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United States Patent 5 [11] Patent Number: 5,605,6009 9

Mulleret al. [45] Date of Patent: Feb. 25, 1997

[54] ETCH PROFILE SHAPING THROUGH 4,533,430 8/1985 Bower o.....eesccseesssecsssessseees 156/651.1 X
WAFER TEMPERATURE CONTROL 4,855,017 8/1989 Douglas........... 156/661.11 X

4,903,754 2/1990 Hirscher et al. .......cssssssessesseee 165/1

[75] Inventors: Karl P. Muller; Klaus B. Roithner, ferns erloey Fakeset avee 3nena: . 3963, oriuchi et al. . .

potoFWappingersaBernhard 5,001,423 3/1991 Abram et al. cscs 324/158
> Pougnkeepsie, 5,093,579 3/1992 Amemiyaet al. 250/453.1

Watanabe, Hopwell Junction,all of 5,155,331 10/1992 Horiuchi etal. . 219/121.43
N.Y. 5,191,218 3/1993 Mori etal. ... 250/453.11

. 5,203,958 4/1993 Arai et al. oo. cesesseesseeeees 156/643
[73] Assignees: International Business Machines 5,267,607 12/1993 Wada crecsseccsssssscsessesnesssssssnses 165/80.1

Corporation, Armonk, N.Y.; Siemens 5,270,266 12/1993 Hirano et ab. ....eccsssscesseeeeees 437/228
Aktiengeselishaft, Munich, Germany; 5,290,381 3/1994 Nozawa etal. .. 156/345
Kabushiki Kaisha Toshiba, Tokyo, 5,320,982 6/1994 Tsuboneet al. . 437/228
Japan 5,366,002 11/1994 Tepmann w..ccsscscsesceceeseeesssenaceees 165/1

5,458,734 10/1995 Tsukamoto .......ccsscseseceeees 156/651.1

[21] Appl. No.: 402,378 Primary Examiner—William Powell

[22] Filed: Mar. 13, 1995 Attorney, Agent, or Firm—Banner & Witcoff, Ltd.
57 ABSTRACT[51] Tite Cae ann ccccsssssssseseesssccsscesssssessesees HOIL 21/302 7]

[52] US. Che nnceeseseeeeseceee . 156/643.1; 156/659.11; In a methodofetch profile shaping through wafer tempera-
156/657.1; 156/651.1; 216/67; 216/37; ture control during an etch process wherein deposition of a

216/80 passivation film is temperature dependent, a gap between a
[58] Field of Search o.....scscsscssscssssee 156/643.1, 657.1, Semiconductor waferto be etched anda cathodeis pressur-

156/659.11, 651.1, 662.1, 345 P; 216/2, ized ata first pressure, and the pressure in the gap is changed
41, 67, 37, 80; 204/192.32, 192.37, 298.31 to a secondpressure at a predetermined time during the etch

process, thereby altering heat transfer from the semiconduc-
[56] References Cited tor wafer to the cathode. The temperature of the wafer is

adjusted one or more times during an etching process to
U.S. PATENT DOCUMENTS control profile shaping of deep trenches, contact holes and

4,261,762 4/1981 King ou... .eessseesesssessessessseeseseees 148/1.5 shapes for mask opening shaping during the etch process.
4,457,359 7/1984 Holden... _

4,508,161 4/1985 Holden 0... cessesesessssessesessesesesees 165/1 26 Claims, 8 Drawing Sheets
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