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Section 1. The design principle between intensity ratio and the functionalities

For a metalens that can focus x-polarized electromagnetic (EM) waves into a x-polarized focal spot, the phase profile for focusing the linearly-polarized (LP) incident waves is:
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The electric field of the  focal spot can be approximately expressed as 
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, and “A” is the amplitude. 

Accordingly, for two focal points with identical polarization states and different spatial positions, the total electric field of these two focal spots is expressed as:
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where “A” and “B” are amplitudes for the left and right focal spots (with identical polarization states), respectively. The corresponding phase profiles of 
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 can be written as:
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  .                        (3)

For two focal points with orthogonal polarization states and different spatial positions, the total electric field of these two focal spots is expressed as:
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where “Ax” and “By” are amplitudes for the left and right focal spots with orthogonal polarization states, respectively. The corresponding phase profiles of 
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For the generation of two focal points with identical polarization states, the four parameters as the input of the proposed network architecture are 
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, while the four parameters as the input of the proposed network architecture are 
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 for the generation of two focal points with orthogonal polarization states. The initial values for these two parameters ((A and B) or (Ax and By)) are assigned as 1 (A=B=1 or Ax=By=1). Then, the tandem neural network is pretrained to initially predict the structural parameters. If the tandem neural network can predict the structures parameters that can be applied to design metalens to generate two focal points with predesigned energy ratio, the optimization procedure is closed. Otherwise, the iteration algorithm is applied to further optimize the ratio between these two parameters ((A and B) or (Ax and By)) to obtain more accurate initial four parameters (
[image: image19.wmf]1111
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) to predict appropriate structure parameters (for designing metalens to generate two focal points with predesigned energy ratio). In other words, if only the tandem neural network cannot predict the appropriate structure parameters, the iterative algorithm is used to automatically optimize the ratio between A (Ax) and B (By). When the ratio between A (Ax) and B (By) is automatically optimized based on the iterative algorithm, they (A (Ax) and B (By)) are automatically imported into the tandem neural network to globally optimize the whole amplitudes and phase until find the appropriate structure parameters.

Section 2. Optical and SEM images of the fabricated samples


[image: image20]
Fig. S1. Optical images of metalenses and vortex generator. The metalenses for generating identically polarized focal points with customizable intensity ratios of 1:1 (a), 1:0.8 (b) and 1:0.6 (c). The metalenses for generating orthogonally polarized focal points with customizable intensity ratios of 1:1 (d), 0.8:1 (e) and 0.6:1 (f). g The vortex generator.


[image: image21]
Fig. S2. SEM images to show the heights of metalenses and vortex generator. The metalenses for generating identically polarized focal points with customizable intensity ratios of 1:1 (a), 1:0.8 (b) and 1:0.6 (c). The metalenses for generating orthogonally polarized focal points with customizable intensity ratios of 1:1 (d), 0.8:1 (e) and 0.6:1 (f). g The vortex generator.
Section 3. Electric-field intensity distributions and predicted amplitudes and phases for the  metalens generating two focal points with identical polarization states.
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Fig. S3. The calculated and measured electric-field intensity distributions based on metalenses (that can generate two focal points with identical polarization states) designed by the proposed network architecture. The calculated (a1) and measured (b1) electric-intensity distributions at the x-y plane and z=5.7 mm for the target intensity ratio between these two focal points is IL:IR=1:1. The calculated (a2) and measured (b2) electric-intensity distributions at the x-y plane and z=5.7 mm for the target intensity ratio between these two focal points is IL:IR=1:0.8. The calculated (a3) and measured (b3) electric-intensity distributions at the x-y plane and z=5.7 mm for the target intensity ratio between these two focal points is IL:IR=1:0.6.
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Fig. S4. The predicted amplitude and phase distributions of metalenses (that can generate two focal points with identical polarization states). The predicted amplitude (a1) and phase (b1) for the metalens with the target intensity ratio between these two focal points is IL:IR=1:1. The predicted amplitude (a2) and phase (b2) for the metalens with the target intensity ratio between these two focal points is IL:IR=1:0.8. The predicted amplitude (a3) and phase (b3) for the metalens with the target intensity ratio between these two focal points is IL:IR=1:0.6.

