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Photonic-integrated interferometric array field-of-view splicing

subaperture optical path design
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Abstract: The photonic integrated interferometric imaging system generally adds single-mode fiber arrays at
the focal plane of the subaperture and completes the large-field-of-view splicing imaging by receiving beams
with different field-of-view angles. However, the direct use of fiber arrays leads to discontinuity of the ima-
ging field-of-view and causes the focal length of the subaperture to lengthen, and the thickness is increased
substantially. To address the above problems, we propose a combination of microlens arrays and fiber optic
arrays to subdivide the subaperture image plane to achieve a seamless splicing of the field-of-view, and to
significantly reduces the overall thickness of the subaperture array through the combination of the telephoto

objective lens and the three-lens spatial compression plate. The design results show that by adding 65x65 mi-
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crolens array in front of the fiber array to focus the beam twice to achieve the system field of view seamless

splicing, the field of view is expanded 65 times, the full field of view is 0.048 9°, the efficiency of spatial op-

tical coupling in the center of each fiber in the single-mode fiber array is not less than 40% when the visible

light is incident, and after adding the spatial compression plate to compress the free-space light path, the

overall thickness of the system achieves one order of magnitude compression. This design realizes photonic

integrated interference imaging system large field of view seamless splicing imaging at the same time,

provides a new way for the solution of the problem of excessive thickness in ultra-long focal length lenses.

Key words: optical design; synthetic aperture; long focal length; visible-light imaging; fiber optic coupling
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Tab.1 Subaperture design parameters

Parameters Specifications
Wavelength/nm 400-680
Field-of-view 2w/° 0.04809
F-number 200.8
Focal length/mm —9680.54
Total length/mm 478.98
Compression ratio 17.6
Telephoto ratio 0.0495
Back focal length/mm 30
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Fig. 6 Structural diagram of subaperture system
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Tab.2 Single-mode fiber array parameters

Parameters Specifications
Array number 65%65
Core diameter/um 3
Cladding diameter/um 125
Numerical aperture 0.12
Operating wavelength/nm 400~680

mode field diameter/um 3.3@405 nm
(1/€*fit — near field) 4.6@630 pm

®3 MBREISH

Tab.3 Microlens array parameters

Parameters Specifications
Array number 65%65
Subunit shape Square

materials Fused silica
Focal length/mm 0.523
Thickness/mm 0.5
Microlens pitch/um 125

P LS FRGE B S 4 A B R g S50
24 R

x4 RGsY

Tab.4 System parameters

Parameters Specifications
Wavelength/nm 400~680
Field-of-view 2w/° 0.04809
F-number 52
Focal length/mm —250.923
Total length/mm 459.663
Numerical Aperture 0.0958
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Tab.5 Fiber coupling efficiency of each field of view

Field of view F d C

0° 0.565365 0.444 582 0.450298
0.0170177° 0.587243 0.404 386 0.481939
0.0236768° 0.610009 0.424 886 0.451323
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Tab. 6 Tolerance of subaperture

Parameters Specifications
Surface radius/mm +0.02
Thickness/mm +0.02
Surface decenter/mm +0.02
Surface tilt/° +0.01
Element decenter/mm +0.05
Element tilt/° +0.02
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Tab.7 Tolerance analysis result of subaperture

Parameters Specifications
The average MTF 0.35209144
MTF value of 98% >0.21276278
MTF value of 90% >(0.27879303
MTF value of 80%° >0.31568496
MTF value of 50% >0.36178363
MTF value of 20% >0.39748697
MTF value of 10% >0.408 128 05

MTF value of 2% >0.421063 48
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Tab.8 Mechancial position tolerance of fiber coupling

Parameters Specifications

Longitudinal tolerance/mm +0.025
Transvers tolerance/um 0.711
angular deviation/° +3
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