ISSN.1003- 5();1X . CN 51 1346/04

BIR7 BTG R G R IRERMAT
Wi04m, AXIE, 8, gk, e, iE, 2=l

SR
W, e, £R, & BIRFETREREPBRERMSH[J]. SLE T, 2023, 50(8): 230060.

Liu SY, DuW J, Jiao J, et al. Analysis of spherical aberration effect in super-oscillatory telescopic imaging
system[J]. Opto-Electron Eng, 2023, 50(8): 230060.

https://doi.org/10.12086/0ee.2023.230060
Weis B HA: 2023-03-14; &2 B #A: 2023-05-08; % f HHA: 2023-05-13

AXRIBX

E TS5 B B TARE I 58 2 PR R R
BRte, HEOCHE, MR, WARSE
SR TR 2022, 49(11): 220056  doi: 10.12086/0e€.2022.220056

HFEBN YT EERERARIR
A%, R, WoUR, R, MIEE, FREI
KETE 2021, 48(12): 210399  doi: 10.12086/0ee.2021.210399

Crosstalk-free achromatic full Stokes imaging polarimetry metasurface enabled by polarization-dependent phase
optimization

Yaxin Zhang, Mingbo Pu, Jinjin Jin, Xinjian Lu, Yinghui Guo, Jixiang Cai, Fei Zhang, Yingli Ha, Qiong He, Mingfeng Xu, Xiong Li, Xiaoliang
Ma, Xiangang Luo

Opto-Electronic Advances 2022, 5(11): 220058 doi: 10.29026/0ea.2022.220058

Tt T e L

OEE & x4

Opto-Electronic Engineering

http://cn.oejournal.org/oee @ OE_Journal Website


https://www.oejournal.org/oee/
https://www.oejournal.org/oee/
https://doi.org/10.12086/oee.2023.230060
https://cn.oejournal.org/article/doi/10.12086/oee.2022.220056
https://doi.org/10.12086/oee.2022.220056
https://cn.oejournal.org/article/doi/10.12086/oee.2021.210399
https://doi.org/10.12086/oee.2021.210399
https://www.oejournal.org/article/doi/10.29026/oea.2022.220058
https://www.oejournal.org/article/doi/10.29026/oea.2022.220058
https://doi.org/10.29026/oea.2022.220058
https://cn.oejournal.org/article/doi/10.12086/oee.2023.230060?viewType=relative-article
https://cn.oejournal.org/article/doi/10.12086/oee.2023.230060?viewType=relative-article
https://cn.oejournal.org/article/doi/10.12086/oee.2023.230060?viewType=relative-article
http://cn.oejournal.org/oee

Opto-Electronic Engineering Art|C|e

% & x

‘ BRENAIHIE TR 2023 F, 55 50 %, 55 8 Hf

DOI: 10.12086/0ee.2023.230060

BRI R R G T
PRZE SN 73 4

WaH, HXET, BB, B 47,

W omt, ] &, Fxt

VIR B S 6 T AR AR, IR I 411105;
TR R EE A MR BE, DU AT 610054

TR R B R S TR, Uil 4R FH 6210105

o Bl B o F H R IS BTG T AR R sy, POJI] AR 610209

T EREFHPLZEZAT, RERAYMEASHAMNEZRE, ARAETREAFBERASY RAKAH A FAZ
FH, BIRZRZAND N . KXW T RRF DL RAEFRESREAG Y0, FHE T 2 R Gt Bk £ 69 53458
B. AFARFRIRGRE, AURKEMR GRALT &, KRR H LR A%, £ 532 nm THEK F44495 520 0.68
1A RIEG IS, MBS REGLZZARENTESHRFHEE, Z £ % EH¥ %R (root mean square,
RMS) 7#2it 0.041 42 K9 mBIRETIRT, fen =120 474, R OMW T Ew I/ERK Tk £ 2% &4
BAGFm. KRXERENE. RIERA. RBo#H 2R FAREA BAEG LA x.

XHEIE: BIRG; BiRAL%; KE; BmAHE

hESZES: TH743 NHEFRERD: A

Mgy, fEschs, falg, 45 IRV ELE AR R BRI 4T [J]. JEi TR, 2023, 50(8): 230060
Liu S'Y, Du W J, Jiao J, et al. Analysis of spherical aberration effect in super-oscillatory telescopic imaging system[J]. Opto-
Electron Eng, 2023, 50(8): 230060

Analysis of spherical aberration effect in super-
oscillatory telescopic imaging system

Liu Shaoyang', Du Wenjuan", Jiao Jiao®, Yao Na*, Sun Xu®, Ni Lei’, Li Wenkai"

!School of Physics and Optoelectronics, Xiangtan University, Xiangtan, Hunan 411105, China;