Section 4. Electric-field intensity distributions and predicted amplitudes and phases for the  metalens generating two focal points with orthogonal polarization states.
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Fig. S5. The calculated and measured electric-field intensity distributions based on metalenses (that can generate two focal points with orthogonal polarization states) designed by the proposed network architecture. The calculated (a1, a2) and measured (b1, b2) electric-intensity distributions at the x-y plane and z=5.7 mm for the target intensity ratio between these two focal points is IL:IR=1:1. The calculated (a3, a4) and measured (b3, b4) electric-intensity distributions at the x-y plane and z=5.7 mm for the target intensity ratio between these two focal points is IL:IR=1:0.8. The calculated (a5, a6) and measured (b5, b6) electric-intensity distributions at the x-y plane and z=5.7 mm for the target intensity ratio between these two focal points is IL:IR=1:0.6.
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Fig. S6. The predicted amplitude and phase distributions of metalenses (that can generate two focal points with orthogonal polarization states). The predicted amplitude (a1, a2) and phase (a3, a4) for the metalens with the target intensity ratio between these two focal points is IL:IR=1:1. The predicted amplitude (b1, b2) and phase (b3, b4) for the metalens with the target intensity ratio between these two focal points is IL:IR=1:0.8. The predicted amplitude (c1, c2) and phase (c3, c4) for the metalens with the target intensity ratio between these two focal points is IL:IR=1:0.6.
Section 5. Electric-field intensity distributions and predicted amplitudes and phases for the  vortex generator.
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Fig. S7. The calculated and measured electric-field intensity distributions in the x-z plane (for the vortex generator designed by the proposed network architecture). The calculated electric-field intensity distributions for |Ex|2 (a1) and |Ey|2 (a2), respectively. The measured electric-field intensity distributions for |Ex|2 (b1) and |Ey|2 (b2), respectively. 
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Fig. S8. The predicted amplitude and phase distributions of the vortex generator (that can generate two vortices with orthogonal polarization states). The predicted amplitude (a1) and phase (a2) of the vortex generator for the incidence of x-polarized THz waves. The predicted amplitude (a2) and phase (b2) of the vortex generator for the incidence of y-polarized THz waves.
Section 6. Electric-field intensity distributions and predicted amplitudes and phases for the  predicted vortices with different topological charges.
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Fig. S9. The calculated electric-field intensity and phase distributions based on the metasurface devices (that can generate two converged vortices with orthogonally polarization states and different topological charges) designed by the tandem neural network. The calculated electric-field intensity (a1, a2) and phase (b1, b2) distributions of vortices (with topological chrges of +1 and -1, respectively) at the focal plane z=5.6 mm. The calculated electric-field intensity (a3, a4) and phase (b3, b4) distributions of vortices (with topological chrges of +2 and +1, respectively) at the focal plane z=5.6 mm.
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Fig. S10. The predicted amplitude and phase distributions of the vortices with orthogonal polarization states and different topological charges). The prdicted amplitude (a1) and phase (a2) of the vortex with topological charge of +1 under the illumination of x-polarized THz waves. The prdicted amplitude (b1) and phase (b2) of the vortex with topological charge of -1 under the illumination of y-polarized THz waves. The prdicted amplitude (c1) and phase (c2)  of the vortex with topological charge of +1 under the illumination of x-polarized THz waves. The prdicted amplitude (d1) and phase (d2) of the vortex with topological charge of +2 under the illumination of y-polarized THz waves.
Section 7. The optical setup of the experimental system
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Fig. S11. The near-field scanning terahertz microscopy.
Table 1 The ratio between A and B
	ratio
	IL-side:IR-side=1:1
	IL-side:IR-side=1:0.8
	IL-side:IR-side=1:0.6

	A:B
	1:1
	1:0.977
	1:0.933


Table 2 The ratio between Ax and Ay
	ratio
	IL-side:IR-side=1:1
	IL-side:IR-side=1:0.8
	IL-side:IR-side=1:0.6

	Ax:Ay
	0.963:1
	0.998:1
	0.979:1


Table 3 The efficiency of metalens that can generate two focal points with identical polarization
	ratio
	IL-side:IR-side=1:1
	IL-side:IR-side=1:0.8
	IL-side:IR-side=1:0.6

	Efficiency
	25%
	25.3%
	25.2%


Table 4 The efficiency of metalens that can generate two focal points with orthogonal polarization
	ratio
	IL-side:IR-side=1:1
	IL-side:IR-side=1:0.8
	IL-side:IR-side=1:0.6

	Efficiency
	25.9%
	23.6%
	25.2%
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