United States Patent 9

Bornside et al.

OO0l

US005358740A
(111 Patent Number: 5,358,740

[45] Date of Patent:  Oct. 25, 1994

[54] METHOD FOR LOW PRESSURE SPIN
COATING AND LOW PRESSURE SPIN
COATING APPARATUS

[75] Inventors: David E. Bornside, Arlington; Robert
A. Brown, Winchester, both of Mass.

[73] Assignee: Massachusetts Institute of
Technology, Cambridge, Mass.

[21] Appl. No.: 179,871
[22] Filed: Jan, 11, 1994

Related U.S. Application Data
[63] © Continuation of Ser. No. 903,773, Jun. 24, 1992, aban-
doned. -

ERUIR I Y3 o BO5D 3/2
427/240; 118/52
[58] Field of Search 118/52; 427/240

[56] References Cited
U.S. PATENT DOCUMENTS

3,902,857 9/1975 Van der Mey et al. ............. 23/284
4,004,045 171977 Stelter ......ceenennne . 427/55
4,163,751 8/1979 Van der Mey et al. . ... 2607457
4,385,083 5/1983 Shelley ................. ... 427/240

4,551,355 11/1985 Ericson et al. ..ccceeveeeeccevennns 427/48
4,587,139 5/1986 Hagan et al. . eerernenennens 427/130
4,640,846 2/1987 Kuo 427/82
4,673,996 6/1987 White ....ccorvcreceeeccncrcnenne 360/103
4,743,416 5/1988 Sugimoto et al. ... 264/40.3
4,794,021 12/1988 Potter ............... ... 427/240

4,838,979 6/1989 Nishida et al.
4,889,069 12/1989 Kawakami .......
4,894,351 1/1990 Batty ........
4,935,095 6/1990 Lehrer ..........ccouu.
4,992,301 2/1991 Shishiguchi et al.

. 118/52
... 437/190

5,066,616 11/1991 Gordon .... 437/229
5,069,156 12/1991 SUZUKI cevrecuirernirenennceriirinens 118/52
5,070,813 12/1991 Sakai et al. ... ... 118/695
5,116,250 5/1992 Sago et al. ...cevvincunisennens 118/52

FOREIGN PATENT DOCUMENTS
3-272130 12/1991 Japan . -
OTHER PUBLICATIONS

Bornside et al, “Spin coating: One-dimensional

model,” Journal of Applied Physics, 66(11):5185-5193,
Dec. 1, 1989.

Bornside et al., “On the Modeling of Spin Coating,”
Journal of Imaging Technology, vol. 13, 4:122-130, Aug.
1987.

Bornside et al., “Spin Coating of a PMMA /Chloroben-
zene Solution,” Journal of the Electrochemical Society,
vol. 138, 1:317-320, Jan. 1991.

Chen, “Investigation of the Solvent-Evaporation Ef-
fect on Spin Coating of Thin Films,” Polymer Engineer-
ing and Science, vol. 23, 7:399-403, May 1983.
Clarkson et al., “Visualization of Flow Instabilities on a
Rotating Disk,” 4144 Journal, vol. 18, 1541-1543, Dec.
1980.

Crooks et al., “Generation of Radial Striations on Par-
ticulate Coated Magnetic Disks,” IEEE Transactions on
Magnetics, vol. Mag 23, 5:3146-3148, Sep. 1987.
Daughton et al., “An Investigation of the Thickness
Variation of Spun-on Thin Films Commonly Associ-
ated with the Semiconductor Industry,” Journal of Elec-
trochem. Soc., vol. 129, 1:173-179, Jan. 1982.

Elliot, “Photoresist Coating,” Softbake, Integrated Cir-
cuit Fabrication Technology, Chpts 6 and 7, 125-163,
1982. (no month date).

Ellison, “Mass Transfer to a Rotating Disk,” Journal of
Electrochem. Soc., 18:68-72, Jan. 1971.

(List continued on next page.)

Primary Examiner—Shrive Beck
Assistant Examiner—XKatherine A. Bareford
Attorney, Agent, or Firm—Arnold, White & Durkee

[57] ABSTRACT

An apparatus and method is provided for spin coating
films on a surface. The apparatus includes a chamber
capable of being closed to the atmosphere, a spinnable
member within the chamber capable of supporting the
surface and a pump capable of reducing the pressure
within the chamber. The method includes depositing a
liquid on the surface, reducing the pressure in the vicin-
ity of the surface and spinning the surface.
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