Cy )
¢ /J c(/)ffwm(’( %r S rogres

&

7 . ) 74
af e {((mz aread ((/grt/«/ e C/?/d
Y y

[/

S (Lrectss

7”%9 Vncted Ioatze Sotent-and Trademark %ﬁz A wecevved

an (yfzéad’wzz /‘[7'7" @ /dz’&m’ /2717‘ @ neren and :m{(/efc/ cneentin. e ot

and aéfc-f%&bn ?/’ t%e cnventeon are enclosid, € —Zé Wm-%em[ﬂ&i
?/ﬂ Yarer Kave lecn corrjééé(/ wriil and o Kot leen detormencd Mok
(JMM on K2 cvention Jéf&/?‘wﬂ&/aﬂ({(t the lare.

3 7%-7%1&, ,//(z} ?/mé’(a/ ¢ f/[zft’k«f

grants to the person(s) having title to this patent the right to exclude others from making,
using, offering for sale, or selling the invention throughout the United States of America or
importing the invention into the United States of America, and if the invention is a process,
of the right to exclude others from using, offering for sale or selling throughout the United
States of America, products made by that process, for the term set forth in 35 u.s.c. 154(a)(2)
or (¢)(1), subject to the payment of maintenance fees as provided by 35 v.s.c. 41(b). See the

Maintenance Fee Notice on the inside of the cover.

(/7/&:;3 Kodwine KU‘ Vidad_ <

DirecTOR oF THE UNITED STATES PATENT AND TRADEMARK OFFICE



(12)

(54)

(7m)

(72)

(73)

{(*)

(21
(22)

(65)

(60)

(51)

(52)

(58)

United States Patent

Luo et al.

METASURFACE BASED DEVICE FOR
GENERATING ABRUPT AUTOFOCUSING

BEAM

Applicant:

Inventors:

Assignee:

Notice:

Appl. No.:

Filed:

US 2021/0373200 Al

National Taiwan University, Taipei
(TW)

Yuan Luo, Taipei (TW); Din Ping Tsai,
Taipei (TW); Pan-Chyr Yang, Taipei
(TW)

NATIONAL TAIWAN UNIVERSITY,
Taipei (TW)

Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 443 days.

17/337,178

Jun. 2, 2021

Prior Publication Data
Dec. 2, 2021

Related U.S. Application Data

Provisional
2, 2020.

Int. Cl.
GO2B 1/00
GO2B 5/18
GO2B 5/30
U.S. CL

GPE samn

application No. 63/033,229, filed on Jun.

(2006.01)
(2006.01)
(2006.01)

GO2B 1/002 (2013.01); GO2B 5/1814

(2013.01); GO2B 5/3083 (2013.01); GO2B

2207/101 (2013.01)

Field of Classification Search
CPC ... GO2B 1/002; GO2B 5/1814; G0O2B 5/3083;

GO02B 2207/101; GO2B 5/1809; GO2B
27/142-425; GO2B 2005/1804

See application file for complete search history.

b2

20

" 90a

i | B 213

220

202 22

US012013513B2

(10) Patent No.:
45) Date of Patent:

US 12,013,513 B2
Jun. 18, 2024

(56) References Cited
U.S. PATENT DOCUMENTS
2019/0025463 Al* 1/2019 She ...

2019/0154877 Al 5/2019 Capasso et al.
2019/0294104 Al* 9/2019 Rho .....ccooeeeeee... GO3H 1/2205

GO2B 27/4211

FOREIGN PATENT DOCUMENTS

CN 106094217 A 1172016

OTHER PUBLICATIONS

“Autofocusing Airy beams generated by alldielectric metasurface
for visible light” by Qingbin Fan, Daopeng Wang, Pengcheng Huo,
Zijie Zhang, Yuzhang Liang, and Ting Xu extracted from Research
Article of Optic express on vol. 25, No. 8 | Apr. 17, 2017.
(https://doi.org/10.1364/0E.25.009285).

(Continued)

Primary Examiner — Stephone B Allen

Assistant Examiner — Adam W Booher

(74) Attorney, Agent, or Firm — Chun-Ming Shih;
LANWAY IPR SERVICES

(57) ABSTRACT

The present invention provides a device for generating an
abrupt autofocusing beam, comprising a light source mod-
ule, a metasurface phase modulating element, and a focus
lens, wherein the light source module generates an incident
light beam, the metasurface modulating element has a first
optical receiving surface for receiving the incident light
beam, and an optical emitting surface having a plurality of
dielectric nano-structures formed thereon for modulating the
incident light beam into a diffracted light beam wherein the
plurality of nano-structures respectively corresponding to
optical-phase mask patterns, and the focus lens is arranged
al a side of the optical receiving surface for performing
optical Fourier transform of the diffracted light beam
obtained from the metasurface phase modulating element.

18 Claims, 6 Drawing Sheets
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