ratio of all situations can reach more than 90%. Therefore, the MO metasurface can ensure 

the low crosstalk between channels and accuracy of the information transmission. 

The ratio of the intensity of the target LP state (ILP) to the total intensity of the output electric 

field at operating EMFs is calculated. And, the ratios of RLP in all situations have been marked on 

the Fig. S5, with all more than 92%. Therefore, the polarization state of the output THz beam is 

almost converted into the designed polarization direction as: 0° for Channel 1, 45° for Channel 2, 

and 90° for Channel 3, respectively, at dual working frequencies. 

 

Fig. S5 The ratio of target polarization content to total far-field at 0.25 THz and 0.5 THz at different deflection 

angles (Φ1, Φ2, and Φ3) and working EMFs. 
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4. The experiment characteristics of La:YIG crystal 

The transmission characteristics of the La:YIG crystal individually is measured when y-LP THz 

wave incidents under different EMFs from -0.26 T to +0.26 T. As shown in Fig. S6(a), when f = 

0.25 THz and 0.5 THz, the insertion loss is less than -3 dB, and the absorption coefficient is less 

than 3 cm-1. In addition, the refractive index is almost constant about 4, and Δn < 0.5. As shown 

in Fig. S6(d), the Faraday rotation angle increases gradually with the increase of EMF, and the 

rotation direction is exactly opposite for the forward and backward EMF. The maximum rotation 

angle reaches up to 44° at B = +0.26 T in a broadband THz range from 0.2 to 1.1 THz. The above 

results verify the La:YIG crystal has a low dispersion, a low loss, and high MO coefficient, which 

make it an ideal candidate functional material for the development of high-performance THz MO 

devices working at room temperature under a relatively low magnetic field.  

 

Fig. S6 (a) The transmission and absorption coefficient of the La:YIG crystal; (b) The refractive coefficient of the 

La:YIG crystal; (c) The output polarization ellipses under different EMFs after y-LP THz wave passing through the 

La:YIG crystal; (d) The Faraday rotation angles under different EMFs. 
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5. Introduction of the paraxial approximation 

 

Fig. S7 the transmission paths of two meta-atoms. 

 

We do appreciate the insightful concern about the critical issue. The simple linear superposition 

of the individual meta-atoms is a paraxial approximation. The actual far field superposition is 

shown in Fig. S7, which should be strictly expressed as: 
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When exp( 2 / )i S   is close to 1, the Eq.(S1) can be simplified through the approximation as 

follows: 

0 0 1 2exp( ) exp( ) exp( )i iA i i i  = +                                                 (S2) 

Under this condition, the transmission electric fields of both paths can be roughly calculated by 

linear superposition. This approximation requires that the optical path difference ΔS be 

significantly smaller than the wavelength λ (ΔS ≪ λ). In other words, the approximation condition 

to consider the output field as the linear superposition of Exx1, Eyy1, Exy1, and Exx2, Eyy2, Eyy2 is the 

paraxial approximation: 

sinS p   =                                                              (S3) 
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In this work, the operating frequency is 0.25 THz and 0.5 THz, and the according wavelength 

is 1200 μm and 600 μm respectively. The period P is 425 μm. And the lens focal length used in 

the experiment is 25 mm. Obviously, the design and experiment test of the MO device satisfies the 

approximation condition perfectly. Therefore, the electric field response of each meta-atom can be 

linearly superimposed, which greatly reduces the amount of calculation and simulation time while 

ensuring the design accuracy.  
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6. Error function of the Gradient Descent Algorithm 

The error function of the Gradient Descent Algorithm of each meta-atom is defined as 

( ) ( ) ( )
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            (S4) 

Among that, 0.25/0.5

_ argxx t etE , 0.25/0.5

_ argxy t etE , 0.25/0.5

_ argyy t etE represents the ideal value of 
xxE , xyE , yyE calculated by Eqs. 

(4) ~ (5) of the main text respectively at 0.25 THz and 0.5 THz. In addition, 0.25/0.5

xxE , 0.25/0.5

xyE , 0.25/0.5

yyE

indicates the value of 
xxE , xyE , yyE at different lengths (l1, l2 is set from 50 to 450 μm), widths (w1, 

w2 is set from 50 to 450 μm), and rotation corners (α1, α2 is set from –90° to 90°) respectively at 

0.25 THz and 0.5 THz. Next, by the Gradient Descent Algorithm and Least Squares Approximation 

Algorithm, the optimal value of the Jones matrix effective unit which is closest to the ideal value 

is solved. Then, the sizes of 6×12 meta-atoms are determined. The calculated error of each cell is 

shown as follows: 

 

Fig. S8 The calculated error of each cell. 

According to Equation (S4), since the value of xxE , xyE , and yyE  all is in the range of -1 to 1, the 

maximum error is 12. Therefore, the calculated errors all are within 5% of the maximum error, 

which verifies the rationality of the MO metasurface.  


