a2 United States Patent

Colombo et al.

US006809370B1

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

US 6,809,370 Bl
Oct. 26, 2004

(549) HIGH-K GATE DIELECTRIC WITH
UNIFORM NITROGEN PROFILE AND
METHODS FOR MAKING THE SAME

(75) TInventors: Luigi Colombo, Dallas, TX (US);
Manuel Quevedo-Lopez, Denton, TX
(US); James J. Chambers, Dallas, TX
(US); Mark R. Visokay, Richardson,
TX (US); Antonio L. P. Rotondaro,
Dallas, TX (US)

(73) Assignee: Texas Instruments Incorporated,
Dallas, TX (US)

(*) Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by 0 days.

(21) Appl. No.: 10/632,230

(22) Filed:  Jul. 31,2003
(51) It CL7 oo HO1L 27/108
(52) US.CL oo, 257/310; 257/347; 257/368;

257/369; 257/410; 257/411; 438/199; 438/479;
438/517; 438/595

6,136,654 A 10/2000 Kraft et al.

6,207,542 B1 * 3/2001 Ibok ......cccevvververennennnn. 438/585
6,251,761 B1 6/2001 Rodder et al.

6,291,866 Bl 9/2001 Wallace et al.

6,291,867 Bl 9/2001 Wallace et al.

6,436,801 B1 8/2002 Wilk et al.

2003/0080389 Al
2004/0023513 Al *

OTHER PUBLICATIONS

Fabrication of HfSiON Gate Dielectrics by Plasma Oxida-
tion and Nitridation, Optimized for 65nm node Low Power
CMOS Applications, Seiji Inumiya, Katsuyuki Sekine,
Shoko Niwa, Akio Kaneko, Motoyuki Sato, Takeshi
Watanabe, Hironobu Fukui, Yoshiki Kamata, Masato
Koyama Akira Nishiyama, Mariko Takayanagi, Kazuhiro
Eguchi and Yoshitaka Tsunashima, 2003 Symposium on
VLSI Technology Digest of Technical Papers, Jun. 2003, 2

pgs.

* cited by examiner

5/2003 Hu et al.
2/2004 Aoyama et al. ............ 438/778

Primary Examiner—David Nelms

Assistant Examiner—Andy Huynh

(74) Attorney, Agent, or Firm—Jacqueline J. Garner; W.
James Brady, III; Frederick J. Telecky, Jr.

(7) ABSTRACT

(56) References Cited . . o
High-k transistor gate structures and fabrication methods
U.S. PATENT DOCUMENTS therefor are provided, wherein a gate dielectric interface
5352623 A 10/1994 Kamiyama ﬁ%]lon near a s.ft:mlcondu(;;cir slﬁ)st{)atlek lshPr?lvllgdqu \iVlt? very
5910.880 A 6/1999 DeBoer et al. ittle or no nitrogen, while the bulk high-k dielectric is
6013553 A 1/2000 Wallace et al. provided with a uniform nitrogen concentration.
6,015,739 A 1/2000 Gardner et al.
6,020,243 A 2/2000 Wallace et al. 15 Claims, 3 Drawing Sheets
G ‘\\
124
T—g 120 124
106 ——




