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Research on achromatic metalens in mid infrared
band based on artificial neural networks
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Abstract: A chromatic aberration metalens with ideal focal length of 250 pwm at the mid infrared band 3.6 ~3.8 pm
is designed based on artificial neural networks method. Sample of 20 frequency points at the working band are collect-
ed,and an average focal length of 227. 58 pum and an average focusing efficiency of 8. 19 % are obtained. The sub-
strate of the meta-unit is silicon dioxide,and the dielectric unit is a combination of two nano silicon bricks. The phase
control of the meta-unit is achieved based on resonance phase and geometric phase. The trained artificial neural net-
work can use any structural parameters of the meta-unit to predict the corresponding phase response. The training loss
of the network model is 2. 54 x 10 > ,and the prediction time of the real and imaginary parts of the phase response is
less than 0. 2 seconds under this model. This work provides a novel design approach fora new idea for the research and
development of achromatic meta-lenses.
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Fig. 1 Compensation phase contour map of metalens
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Tab. 1 Range of structural parameter variation

for meta-unit
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Theta 0~180 10
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Fig. 4 Artificial neural network schematic diagram
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Tab. 2 Performance parameters of metalenses

iaNE S, DB fR I/ pm SR 2/ % D5 NA FWHM/ pum RERAE/ %

1 223. 8812 10. 4475 0.2180 4.75294 12.1224
2 223. 8812 10. 4475 0.2180 4.75294 11. 5540
3 228.8119 8.4752 0.2135 4.75294 11.0378
4 223.8812 10. 4475 0.2180 4.5549 10. 7025
5 223. 8812 10. 4475 0. 2180 4.5549 10. 2009
6 223. 8812 10. 4475 0. 2180 4.5549 9.7139

7 228.8119 8.4752 0.2135 4.5549 9.2451
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(8i)
WK Py FLAERE/ m FEIEIR I/ % 73 NA FWHM/ pum PR/ %
8 228. 8119 8. 4752 0.2135 4.5549 8.7919
9 228. 8119 8. 4752 0.2135 4.5549 8. 3456
10 228.8119 8. 4752 0.2135 4.5549 8. 1165
11 228.8119 8. 4752 0.2135 4.5549 7.7362
12 228.8119 8. 4752 0.2135 4.5549 7.3977
13 228.8119 8. 4752 0.2135 4. 5549 7.0782
14 228.8119 8. 4752 0.2135 4. 5549 6.7520
15 228.8119 8. 4752 0.2135 4. 5549 6. 4666
16 228.8119 8. 4752 0.2135 4.5549 6. 1998
17 228.8119 8. 4752 0.2135 4.5549 5.8432
18 228.8119 8. 4752 0.2135 4.5549 5.7501
19 228.8119 8. 4752 0.2135 4.5549 5.5482
20 228.8119 8. 4752 0.2135 4.5549 5.2874
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