
111111111111111111111111111111111111111111111111111111111111111111111111111
US007029971B2

(12) United States Patent
Borland et al.

(10) Patent No.:
(45) Date of Patent:

US 7,029,971 B2
Apr. 18,2006

OTHER PUBLICATIONS

FOREIGN PATENT DOCUMENTS

WO 01167465 A2 9/2001

(54) THIN FILM DIELECTRICS FOR
CAPACITORS AND METHODS OF MAKING
THEREOF

(75) Inventors: William J. Borland, Cary, NC (US);
Jon Fredrick Ihlefeld, Raleigh, NC
(US); Angus Ian Klngon, Cary, NC
(US); Jon-Paul Maria, Raleigh, NC
(US)

(73) Assignees: E. I. du Pont de Nemours and
Company, Wilmington, DE (US);
Norch Carolina State University,
Raleigh, NC (US)

5,271,955 A
5,342,648 A
5,384,294 A
5,391,393 A
5,962,654 A
6,287,673 Bl *
6,337,032 Bl
6,541,137 Bl
6,631,551 Bl *
6,638,387 Bl *

2002/0195612 Al

wo

12/1993 Maniar
8/1994 MacKenzie et al.
111995 Teowee et al.
2/1995 Maniar

10/1999 Duncombe et al.
9/2001 Katsir et al. 428/210
112002 Chivukulaet 31.
4/2003 Kingon et al.

10/2003 Bowles et al. 29/620
10/2003 Cruz 156/219
12/2002 Farrell

D. M. Smyth, The Defect Chemistry of Metal Oxides,
Oxford University Press, 2000, pp. 252-282.
M. N. Kamalasaan, N. D. Kumar and S. Chandra, Dielectric
and ferroelectric properties of BaTi03 thin films grown by
the sol-gel process, J. Appl. Phys. 74 (9), Nov. I, 1983, pp.
5679-5686.
Q. Zou, H. E. Ruda and B. G. Yacobi, Dielectric properties
of lead zirconate titanate thin films deposited on metal foils,
Applied Physics Letters, vol. 77, No.7, Aug. 14,2000, pp.
1038-1040.Jan. 20, 2005

Prior Publication Data

Jul. 17, 2003

US 2005/0011857 Al

(65)

(22) Filed:

Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.c. 154(b) by 337 days.

(21) Appl. No.: 10/621,796

( *) Notice:

(Continued)

Primary Examiner-Dung A. Le

Dielectrics are formed having high dielectric constants, low
loss tangents, and other desirable electrical and physical
properties. The dielectrics are annealed at temperatures
allowing the use of copper foil substrates, and at low oxygen
partial pressures.

(51) Int. Cl.
HOlL 21/8242 (2006.01)

(52) U.S. Cl. 438/250; 438/251; 438/393;
438/394

(58) Field of Classification Search 438/250-252,
438/393-395; 29/620-621; 428/210-212

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

(57) ABSTRACT

5,198,269 A 3/1993 Swartz et 31. 28 Claims, 8 Drawing Sheets

120
110

100

130

140


