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[bookmark: OLE_LINK120][bookmark: OLE_LINK121]A. Derivation of the Jones matrix for the multichannel polarization-multiplexed metasurface holograms
The general relation between the electric ﬁeld of the input (Ein) and the output (Eout) waves at each pixel can be expressed using the Jones matrix. The Jones matrix can be treated as a unitary and symmetric matrix. Therefore, we obtain the following equation1:


   and            (S1)



[bookmark: OLE_LINK264][bookmark: OLE_LINK265]where  represents the complex conjugation of Txx. According to the Jones vector of the input () and the desired output waves () at each pixel and the combination of Eq. 1 (see main text) and Eq. S1, we obtain the Jones matrix of the multichannel polarization-multiplexed metasurface hologram as shown in Eq. 4, which can be used for encoding the phase profile to the metasurface.

B. Generation algorithm of the hologram
[bookmark: OLE_LINK188][bookmark: OLE_LINK189]The flowchart for generating the target phase profiles based on the modified Gerchberg-Saxton algorithm is shown in Figure S1. The original image 1 only participates in the first loop, which is represented by red lines. A feedback function is used for the replacement of the amplitude at the object plane in order to increase the convergence speed and improve the quality of the reconstructed images. After obtaining the desired phase profile φ1 of hologram 1, φ1 is applied to the second iteration which includes image 2 and image 3. The blue and green parts of the flowchart in Fig. S1 represent this iteration. Meanwhile, the relation φ3=2×φ2−φ1+π is used to connect hologram 3 together with hologram 1 and 2. After a sufficient number of iterations, we obtain the optimized phase-only holograms 1, 2 and 3 that enable us to reconstruct independent high-quality holographic images in the far field zone.

C. The numerical aperture of the holograms


[bookmark: OLE_LINK198][bookmark: OLE_LINK199][bookmark: OLE_LINK200][bookmark: OLE_LINK201]In the experiment, the objective lens is carefully chosen for collecting the diffracted light from the metasurface hologram sample. The numerical aperture of the hologram can be determined by 
                                         (S2)
                                              (S3)
[bookmark: OLE_LINK202][bookmark: OLE_LINK203][bookmark: OLE_LINK256][bookmark: OLE_LINK257]where N and p represent the number of pixels and pixel size of the metasurface, respectively, and l indicates the distance from a point of the original image to its center. The diffraction angle is represented by α in Eqs. S2 and S3. For the generation of the holograms, lmax in the original image determines the largest diffraction angle, which results in the minimum required NAmin of the collecting objective lens needed in the experiment. The numerical aperture of our objective lens used in the experiment is 0.6 (NAmax of our designed metasurfaces hologram is 0.45). This guarantees that the entire k-space of the hologram can be captured by our imaging system.

