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Supplementary Note 1: Phase and amplitude distributions 

 

Figure S1. Theoretical phase distributions. (a-c) Phase distributions of the nonaplanatic 

metalens at 490 (a), 570 (b), and 700 nm (c), respectively. (d-f) Phase distributions of 

the aplanatic metalens at 490 (d), 570 (e), and 700 nm (f), respectively. (g-i) 

Distributions of phase difference between the nonaplanatic and aplanatic metalenses at 

490 (g), 570 (h), and 700 nm (i), respectively. The nonaplanatic and aplanatic 

metalenses are with the same focal length of 365 μm and the same NA of 0.635. 

Considering the fabrication feasibility, the diameter of the circles (or their 

compensation) is within the range of 100-350 nm. The outer and inner diameters of the 

rings (or their compensation) are within the range of 200-350 nm and 100-250 nm, 

respectively, and the difference between the inner and outer diameters is kept larger 

than 100 nm. 

 



 

 

 

Figure S2. Phase and amplitude distributions realized by the metasurface units. (a-c) 

Phase distributions of the RGB-achromatic aplanatic metalens at 490 (a), 570 (b), and 

700 nm (c). (d-f) Amplitude distributions of the RGB-achromatic aplanatic metalens at 

490 (d), 570 (e), and 700 nm (f). The RGB-achromatic aplanatic metalens is with a 

focal length of 365 μm and an NA of 0.635.  



 

 

Supplementary Note 2: Analysis of imaging performance with Fresnel diffraction 

 

Figure S3. Simulation results with Fresnel diffraction. (a-b) The maximum 2E  on 

the imaging plane [ 2max( )E ] and full width at half-maximum (FWHM) as a function 

of the lateral distance of the object point to the optical axis, or , for the RGB-achromatic  

aplanatic (a) and nonaplanatic (b) metalenses. The object distance is fixed at 

700 μms = . (c-d) 2max( )E  and FWHM as a function of object distance, s . The 

phase profiles of the RGB-achromatic aplanatic and nonaplanatic metalens are the same 

as that in Fig. 1b, e. In the simulation, the object is set as a 200 nm × 200 nm square 

with uniform electric field amplitude of 1 V/m. The SiO2 substrate is with a thickness 

of 400 μmst = , and the incident wavelength is 570 nm.  



 

 

Supplementary Note 3: Numerical simulations for the metalenses 

 

Figure S4. Simulated focusing results of the metalenses. (a-c) Contour plots of 

normalized 2E  versus   and z under x-polarized normal incidence for an RGB-

achromatic aplanatic metalens (a), an RGB-achromatic nonaplanatic metalens (b), and 

a chromatic nonaplanatic metalens (c). All these metalenses are with 10 μms = , 

30 μms = , 5 μmst = , and a diameter of 20.4 μm.  

  



 

 

 

Figure S5. The imaging results of the metalenses illuminated by a point source from 

FDTD simulation. (a-f) Normalized 
2E   distributions in the x-z plane and field 

intensity profiles along the z-axis for an RGB-achromatic aplanatic metalens (a-c), and 

for an RGB-achromatic nonaplanatic metalens (d-f). (g-i) Comparison of the spherical 

aberration ( / 's s ) between an RGB-achromatic aplanatic and nonaplanatic metalens 

at 490 nm (g), 570 nm (h), and 700 nm (i). The geometrical parameters, and object and 

imaging distances are all the same as those used in Figure S4. 

  



 

 

 

Figure S6. Simulated imaging results of the metalenses. Normalized 2E  

distributions in the image plane for an RGB-achromatic aplanatic metalens (a-c), an 

RGB-achromatic nonaplanatic metalens (d-f), and a chromatic nonaplanatic metalens 

(g-i). The light source is composed of four point-sources on the vertices of a 1 μm × 1 

μm square centered on the optical axis. All these metalenses are with 10 μms = , 

30 μms = , 5 μmst = , and a diameter of 20.4 μm. 



 

 

 

Figure S7. Simulated imaging results of RGB-achromatic aplanatic metalens with 

different magnifications. Normalized 2E  distributions in the image plane for an 

RGB-achromatic aplanatic metalens with 10 μms =  and 30 μms = (a-c), 

10 μms =  and 50 μms =  (d-f), and 10 μms =  and 100 μms =  (g-i). The light 

source is composed of four point-sources on the vertices of a 1 μm × 1 μm square 

centered on the optical axis. All these metalenses are with 5 μmst =  and a diameter 

of 20.4 μm.  



