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1. Impact of nanostructure volume shrinkage on the device
Sb2S3 alloys, like many other phase change materials, experiences volume contraction after 
being switched to its crystalline state. The volume of Sb2S3 contracts as crystallization occurs. 
So far, we haven’t seen experimental data quantifying the amount of contraction. Hence, we 
will use the result from a similar phase change material, GST, which displays about 7% density 
increment at crystalline state [1, 2], to produce a rough estimate.

In our design, since all the structures are buried in the silica, we assumed all change occurs 
to the height. It will shrink to around 465 nm at Function 2 when all Sb2S3 is switched to the 
crystalline state. We included this effect in our simulation to test the impact to the device 
performance. The result (Fig. S1) shows that the A2 array indeed benefits from this volume 
shrinkage. The transmission increases from 73% to 77%, while that of the 575 nm does not 
have noticeable change.

Fig. S1 Transmission of A2 array at 575 nm and 825 nm.

2. Geometrical phase delay introduced by the rotated nanobars
Figure. S2 shows the phase responses of the A1 and A2 arrays at their corresponding working 
states. The simulation is carried out in COMSOL by monitoring the forward scattering phase 
delay of the orthogonal polarization as it sweeps the incident wavelength and the nanobar 
rotation angle. In data processing, since dispersion is not the primary interest in this study, the 
phase functions are only unwrapped along the horizontal axis and then aligned at 0 rotation 
angle for easier data comparison. Figure. S2 (a) is the phase responses of A1 array at amorphous 
Sb2S3. The wavelength covers 500-750 nm, which is the transmission window of this array. 
Similarly, the phase responses of A2 at crystalline Sb2S3 is shown in Fig. S2 (b).
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Fig. S2 (a) Phase responses from A1 array at amorphous Sb2S3. (b) Phase responses from A2 
array at crystalline Sb2S3. The phase functions are only unwrapped along the rotation angle axis. 
Phase functions of all wavelengths are aligned at 0 rotation angle for comparison.

The phase response of either array increases from 0 to 2 monotonically as rotation angle 
sweeps from 0 to 180.

3. Imaging simulation with angular spectrum method
Results of the image simulation in the main text (Fig. 3 and Fig. 4) are generated with angular 
spectrum method [3]. The scalar diffraction process of a field from the aperture plane to the 
destination plane is by filtering the angular spectrum (in the Fourier domain) with a free-space 
transfer function, exp 𝑖 2𝜋

𝜆
𝑧 1 ― 𝛼2 ― 𝛽2 , where 𝛼 and 𝛽 are the directional cosines. The 

input and the output of the propagation should both be complex functions in the real space. 
Thus, Fourier transform and inverse Fourier transform are both needed for one beam 
propagation. Since we use a 4f system, the full beam propagation process is: 1) beam 
propagation from the source to the lens. 2) Multiplication with the lens pupil function. 3) Beam 
propagation from the lens to the metasurface. 4) Multiplication with the metasurface pupil 
function. 5) Beam propagation from the metasurface to the lens. 6) Multiplication with the lens 
pupil function. 7) Beam propagation from the lens to the image plane. Only the intensity is 
measured on this plane. The polarization conversion, however, is not explicitly modeled in this 
simulation, since interference only occurs for fields of the same polarization.
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