[bookmark: OLE_LINK266][bookmark: OLE_LINK267][bookmark: OLE_LINK414]D. The feasibility of achieving a dynamic holographic display
[bookmark: OLE_LINK365][bookmark: OLE_LINK366][bookmark: OLE_LINK331][bookmark: OLE_LINK334][bookmark: OLE_LINK335][bookmark: OLE_LINK336][bookmark: OLE_LINK337][bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK103][bookmark: OLE_LINK104][bookmark: OLE_LINK380][bookmark: OLE_LINK373]In order to demonstrate the feasibility of achieving a dynamic holographic display, we choose three independent original images, which represent a cartoon of a person running, jumping and landing on the ground. The simulated and experimental results of this sample under illuminating with linearly and circularly polarized beams are shown in Figure S2. Three different independent images and all the combinations of these images (twelve channels and seven different combinations) can be obtained by combining different input/output polarizations. By continuously changing the polarization of the input and output light in the correct order, we can observe these three images to appear and reconstruct successively. Such dynamic image projection based on different combinations of polarization states may open a new frontier for applications related to dynamic holographic displays (for example see the supplementary video S4).
[bookmark: OLE_LINK415][bookmark: OLE_LINK416][bookmark: OLE_LINK417]
E. Diffraction efficiency of the metasurface holograms
[bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: OLE_LINK468][bookmark: OLE_LINK469][bookmark: OLE_LINK129][bookmark: OLE_LINK447][bookmark: OLE_LINK448][bookmark: OLE_LINK470][bookmark: OLE_LINK471][bookmark: OLE_LINK455][bookmark: OLE_LINK456][bookmark: OLE_LINK459][bookmark: OLE_LINK460][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK6][bookmark: OLE_LINK7]The key for achieving multichannel polarization multiplexing relies on the birefringent and rotational properties of simple nanofin structures with a rectangular cross-section. The statistical results of the number of different kinds (different cross-sections and orientation angles) of nanofins that are contained in our designed metasurfaces holograms are shown in Figure S3. In the 3D coordinate system [N(L,w,θ)], the solid spheres represent the different kinds of nanofins and the colors indicate the amount of each kind of nanofins. Two projections of these distributions are shown in the 3D coordinate system in order to describe the distribution of nanofins with different orientation angles and cross-sections. By using a rigorous coupled wave analysis method, we obtained the transmission coefficients (txx, txy, tyx, and tyy) of different kinds of nanofins for the purpose of calculating the theoretical transmission efficiencies of the metasurface samples. Take the “meta” sample as an example, the calculated theoretical diffraction efficiencies Txx, Txy, Tyx, and Tyy are 42.88%, 37.2%, 37.21%, and 43.01%, respectively. The results measured by an FTIR spectrometer for the four samples are shown in Figure S4, with satisfactory efficiencies at the working wavelength of 800 nm. The difference between the theoretical and experimental results might be caused by imperfection of fabrication and material loss. 

F. Broadband properties of the metasurface holograms

[bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK131][bookmark: OLE_LINK132][bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK127][bookmark: OLE_LINK128][bookmark: OLE_LINK125][bookmark: OLE_LINK126][bookmark: OLE_LINK130][bookmark: OLE_LINK133][bookmark: OLE_LINK14][bookmark: OLE_LINK15]By changing the wavelength of the incident light from the near-infrared region to visible light, we find that the reconstructed images can still be observed with high fidelity. The results for the metasurface hologram sample with the tiger/snowman/teapot/cup are shown in Figure S5. As the magnifying ratio M of the reconstructed images is defined by , where f and p represent the focal length of used microscope objective lens (that is used in the experiment) and the pixel size of metasurface, respectively. N represents the pixel number for one spatial dimension of the hologram. Therefore, the sizes of the reconstructed images decrease for shorter wavelengths. When the wavelength of the incident light is changed over a relatively broad range between 600-800 nm, the variation of the corresponding refractive index of amorphous silicon is quite small. We further calculated the phase shift φ’x(λ) and φ’y(λ) at different wavelengths and substitute those values to the corresponding pixels of metasurface hologram for the investigation of such a broadband phenomenon (Figure S7). While for the multichannel vectorial hologram samples with the rotation of the nanofins, we can acquire the renewed T matrix based on Eq. 2 once the geometric parameters of the nanofin at each pixel are fixed. The Fourier transform is applied in order to reconstruct the images in the broadband spectrum (Figure S5 and S6). We noted for the rotated nanofins, the broadband range is narrower (ranging from 835 to 690 nm). The simulated results are consistent with the experimental results. The broadband response arises from the robustness of our silicon metasurface holograms and the fact that holograms generated by the GS algorithm are wavelength independent. The reconstructed images can be observed with acceptable quality even apart from our design wavelength of 800 nm by using dielectric metasurfaces. Furthermore, according to Fig. S3, most sizes of the nanofins are very similar as can be seen from the localization region (white and red spheres), while the phase difference distribution for nanofins located in this region is nearly constant (white dashed box in Fig. S7). Noted that the intensities of the reconstructed images decrease and the conjugated images will be observed when the wavelength of incident light is moving towards 600 nm in both the simulation and experiment.

G. Recorded videos by continuously rotating a linear polarizer
Video S1: Two-channel polarization and angle-multiplexed hologram (“cartoon tiger”, “cartoon snowman”, “teapot”, “cup”).
Video S2: Multichannel polarization-multiplexed holograms (“holography”, “meta”, “surface”).
[bookmark: OLE_LINK505][bookmark: OLE_LINK506]Video S3: Multichannel polarization-multiplexed holograms (“dice”).
Video S4: Multichannel polarization-multiplexed holograms (“cartoon person”)
[bookmark: OLE_LINK504][bookmark: OLE_LINK503]All videos are captured by a regular CCD camera and the first and second white arrows represent the polarization combination of incident/transmit, respectively.


