
llllllllilllllIIIIllllllllllllllllllllll?lllllllllllllllllllllllllllllllll 
. US005310624A 

United States Patent [191 [11] Patent Number: 5,310,624 
Ehrlich [45] Date of Patent: May 10, 1994 

[54] INTEGRATED CIRCUIT 
MICRO-FABRICATION USING DRY 
LITHOGRAPHIC PROCESSES 

[75] Inventor: Daniel J. Ehrlich, Lexington, Mass. 
[73] Assignee: Massachusetts Institute of 

Technology, Cambridge, Mass. 

[21] Appl. No.: 924,374 
[22] Filed: Jul. 31, 1992 

Related US. Application Data I 

[63] Continuation of Ser. No. 517,394, Apr. 27, 1990, aban 
doned, which is a continuation of Ser. No. 149,426, 
Jan. 29, 1988, abandoned. 

[51] Int. Cl.5 .............................................. .. G03C 5/00 

[52] US. Cl. .................................. .. 430/322; 430/297; 
430/311; 430/945 

[58] Field of Search ............. .. 430/297, 311, 945, 322; 
427/450, 452, 455, 322 

[56] References Cited 
U.S. PATENT DOCUMENTS 

Re. 32,033 11/1985 Moreland ct al. .. 430/311 
3,959,105 6/1976 Feneberg et a1. .. 204/165 
4,170,662 10/ 1979 Weiss et a1. . . . . . . . . . . .. 427/38 

4,178,097 12/1979 Sara . . . . . . . . . . . . . . . . .. 355/110 

4,179,312 12/1979 Keller et a1. . . . . . . . . .. 148/1.5 

4,260,649 4/1981 Dension et al. 427/531 
4,283,482 8/1981 l-lattori et al. . . . . . . . . . .. 430/296 

4,340,617 7/1982 Deutsch et a1. 427/531 
4,348,473 9/1982 Okumura et al. . . . . . . . . . .. 430/296 

4,359,485 11/1982 Donnelly et al. .... .. 427/531 
4,444,456 4/1984 Jain et al. ................... .. 350/3.7 

4,458,994 7/1984 Jain et a1. ....... .. 354/4 

4,490,211 12/1984 Chen et a1. . 156/643 
4,516,832 5/1985 Jain et a1. . . . . . . . . . . . . .. 350/96 

4,521,087 6/1985 Hayes et al. 350/574 
4,549,064 10/1985 Del?no . . . . . . . . . . . . . .. 219/121 

4,560,641 12/1985 Kokaku et a1. . . . . . . . .. 430/312 

4,568,632 2/1986 Blum et al. . . . . . . . . . . . . .. 430/322 

4,608,117 8/1986 Ehrlich et al. . 156/610 
4,615,904 10/1986 Ehrlich et a1. 427/38 
4,619,894 10/1986 Bozler et a1. ..... .. 430/942 

4,622,095 11/1986 Grobman ct a1. .. 156/635 
4,626,449 12/ 1986 Hirai et a1. ....... .. 427/ 53.1 
4,653,903 3/1987 Torigoe et a1. 355/53 
4,698,238 10/1987 Hayasaka et al. ................ .. 427/531 

FOREIGN PATENT DOCUMENTS 

0066053 8/1982 European Pat. Off. . 
0111655 3/1984 European Pat. Off. . 
0178654 4/ 1985 European Pat. Off. . 

2153543A 8/1985 United Kingdom . 

OTHER PUBLICATIONS 

Cali et al., (1976), Applied Optics, vol. 15, No. 
5:1327-1330. 
Ehrlich et al., (1981), Appl. Phys. Lett. 38(11), vol. 38, 
No. 11:946-948. 
Deutsch et al., (1979), Appl. Phys. Lett. 35(2) vol. 35, 
No. 2:175-177. 
Hanabusa etal., (1979), Appl. Phys. Lett. 35(8), v01. 35, 
No. 8:626-627. 
Andreatta et al., (1982), J. Vac. Sci. Technol, 20(3), 
740-742. 
Ehrlich et a1, (1985), J. Vac. Sci. Technol, vol. B 3(1), 
No. 1, pp. 1-8. 
Beatty, “Thin Films” in Handbook of Materials, Har 
per, ed., McGraw-Hill, Inc., 1970, pp. (11-1)-(11-19). 
Dr. Rothschild et al., “Attainment of 0.13 micron lines 
. . . ”, J. Vac. Sci. T echnolog vol. B(5) (1), pp. 389-390 

(1987). 
Rothschild, et al., “Excimer-laser etching of diamond 
and hard carbon ?lms by direct writing and optical 
projection”, vol. B4, No. l, J. Vac. Sci. Technol, pp. 
310-314 (1986). 
Primary Examiner-Thori Chea 
Attorney, Agent, or Firm-Thomas J. Engellenner; John 
V. Bianco 
[57] 
Dry, laser-based, lithographic techniques and systems 
for patterning a surface of a wafer or other substrate are 
disclosed. The techniques and systems are particularly 
adapted for automated micro-fabrication of integrated 
circuits on semiconductor wafers. The invention entails 
dry depositing a resist material on a surface of a sub 
strate, then generating a pattern in the resist material by 
selectively exposing the resist material to pulsed UV 
laser radiation, controlling the ambient exposure of the 
resist material between the resist-depositing and pat 
tern-generating steps, and, ?nally, transferring the pat 
tern from the resist to the substrate or otherwise em 
ploying the pattern to transform the substrate by deposi 
tion or implantation of materials. 
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