a2 United States Patent
Wanke

US009391420B2

US 9,391,420 B2
Jul. 12, 2016

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

(54) MONOLITHICALLY INTEGRATED
ABSOLUTE FREQUENCY COMB LASER
SYSTEM

(71) Applicant: Sandia Corporation, Albuquerque, NM
(US)

(72) Inventor: Michael C. Wanke, Albuquerque, NM

(US)

(73) Assignee: Sandia Corporation, Albuquerque, NM
(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.: 14/859,706

(22) Filed: Sep. 21, 2015
(65) Prior Publication Data
US 2016/0087395 Al Mar. 24, 2016

Related U.S. Application Data
(60) Provisional application No. 62/053,318, filed on Sep.

(2013.01); HOIS 3/109 (2013.01); HO1S 5/026
(2013.01); HO1S 5/0623 (2013.01); HO1S
5/3401 (2013.01)
(58) Field of Classification Search

CPC . HOIS 3/109; HO1S 3/08027; HOIS 3/08036;
HO1S 5/3401; HO1S 5/026
USPC oot 372/22, 20, 23

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6,845,108 B1* 12005 Liu ...ccccoevreviinnnn. HO1S 3/1109
372/20

8,780,948 B2* 7/2014 Wilkinson ........... HO1S 3/1303
372/18

2009/0256638 Al* 10/2009 Rosenbluh ............. GO4F 5/145
331/3

2010/0046003 Al* 2/2010 LeFloch ... GO01J3/10
356/486

2011/0051763 Al* 3/2011 Vanier .............. GO4F 5/145
372/38.02

* cited by examiner

Primary Examiner — Kinam Park
(74) Attorney, Agent, or Firm — Kevin W. Bieg

Rather than down-convert optical frequencies, a QCL laser
system directly generates a THz frequency comb in a compact
monolithically integrated chip that can be locked to an abso-
lute frequency without the need of a frequency-comb synthe-
sizer. The monolithic, absolute frequency comb can provide a
THz frequency reference and tool for high-resolution broad

22, 2014.
57 ABSTRACT
(51) Int.Cl.
HO1S 3/10 (2006.01)
HO1S 3/08 (2006.01)
HO1S 3/109 (2006.01)
HO1S 5/34 (2006.01)
HO1S 5/026 (2006.01)
HOIS 5/062 (2006.01) band spectroscopy.
(52) U.S.CL
CPC ... HO1S 3/08027 (2013.01); HO1S 3/08036 6 Claims, 3 Drawing Sheets
10
\ 12 21
.
16 v SN 35 iE

N T

14

15