 

 

Supplementary Note 4: Sample fabrication and measurement setup 

 

Figure S8. Sample fabrication process. A silica film is deposited on an SOI wafer using 

inductively coupled plasma chemical vapor deposition (ICP-CVD), followed by spin-

coating of the adhesive NOA61. Then, the SOI wafer with silica and NOA61, is bonded 

with a fused SiO2 substrate. After exposing with UV light for 4 hours and baking at 

50 °C for 3 days, the silicon substrate is removed with polishing and deep reactive ion 

etching (DRIE), the SiO2 box layer is removed with HF acid, and the c-Si layer is 

reduced to 600 nm with ICP. Finally, EBL process and ICP etching are used to obtain 

the patterned c-Si metasurface.  

 

 

 

 



 

 

 

Figure S9. Measurement setup. (a) Measurement setup for focusing. The light from a 

tunable laser (NKT-SuperK EXTREME) is collected by O1 (objective 1, Sigmakoki 

EPL-5, 5×, NA = 0.13) and focused by the metalens. The light field is photographed by 

O2 (objective 2, Sigmakoki EPLE-50, 50×, NA = 0.55), TL (tube lens, Thorlabs, 

ITL200), and the CCD camera (Hamamatsu, C13440-20CU), all of which are mounted 

on the same displacement platform to scan different planes. (b) Measurement setup for 

resolution evaluation. Wide-spectrum white light from a lamp (Thorlabs, SLS401) is 

filtered by a band-pass filter (Shenzhen NMOT, BP490/BP570/BP700, centered at 490, 

570, and 700 nm, respectively, bandwidth of ~20 nm) to characterize the 

monochromatic imaging performance. The incident light passes through a diffuser to 

reduce the speckles, and is then collected by O1 to illuminate the resolution chart (the 

negative 1951 United States Air Force resolution test chart). The image of the metalens 

is finally photographed by O2, TL, and the CCD camera (monochromatic imaging: 

Hamamatsu, C13440-20CU). (c) Measurement setup for imaging. The incident light 

passes through a diffuser to reduce the speckles, and is then collected by O1 to 

illuminate the slide. For the measurement of color imaging, the filter is removed. The 

slide for monochromatic imaging is a bee made of a thin Cr film with the laser direct 

writing method, and the slide for color imaging is fabricated with color printing on 

highly transparent plastic boards. The image of the slide is zoomed by O3 (objective 3, 

Sigmakoki EPL-10, 10×, NA = 0.3) to work as the object, which is further imaged by 



 

 

the metalens. The image of the metalens is finally photographed by O2, TL, and the 

CCD camera (monochromatic imaging: Hamamatsu, C13440-20CU; color imaging: 

Thorlabs, DCU224C).  



 

 

Supplementary Note 5: Microscopic imaging of the metalenses  

 

Figure S10. Measured focusing performance of the RGB-achromatic nonaplanatic 

metalens. (a-c) Light intensity distributions in the x-z plane under a normal incidence 

at 490 (a), 570 (b), and 700 nm (c). (d-f) The corresponding field intensity profiles 

along the yellow dashed lines in (a-c). 



 

 

 

Figure S11. Simulation results with Fresnel diffraction under the illumination of a point 

source. (a-c) Normalized  2E  distributions in the image plane and field intensity 

profiles along the focusing spots at 490 nm (a), 570 nm (b), and 700 nm (c) for the 

RGB-achromatic aplanatic metalens. (d-f) Normalized 2E  distributions in the image 

plane and intensity profiles along the focusing spots at 490 nm (d), 570 nm (e), and 700 

nm (f) for the RGB-achromatic nonaplanatic metalens. In the simulation, the object is 

assumed to be a 200 nm × 200 nm square and has a distance of 700 μms = from the 

metalenses. The electric field amplitude for the object is assumed to be 1 V/m.  



 

 

 

Figure S12. Color imaging performance. (a-c) Images of the color slides without 

metalens. (d-f) Color images with the aplanatic and achromatic metalens, which are 

measured with the setup in Figure S9(c) (without the filter).   

  



 

 

 

Supplementary Table S1. Performance comparison. 

Reference  NA Aplanatic Achromatic Experimental 

verification 

Compact 

component 

Wave-

band 

 [A1] 0.8     VIS 

 [A2], [A3] 0.1-

0.85 
    

NIR 

 [A4], [A5], 

[A6] 

0.02-

0.2 
    

VIS 

 [A7] 0.7     VIS 

 [A8] 0.42     NIR 

 [A9] 0.04     NIR 

 [A10] 0.5     VIS 

 [A11], [A12] 0.8 
 

   

VIS 

 [A13] 0.78 
 

 

  

VIS 

 [A14] 1.45 
    

VIS 

 [A15] 0.7     VIS 

Our work 0.635 
    

VIS 
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