a2 United States Patent

Sridharan et al.

US009373928B2

US 9,373,928 B2
Jun. 21, 2016

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

(54) DIFFRACTIVE OPTICAL ELEMENTS FOR
TRANSFORMATION OF MODES IN LASERS

(71) Applicant: Lawrence Livermore National
Security, LL.C, Livermore, CA (US)

(72) Inventors: Arun K. Sridharan, Fremont, CA (US);
Paul H. Pax, Livermore, CA (US); John
E. Heebner, Livermore, CA (US);
Derrek R. Drachenberg, Livermore,
CA (US); James P. Armstrong,
Livermore, CA (US); Jay W. Dawson,
Livermore, CA (US)

(73) Assignee: Lawrence Livermore National

Security, LL.C, Livermore, CA (US)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by O days.

(21) Appl. No.: 14/797,003

(22) Filed: Jul. 10, 2015
(65) Prior Publication Data
US 2015/0340835 Al Nov. 26, 2015

Related U.S. Application Data

(62) Division of application No. 13/791,563, filed on Mar.
8, 2013, now Pat. No. 9,124,066.

(60) Provisional application No. 61/641,464, filed on May

2,2012.
(51) Imt.ClL
HO01S 3/10 (2006.01)
HO1S 3/067 (2006.01)
(Continued)
(52) US.CL
CPC ... HOI1S 3/10007 (2013.01); HOLS 3/0085

(2013.01); HO1S 3/06729 (2013.01); HO1S

B [ T2 2
£ g™

3/10015 (2013.01); HOLS 3/10023 (2013.01);
HO1S 3/10053 (2013.01); HOIS 3/1307
(2013.01); HOIS 3/2333 (2013.01); GO2B
5/1814 (2013.01); HOIS 3/005 (2013.01); HOIS
3/2383 (2013.01)
(58) Field of Classification Search

CPC . GO02B 5/0273; G02B 5/1871; HOIS 3/06729

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6,157,756 A 12/2000 Ishiwata
6,377,726 Bl 4/2002 Danziger et al.
(Continued)
OTHER PUBLICATIONS

Beach, et al., “Scalable Antiguided Ribbon Laser,” J. Opt. Soc. Am.
B, vol. 19, No. 7, 2002, pp. 1521-1534.

(Continued)

Primary Examiner — Eric Bolda
(74) Attorney, Agent, or Firm — John P. Wooldridge

(57) ABSTRACT

Spatial mode conversion modules are described, with the
capability of efficiently transforming a given optical beam
profile, at one plane in space into another well-defined optical
beam profile at a different plane in space, whose detailed
spatial features and symmetry properties can, in general, dif-
fer significantly. The modules are comprised of passive, high-
efficiency, low-loss diffractive optical elements, combined
with Fourier transform optics. Design rules are described that
employ phase retrieval techniques and associated algorithms
to determine the necessary profiles of the diffractive optical
components. System augmentations are described that utilize
real-time adaptive optical techniques for enhanced perfor-
mance as well as power scaling.
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