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Abstract: We report the first demonstration of a metalens array fabricated on a 12-inch glass 

wafer for dot projection. Good uniformity in dot size is achieved, with a maximum deviation of 

8% to the simulated value. 
OCIS codes: (220.0220) Optical design and fabrication; (110.5220) Photolithography; (310.6628) Subwavelength structures, 

nanostructures.  

 

1. Introduction 

Metasurface provides an alternative scheme to implement optical components with various functionalities in a 

miniaturized size [1]. In these metasurface-based optical components, metalenses have attract a lot of research 

interests due to their wide applications [2-4]. Since the basic function of a metalens is to focus the incoming light 

beam to a spot at the focal plane, the metalens array can be used to generate a cloud of optical dots, which is useful 

for three-dimensional (3D) sensing, facial recognition and motion detection [5–7]. The consumer electronics 

demand the large-scale, cost-effective and mass-producible dot projector. However, for metasurface patterning, the 

electron beam lithography (EBL) is commonly used [3,4], it requires long processing time and hence cannot meet 

the demand for mass production. 

In this paper, we report the demonstration a metalens array on a 12-inch glass wafer working at 940 nm for dot 

projection. The metalens is designed using the 3D finite-difference time-domain (FDTD) method together with the 

ray tracing method, and then fabricated in house by a 12-inch complementary metal-oxide-semiconductor 

(CMOS)-compatible fabrication line [8-11]. The metalens array is characterized in an imaging system. The optical 

dots are observed by the beam profiler. The performance of the metalens agrees well with the simulation. 

2. Device Design, Fabrication and Characterization 

 
Fig. 1 (a) The schematic diagram of the proposed optical dot projector, (b) the configuration of the metalens as a building block 

in the array, the simulated E intensity of the metalens at the (c) focal and (d) propagation plane. 

The schematic diagram of the proposed dot projector is show in Fig. 1(a). The dot projector is composed by two 

layers of metasurfaces. The 1st layer metasurface is the metalens array, which focus the incoming light beam into the 

dot array on the focal plane, while the 2nd one is a whole metalens to project the dot array to a plane with a designed 

distance. The schematic configuration of the metalens in the array is shown in Fig. 1(b). It is built by engineering the 

spatial distribution of the nano cylindrical a-Si pillars on the glass substrate to meet a parabolic phase profile [11]. 

The 3D-FDTD simulation results of the 20 µm-diameter metalens are shown in Fig. 1(c) and 1(d). One can see that 
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the light beam is focused into a spot at a distance of 31.8 µm from the metalens surface, with a spot size of around 

1.7 µm. The spacing between two adjacent optical dots (focal spots) is 20 µm. In order to project the dots to a 

certain distance with larger spacing, a 2nd metalens is needed. The magnification of the dot spacing, can be 

expressed as 

 
Where f is the focal length, a+f is the object distance, d+f is projected plane distance, h is the original spacing 

between two dots, and w is the dot spacing at the projected plane. All the parameters are marked in Fig. 2(a). To 

save the calculating time, a 3 × 3 metalens array is simulated for concept proof. The simulated E intensity profile at 

the 3 × 3 metalens array surface is shown in Fig. 2(b). After a propagating distance of the focal length, the 3 × 3 

optical dots are formed at the focal plane (~31.8 µm from the metalen array surface) with a spacing of 20 µm, as 

shown Fig. 2(b). By a design of A=100, after the propagation through the 2nd metalens, the spacing between the dots 

is enlarged to 2 mm as shown in Fig. 2(d), which is 100 times magnification of the original spacing. In this dot 

projection system, the metalens array is the key component, thus we will focus on the demonstration of it in the rest 

part. 

 
Fig. 2 (a) The schematic diagram of the beam propagation through the 2nd metalens, the simulated E intensity profile at (b) the 

surface and (c) the focal plane of the metalens array, (d) the simulated E intensity profile with 100 times magnification of dot 

spacing after the 2nd metalens. 

The metalens array is fabricated using the CMOS-compatible fabrication facilities. A 400 nm thick a-Si is 

deposited using the plasma-enhanced chemical vapor deposition (PECVD) on a 12-inch glass substrate. Two opaque 

thin film layers are used at the bottom and the top of the wafer to overcome the wafer non-detectable issue in the 

fabrication machine and the focusing of the UV light during the photolithography process, respectively. The 193 nm 

ArF DUV and inductively coupled plasma (ICP) etch were used to make the a-Si pillars of the metalens. 

The photograph of the fabricated a-Si metalens array on a 12-inch glass wafer is shown in Fig. 3 (a). The metalens 

array in one of the repeated dies is located at where the white arrow points. The characterization setup is the same 

with that used in [11]. Fig. 3(b) and 3(c) are the scanning electron microscope (SEM) pictures showing part of the 

metalens array and the building block metalens, respectively. The E intensity profile at the metalens array surface 

and focal plane are shown in Fig. 3(d) and 3(e). It can be observed clearly that the dot array is captured by the beam 

profiler. The E intensity at the propagation plane of the x cut is shown in Fig. 3(f). The measured focal length is 

around 32 µm, which is quite close to the designed 31.8 µm (NA=0.3). The optical intensity of the x cut is plotted in 

Fig. 3(g), from which the extracted spot/dot size (the width at half maximum) is ranging from 1.6 µm to 1.86 µm, 

which is close to the numerically simulated dot size of 1.74 µm. The dot size deviation may attribute to the 

imperfect a-Si pillar dimensions and random defects induced in the fabrication process. It will be improved by 

optimizing the fabrication process. 

(1) 
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Fig. 3 (a) The photograph of the fabricated a-Si metalens array on a 12-inch glass wafer, the SEM pictures of (b) the metalens 

array and (c) the building block metalens, the measured E intensity at the (d) metalens surface, (e) focal plane, and (f) 

propagation plane, (g) the normalized optical intensity of the dots on the x cut line. Limited to the size of the opto-electronic 

sensor, 13 × 18 dots are observed rather than the designed 25 × 25. 

3. Conclusion 

In summary, a 25 × 25 metalens array working at 940 nm for dot projection is realized on a 12-inch glass wafer 

using CMOS-compatible technology. The measurement results agree well with the design. The demonstrated 

mass-producible dot projector with a miniature size has potential applications in the compact consumer electronics 

for 3D sensing, facial recognition and motion detection. 
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