a2 United States Patent

US007194164B2

(10) Patent No.: US 7,194,164 B2

Iazikov et al. 45) Date of Patent: Mar. 20, 2007
(54) DISTRIBUTED OPTICAL STRUCTURES (52) US.CL .o 385/37; 385/10; 385/14;
WITH IMPROVED DIFFRACTION 385/129
EFFICIENCY AND/OR IMPROVED OPTICAL (58) Field of Classification Search .................... None
COUPLING See application file for complete search history.
(75) Inventors: Dmitri Iazikov, Springfield, OR (US); .
Christoph M. Greiner, Eugene, OR (56) References Cited
(US); Thomas W. Mossberg, Eugene, U.S. PATENT DOCUMENTS
OR (US) 3,995937 A 12/1976 Baues et al.
(73) Assignee: I(Si[%hgg)lyth Technologies Inc, Fugene, (Continued)
(*) Notice: Subject to any disclaimer, the term of this FOREIGN PATENT DOCUMENTS
%atselét ilssf‘?g;nge% 20{ (aidjusted under 35 pp 0310438 Al 4/1989
S.C. v ays. .
Continued
(21) Appl. No.: 10/898,527 (Continued)
(22) Filed: Jul. 22, 2004 OTHER PUBLICATIONS
(65) Prior Publication Data Capron et al, J. Lightwave Tech., vol. 11 No. 12 pp. 2009-2014
Dec. 1993).
US 2005/0078912 A1 Apr. 14, 2005 (Dec. 1993) Continod
Related U.S. Application Data (Continued)
(63) Continuation-in-part of application No. 10/653,876, ir imar y fgcam il?er —Fé‘apk])G ) CFhO,m
filed on Sep. 2, 2003, now Pat. No. 6,829,417, which 732”2“”’ x“’”{;”er* rlg, ~ Sem, 45, Alavi
is a continuation-in-part of application No. 10/229, (74) Attorney, Agent, or Firm—David S. Alavi
444, filed on Aug. 27, 2002, now Pat. No. 6,678,429,
which is a continuation-in-part of application No. 7 ABSTRACT
09/811,081, filed on Mar. 16, 2001, now Pat. No. An optical apparatus comprises a planar optical waveguide
6,879,441, and a continuation-in-part of application having at least one set of diffractive elements and confining
No. 09/843,597, filed on Apr. 26, 2001, now Pat. No. in at least one transverse spatial dimension optical signals
6,965,464. propagating therein. Each diffractive element set routes,
(60) Provisional application No. 60/492,438, filed on Aug. between corresponding input and output optical ports, a
4,2003, provisional application No. 60/489,470, filed ~ corresponding diffracted portion of an input optical signal
on Jul. 22, 2003, provisional application No. 60/370, ~ propagating in the waveguide that is successively incident
182, filed on Apr. 4, 2002, provisional application No. on the diffractive elements and is diffracted by the diffractive
60/315,302, filed on Aug. 27, 2001, provisional appli- element set. The optical signals propagate in the waveguide
cation i\Io ’60 /247231 file d, on N’OV 10. 2000. pro- in corresponding diffractive-region optical transverse modes
sional : licati ’ N ’ 60/235.330 ﬁl d, N ’ p2 6 in regions where the diffractive elements are present, and in
;fgs(;gna appiica 1?n 011 . I,\I ,6 0 /T 990 1719 Oe pﬁl (i corresponding non-diffractive-region optical transverse
» provisiona aPP,l?aUOH 0. OV 2174, 1le modes in regions where the diffractive elements are absent.
on Apr. 26, 2000, provisional application No. 60/190, The diffractive element set is adapted so as to yield an
126, filed on Mar. 16, 2000. operationally acceptable level of either or both of i) optical
(51) Inmt. Cl coupling between corresponding diffractive-region and non-
G02B 6/34 (2006.01) diffractive-region optical transverse modes, and ii) diffrac-
GO02B 6/12 (2006.01) tion efficiency of the diffractive element set.
G02B 6/10 (2006.01)
GO2F 1/035 (2006.01) 43 Claims, 10 Drawing Sheets

106

N /AN

T —

N
uuuuUUUUUUUUUHHMHHMH

]

|l
' \

1048 102

/ J

104A


































