?School of Aeronautics & Astronautics, University of Electronic Science and Technology of China, Chengdu, Sichuan
610054, China;

*School of Manufacturing Science and Engineering, Southwest University of Science and Technology, Mianyang, Sichuan
621010, China;

* Assembly Center of Optical Engineering, Institute of Optics and Electronics, Chinese Academy of Sciences, Chengdu,
Sichuan 610209, China

Abstract: The spherical aberration is an important factor affecting the resolution power of super-oscillatory
telescopic systems. The reason is that the spherical aberration leads to a high sidelobe in the field of view of the
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intensity point spread function, which reduces the resolution of the system. In this paper, the effect of the spherical

aberration on imaging in a super-oscillatory telescopic system is analyzed and the allowable range of the primary

spherical aberration is determined. Based on the principle of optical super-oscillatory and the optimization method

of linear programming, a super-oscillatory telescopic system is designed. A resolution of 0.68 times the Rayleigh

criterion can be achieved under a working wavelength of 532 nm. A mathematical model for quantitative analysis of

the super-oscillatory telescopic system with the spherical aberration is established. The system can distinguish the

three-slit target under the interference of the primary spherical aberration with a root mean square (RMS) no more

than 0.041 times wavelength. The imaging effect of the narrow band working wavelength in the spherical aberration

system is analyzed. This paper has potential applications in optical measurement, environmental monitoring, super-

resolution telescope, and other fields.

Keywords: super-oscillatory; telescopic system; spherical aberration; Rayleigh criterion
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Fig. 1 Schematic of the super-oscillatory telescopic imaging system
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Fig. 3 (a) The intensity PSF along the diameter direction after optimization; (b) Phase modulation function of the SO
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Fig. 4 (a) The intensity PSF along the diameter direction in the super-oscillatory telescopic system;
(b) Distribution of the primary spherical aberration with a RMS value of 0.0424
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Analysis of spherical aberration effect in super-
oscillatory telescopic imaging system

Liu Shaoyangl, Du Wenjuanl*, Jiao ]iaoz, Yao Na? Sun Xu’, Ni Lei’, Li Wenkai®
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Schematic of super-oscillatory telescopic imaging system

Overview: Due to light diffraction, the angular resolution of the telescopic system cannot break through the Rayleigh
criterion 1.22A/D. Super-resolution imaging techniques such as fluorescent microscopy (FM) or Fourier ptychography
microscopy (FPM) applied to microscopic systems are difficult to be transplanted to telescopic systems. Using a super-
oscillatory lens (SOL) to modulate the light field can compress the focal spot and theoretically realize arbitrarily small
light energy convergence. The technique does not require marking the object or a special illuminated light field,
therefore, the technique can be applied to a telescopic system to achieve resolution beyond the Rayleigh criterion. In
optical systems, the spherical aberration reduces resolution and cannot be completely eliminated. Currently, the effects
of the spherical aberration on confocal microscopy (CM), wide-field microscope (WFM), and confocal light sheet
microscopy (CLSM) have been reported. There are few reports about the effect of the spherical aberration on the SOL,
especially in the field of telescopic imaging. In addition, for the super-oscillatory telescopic system, due to the processing
error, it is difficult to reach the theoretical value of correcting spherical aberration. Therefore, it is very important to
analyze the influence of the spherical aberration in the super-oscillatory telescopic system and determine the
corresponding allowable range of the spherical aberration. In this paper, the effect of the spherical aberration on imaging
in a super-oscillatory telescopic system is studied and the allowable range of the primary spherical aberration in the
system is calculated. In the field of view of 1.5 times the Rayleigh criterion, the spherical aberration will increse the
sidelobe of the intensity point spread function and reduce the resolution of the system. The SOL is the core of a super-
oscillatory telescopic system, which is designed based on the Torraldo method in this paper. This method transforms the
design problem of the SOL into an optimization problem, and then it becomes a linear programming problem. Optimal
parameters of the SOL are received by solving the global optimal solution of linear programming. The maximum
resolution of the system is 0.68 times the Rayleigh criterion at the working wavelength of 532 nm. A mathematical
model for quantitative analysis of the spherical aberration in a super-oscillatory telescopic system is established. The
system maximally allows the primary spherical aberration interference with a root mean square (RMS) of 0.041 times
wavelength. At the same time, the influence of the spherical aberration on the imaging of the system under a narrow
band is studied. This paper has potential applications in optical measurement, environmental monitoring, super-
resolution telescope, and other fields.

Liu SY, Du W J, Jiao J, et al. Analysis of spherical aberration effect in super-oscillatory telescopic imaging system[J].
Opto-Electron Eng, 2023, 50(8): 230060; DOI: 10.12086/0ee.2023.230060
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