


























































































































M39-07815.PCT 

-62- 

WHAT IS CLAIMED IS: 

1. A polarization imaging device comprising: 

a metasurface lenslet array comprising: 

a plurality of metasurface lenslets, wherein the plurality of metasurface lenslets 

comprise a plurality of first metasurface lenslets configured to diffract light with intensity 

proportional to a first polarization light in a first direction and intensity proportionality to a 

second polarization in a second direction; and 

a plurality of second metasurface lenslets interspersed among the first 

metasurface lenslets and configured to diffract the light with intensity proportional to a 

third polarization in a third direction and intensity proportional to a fourth polarization in a 

fourth direction; and 

an image sensor positioned in the optical path of the first polarization and the 

second polarization, and wherein the image sensor comprises a plurality of image sensing 

units including: 

a first image sensing unit positioned to sense the first polarization, 

a second image sensing unit positioned to sense the second polarization, 

a third image sensing unit positioned to sense the third polarization, 

a fourth image sensing unit positioned to sense the fourth polarization, and 

a fifth image sensing unit interspersed with one or more of the first, second, third, 

and fourth image sensing units, where the light incident on the fifth sensing unit has not 

passed through and been diffracted by either of the first metasurface lenslets or the 

second metasurface lenslets. 

2. The polarization imaging device of claim 1, wherein the plurality of image sensing 

units are different pixels and/or regions of the image sensor. 

3. The polarization imaging device of claim 1, wherein the first polarization and the 

third polarization are the same polarization and wherein the second polarization and the 

fourth polarization light are the same polarization. 
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4. The polarization imaging device of claim 1, wherein the first metasurface lenslets 

are further configured to pass a zero order light in a fifth direction.  

5. The polarization imaging device of claim 4, wherein the third direction is different 

from the first direction and the second direction. 

6. The polarization imaging device of claim 5, wherein the plurality of image sensing 

units further comprises a sixth image sensing unit configured to sense the zero order light. 

7. The polarization imaging device of claim 1, wherein the third direction is the same 

as the first direction. 

8. The polarization imaging device of claim 1, further comprising a microlens array 

and wherein the metasurface lenslet array comprises a polarization metasurface. 

9. The polarization imaging device of claim 8, wherein the microlens array is 

configured to separate the image light into different pixels. 

10. The polarization imaging device of claim 9, wherein a first subject of microlenses 

overlaps the first metasurface lenslets and the second metasurface lenslet, and wherein 

a second subset of microlenses do not overlap the first metasurface lenslets and the 

second metasurface lenslets such that the second subset of microlenses pass 

undiffracted light to the fifth image sensing unit, wherein the fifth image sensing unit is 

configured to sense the undiffracted light to measure the intensity of the undiffracted light. 

11. The polarization imaging device of claim 8, wherein the microlens array is a planar 

microlens array layer. 

12. The polarization imaging device of claim 8, wherein the microlens array and the 

polarization metasurface are positioned on a single substrate. 
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13. The polarization imaging device of claim 8, wherein the microlens array comprises 

metasurface elements. 

14. The polarization imaging device of claim 8, wherein the microlens array comprises 

a combination of at least one traditional refractive microlens and at least one metasurface 

element. 

15. The polarization imaging device of claim 1, further comprising a microlens array 

including a plurality of separate microlenses that output collimated light into the 

metasurface lenslet array. 

16. The polarization imaging device of claim 15, wherein the plurality of separated 

microlenses are positioned between adjacent image sensing units such that the light from 

the plurality of separate microlenses is diffracted by the plurality of first metasurface 

lenslets and the plurality of second metasurface lenslets in opposite oblique directions 

into the adjacent image sensing units. 

17. The polarization imaging device of claim 1, wherein the first metasurface lenslets 

are further configured to diffract light with intensity proportional to a fifth polarization in a 

fifth direction. 

18. The polarization imaging device of claim 17, wherein fifth direction is different from 

the first and the second direction. 


