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Polarization integrated infrared detector and imaging based on
metalens structure
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Abstract: Due to the close pixel size and working wavelength of the focal plane polarization integrated infrared detec-
tor, diffraction effects cause severe crosstalk between adjacent pixels with different polarized light. A single traditional

metal grating structure cannot achieve high extinction ratio polarization detection chips. This article proposes and de-
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signs a metasurface lens stacked polarization integrated infrared detector structure, studies the optical field convergence

ability of metalens for different wavelengths of infrared light waves, prepares metastructural lenses and submicron grat-

ing structures, and integrates them with infrared focal planes. The polarization extinction ratio of the device exceeds 15:

1, and dynamic and variable temperature objects are selected for polarization imaging experiments, demonstrating the

imaging advantages of polarization integrated devices with focal planes.

Key words: metalens, infrared focal plane, polarization field convergence, polarization imaging
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focal plane polarization detector: (a) 3D view; (b) x-z cross-

Schematic diagram of a metasurface lens integrated

sectional view
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Fig. 2 Optimizing polarization grating parameters and analyzing optical crosstalk in polarization element light fields: (a) relation-
ship between TM light transmittance and grating height; (b) relationship between TM light transmittance and grating height; (c)
relationship between polarization extinction ratio and grating height; (d) TM and TE light field distributions for different grating
heights; (e) light field distribution of TM light incident on a 30 um center spacing with 90° and 0° arrangement directions; (f)
light intensity distribution at distances of 10 um, 20 pm, 30 pm, 40 um, and 50 pm behind the grating in Fig. (e); (g) relation-
ship between the integrated light field intensity, transmitted light intensity extinction ratio, and grating distance within the spatial

ranges of 0-30 um and 30-60 um in Fig. (f)
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Fig. 3 Optimizing geometric parameters of metalens: (a) re-

lationship between propagation phase and the radius of the na-
no-silicon pillar; (b) phase requirement relationship of maxi-
mum/minimum working wavelengths of 3.7 um and 4. 8 um
and broadband phase compensation, respectively, with a de-
signed focal length of 180 um; (c) phase matching distribu-
tion and spatial phase distribution within a 30 pm X 30 um spa-
tial range; (d) x-y plane diagram of the metalens with a 30 um

center-to-center pixel spacing
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Fig. 4 Metalens light field focusing and monolithic integration simulation results: (a) light field focusing diagrams in the x-z

plane for TM light with wavelengths of 3. 7 um, 4.3 pum, and 4. 8 um incident on the metalens; (b) light field intensity distribu-
tion along the z-direction at x=0 for different wavelengths; (c) light field distribution in the x-y plane at z=181 pum corresponding to
the yellow dashed line in Fig. (a); (d) light field intensity distribution along the x-coordinate direction at y=0 (yellow dashed line
in Fig. (c)); (e) light field distribution for different wavelengths incident on the integrated metalens and detector pixel; (f) rela-
tionship between the extinction ratio of the polarization-integrated detector with and without the metalens array and the integration

distance
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Fig. 5 Structural and optical performance of polarization gratings and metalens: (a) polarization grating array sample; (b) photo-
graph of the polarization grating array sample; (¢) SEM image of the polarization grating array sample; (d) metalens array sam-

ple; (e) SEM image of the metalens array sample; (f) light focusing effect test image of the metalens array sample
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Fig. 6 Photograph and test results of the division of focal plane polarization-integrated detector: (a) photograph of the focal plane

polarization integrated detector; (b) schematic diagram of detector polarization performance; (c) polarization response diagram of

polarization integrated detector
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Fig. 7 Laboratory imaging results of the mid-wave infrared
division-of-focal-plane polarization-integrated detector: (a)
static fan; (b) imaging comparison of rotating fan intensity
and polarization degree; (c) comparison of intensity and polar-
ization imaging of variable temperature funnel at 7, time; (d)
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