3T W WSR2 4 CH AABR2E D Vol. 37 No. 1
2024 4FE 2 A Journal of Liaocheng University (Nat. Sci. Ed. ) Feb. 2024

LB 1672-6634(2024)01-0016-07 DOI  10.19728/j. issn1672-6634. 2023070008

KT TiO, ME2LoM R BAR fLE2 . i AL ROR
r B AR 2 RIEBL

BOKLERIEYE R AN R, E AR

(1. WK YrEiRlE 515 8 TREE, IR Wi 252059;2. MRS INAE Gl fERF S HARESLRE,
AR W 25205953, JERTHRHLR S f5 BOL 7% 5Ll 5 A 580 %, b at 100876)

fif B AR ARALIAdE R EEGT T — AT TiO, Atey AR 3E B B F S B 2R & 374 & £ Tk K A 4
MERRER, TERAKRMAAILE G RAHE G ESF DI, Ao LA R G RRARE, K
TR BB R £ o ik b 3R th 0g B AL M4 B Ae oo 47, TAE S K 4 850 nm B, iZ &4 B R A 90.5%, £
FEZF 10, 4 pm, BB F FH AL A 0. 61 pm, @45 AAF 2] 69 BB AT 547, THEAEILE A 0. 92, K
BACEZEL 91.07%,H#A 0.41 dB, FH T SR AE SR EXEZ NG T B, TEDNEBH AR TR
AT MR EIESRAR .,

Kt BWHEE R KA ERMRCRARBEM; A REL: S REAKE
thE 4 TN214,0436 L
kbR A TF BB CRRR %) b LS (OSID)  EeRE

Focusing Lens with Large Numerical Aperture, High
Focusing Efficiency and High Transmissivity Based

on TiO, in the Near Infrared Operating

LI Zhen', NIU Huijuan"'**, GAO Song', FAN Xinye''?,
DUAN Xiaofeng®, HUANG Yongqing®

(1. School of Physical Science and Information Engineering Liaocheng University, Liaocheng 252059, China; 2. Shandong
Key Laboratory of Optical Communication Science and Technology, Liaocheng University, Liaocheng 252059, China;
3. State Key Laboratory of Information Photonics and Optical Communications.

Beijing University of Posts and Telecommunications. Beijing 100876, China)

Abstract A converging lens based on TiO, material with a non-periodic concentric circular high-contrast
sub-wavelength gratings structure has been designed using phase modulation principles. This lens achieves

a large numerical aperture, high focusing efficiency, high transmittance, and low-loss characteristics. It
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also possesses the advantages of compact size and easy integration. The lens structure was simulated and
analyzed using the finite-difference time-domain method. At a working wavelength of 850 nm, the lens had

a transmission efficiency of 90. 5%, the focal length of approximately 10. 4 pm, and the full width at half
maximum of the focal spot of 0. 61 pm. By analyzing the simulation data, the numerical aperture of the

lens was determined to be 0. 92, with a high focusing efficiency of 91. 07% and the loss of 0. 41 dB. The
lens balances the contradiction between high numerical aperture and high focusing efficiency, and can a-
chieve point convergence close to the diffraction limit in a small device diameter.

Key words high-contrast sub-wavelength gratings; non-periodic concentric circular structure; focusing

lens; high focusing efficiency
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