
United States Patent 
US006636350B2 

(12) (10) Patent N0.: US 6,636,350 B2 
Shafer et al. (45) Date of Patent: Oct. 21, 2003 

(54) MICROLITHOGRAPHIC REDUCTION 5,212,588 A 5/1993 Viswanathan et al. .... .. 359/355 
PROJECTION CATADIOPTRIC OBJECTIVE 5,220,590 A 6/1993 Bruning et al. ............. .. 378/34 

5,241,423 A 8/1993 Chiu et al. . . . . . . . . . . . . . .. 359/727 

(75) Inventors: David R. Shafer, Fair?eld, CT (US); 2 156K611 @1411: ~~~~~~~~~~~~ , , c oenma ers 1255563) 5,353,322 A 10/1994 Bruning 61 al. ............. .. 378/34 

’ ’ 5,401,934 A 3/1995 Ainsworth, Jr. 

Assignee: Carl-Zeiss-Stiftung, ObCI'kOCheII 5,410,434 A et a1‘ ~~~~~~~~~~~~~~~~~~~ n 5,515,207 A 5/1996 F .......................... .. 359/731 

( * ) Notice: Subject to any disclaimer, the term of this 00 
patent is extended or adjusted under 35 (List continued on neXt page.) 
U.S.C. 154(b) by 42 days. 

FOREIGN PATENT DOCUMENTS 

(21) Appl- NO-I 09/761,562 DE 196 39 586 A 4/1998 ......... .. GO2B/17/08 
. _ EP 0 779 528 A 2 6/1997 G02B/17/08 

(22) Med Jan- 16’ 2001 EP 0 604 093 11/1997 GO2B/17/08 

(65) Prior Publication Data EP 0 869 383 A 10/1998 G02B/17/08 
EP 0 816892A2 A3 6/1999 G02B/17/08 

US 2001/0043391 A1 Nov. 22, 2001 EP 1 069 448 A1 7/2000 ......... .. G02B/17/08 
EP 1 067 448 1/2001 

Related US, Application Data EP 1 067 448 A 1 1/2001 ........... .. G06F/1/04 

(60) Provisional application No. 60/176,190, ?led on Jan. 14, 
ZOOQ OTHER PUBLICATIONS 

7 _ _ US. patent application Ser. No. 09/759,806, Shafer et al., 
(51) Int. Cl. ...................... .. G02B 17/00, ?led Jan‘ 16, 2001' 

(52) US. Cl. ................... .. 359/366; 359/731; 359/733 Primary Examiner ; {ark A‘ Robinson 
Fleld of Search . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Attorney) Or Firm_Darby & Darby 

359/366, 726, 727, 728, 729, 730, 731, 
857, 858, 859, 732, 733, 734 (57) ABSTRACT 

(56) References Cited Aphotolithographic reduction projection catadioptric objec 

U.S. PATENT DOCUMENTS 

4,171,871 A 10/1979 Dill et al. ................. .. 350/199 

4,232,969 A 11/1980 WilcZynski 356/401 
4,595,295 A 6/1986 WilcZynski 356/401 
4,685,777 A 8/1987 Hirose ........ .. 350/505 

4,701,035 A 10/1987 Hirose ........ .. 350/505 

5,052,763 A 10/1991 Singh et a1. .... .. 359/355 
5,063,586 A 11/1991 Jewell et al. . . . . . . . . . . . .. 378/34 

5,071,240 A 12/1991 Ichihara et al. 359/366 
5,078,502 A 1/1992 Cook ............ .. 359/366 

5,089,913 A 2/1992 Singh et al. .... .. 359/727 
5,153,898 A 10/1992 Suzuki 618.1. ............... .. 378/34 

5,159,172 A 10/1992 Goodman et al. 219/151.68 

Conjugate stop 

Group G1 

tive includes a ?rst optical group having an even number of 
at least four mirrors and having a positive overall magnify 
ing poWer, and a second substantially refractive optical 
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negative overall magnifying poWer for providing image 
reduction. The ?rst optical group provides compensative 
aberrative correction for the second optical group. The 
objective forms an image With a numerical aperture of at 
least substantially 0.65, and preferably greater than 0.70 or 
still more preferably greater than 0.75. 
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