[image: ]
[bookmark: OLE_LINK281][bookmark: OLE_LINK282]Fig. S1 The flow chart of the modified Gerchberg-Saxton algorithm for correlating all the required phase distribution. The red, blue and green parts of the chart represent the processes involved by the original images 1, 2, and 3, which are related to phase profile of φ1, φ2, and φ3, respectively. “FFT” and “IFFT” represent the Fourier transform and inverse Fourier transform.



[bookmark: OLE_LINK295][bookmark: OLE_LINK296][bookmark: OLE_LINK297][bookmark: OLE_LINK298][bookmark: OLE_LINK395]


[image: ]
[bookmark: OLE_LINK401][bookmark: OLE_LINK402][bookmark: OLE_LINK403][bookmark: OLE_LINK404][bookmark: OLE_LINK390][bookmark: OLE_LINK391][bookmark: OLE_LINK392][bookmark: OLE_LINK393][bookmark: OLE_LINK394]Fig. S2 Simulated and experimental results for the multichannel polarization-multiplexed hologram showing a cartoon person under illumination of linearly and circularly polarized light. The two white arrows at the corners indicate the input (first arrow) and the output (second arrow) polarizations of light. The dynamical behavior for a continuous rotation of the polarizer is shown in the video S4.

[image: ]
[bookmark: OLE_LINK472][bookmark: OLE_LINK473][bookmark: OLE_LINK492][bookmark: OLE_LINK493][bookmark: OLE_LINK490][bookmark: OLE_LINK491][bookmark: OLE_LINK16][bookmark: OLE_LINK475][bookmark: OLE_LINK476][bookmark: OLE_LINK479][bookmark: OLE_LINK480][bookmark: OLE_LINK481][bookmark: OLE_LINK482]Fig. S3 Statistical results of the number of each nanofin (different cross-sections and orientation angles) that are contained in our designed metasurface holograms. The solid spheres represent a different cross-section of the nanofins and the colors of spheres indicate the number of these nanofins with the particular cross-section. a Two-channel polarization- and angle-multiplexed hologram (“cartoon tiger”, “cartoon snowman”, “teapot”, “cup”) b Multichannel polarization-multiplexed hologram (“holography”, “meta”, “surface”) c Multichannel polarization-multiplexed hologram (“dice”) d Multichannel polarization-multiplexed hologram (“cartoon person”).

[image: ]
[bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK77][bookmark: OLE_LINK78]Fig. S4 Polarization conversion efficiencies of fabricated metasurfaces samples measured by FTIR. Tij represents the conversion efficiency when the incident light is j linearly polarized beams and the transmission is i linearly polarized. a Two channels polarization and angle multiplexed hologram (“cartoon tiger”, “cartoon snowman”, teapot, cup) b Multichannel polarization multiplexed holograms (“holography”, “meta”, “surface”) c Multichannel polarization multiplexed holograms (“dice”) d Multichannel polarization multiplexed holograms (“cartoon person”).

[image: ]
Fig. S5 Broadband properties of our designed metasurface holograms. The red arrows indicate the polarization of incident light. In the simulation, we replace the phase shift at different incident wavelengths generated by the metasurfaces for the reconstruction of the holographic image. For the experiment, we utilize a tunable laser for the investigation. Both the simulation and the experiment corresponding to each other. 







[image: ]
Fig. S6 Broadband effect for the multichannel vectorial hologram with the rotation of the azimuthal angles. The reconstruction spectrum ranges from 650 to 835 nm. For the experiment, we utilize a tunable laser for the investigation.












[bookmark: _GoBack][image: ]
[bookmark: OLE_LINK485][bookmark: OLE_LINK486]Fig. S7 a-e Phase shift of txx at different incident wavelengths compared to the working wavelength of 800 nm, which are used to reconstruct the hologram theoretically and help to explain the broadband effect of such dielectric metasurfaces.
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