US009410899B2

a2z United States Patent (10) Patent No.: US 9,410,899 B2
Otaki et al. (45) Date of Patent: Aug. 9, 2016
(54) ILLUMINATION APPARATUS AND PATTERN (56) References Cited
INSPECTION APPARATUS
U.S. PATENT DOCUMENTS
(71) Applicant: NuFlare Technology, Inc., Yokohama
Ip) 5,644,390 A *  7/1997 Yasuzato ................. GO3F 7/705
355/67
. sy . DL 7,495,779 B2 2/2009 Ogawa
(72) Inventors: Toshiaki Otaki, Kanagawa (JP); Riki 2004/0125459 A1*  7/2004 TANIESU .oovoveern GO02B 3/0056
Ogawa, Kanagawa (JP) 359/619
. 2008/0231846 Al 9/2008 Ogawa
(73) Assignee: NuFlare Technology, Inc., Yokohama 2010/0118683 ALl* 52010 Choi ...cccoovvvrnnee. G11B 7/1353
(IP) 369/109.01
2012/0189032 Al 7/2012 Ogawa
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 FOREIGN PATENT DOCUMENTS
U.S.C. 154(b) by O days.
Jp 2008 233342 10/2008
(21) Appl. No.: 14/607,737 Jp 2012 150036 8/2012
. OTHER PUBLICATIONS
(22) Filed: Jan. 28, 2015
. L Combined Office Action and Search Report issued Jan. 13, 2016 in
(65) Prior Publication Data Taiwanese Patent Application No. 104100280 (with English lan-
US 2015/0219568 Al Aug. 6, 2015 guage translation).
Office Action mailed Apr. 21, 2016 in Korean Application No.
(30) Foreign Application Priority Data 10-2015-0015873 (with English Translation).
Feb.3,2014  (JP) e 2014-018263 * cited by examiner
(51) Int.ClL Primary Examiner — Gordon J Stock, Jr.
GOIN 21/88 (2006.01) (74) Attorney, Agent, or Firm — Oblon, McClelland, Maier
GOIN 21/956 (2006.01) & Neustadt, L.L.P.
GO02B 26/08 (2006.01)
GO2B 5/18 (2006.01) 67 ABSTRACT
G028 27/48 (2006.01) An illumination apparatus according to embodiments
G028 26/06 (2006.01) includes: a light source generating laser light; a rotational
(52) US.CL phase plate having a plurality of randomly arranged stepped
cPC ... GOIN 21/8806 (2013.01); GOIN 21/956 regions, the rotational phase plate transmitting the laser light
(2013.01); GOIN 21/95607 (2013.01); GO2B to give a phase change to the laser light; and an integrator
5/1871 (2013.01); GO2B 26/06 (2013.01); including a plurality of lenses arranged in an array, the laser
G02B 26/0808 (2013.01); GO2B 27/48 light transmitted through the rotational phase plate being
(2013.01); GOIN 2021/95676 (2013.01); GOIN incident on the integrator, an allowable angle of incidence for
2201/0638 (2013.01); GOIN 2201/06113 the laser light of the lenses being set at a maximum value of or
(2013.01) larger than an angle of diffraction of a first order of the laser
(58) Field of Classification Search light at the rotational phase plate.

None

See application file for complete search history.

5 Claims, 5 Drawing Sheets

g

™

= S




