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a» United States Patent (o) Patent No.:  US 6,879,046 B2
Gibson, Jr. et al. @#5) Date of Patent: Apr. 12, 2005
(54) SPLIT BARRIER LAYER INCLUDING 6,071,809 A * 6/2000 Zhao ........cccccoeereeenee 438/634
NITROGEN-CONTAINING PORTION AND 6,083,822 A * 7/2000 Le€ wooivvviiiiiriiiiins 438/624
OXYGEN-CONTAINING PORTION 6,140,226 A * 10/2000 Grill .et al. v, 438/637
6,165,891 A * 12/2000 Chooi et al. ................ 438/622
. v 6,191,028 B1 2/2001 Huang et al.
(75) Inventors: Gerald W Gibson, Jr., Orlando, FL :
(US); Scott Jessen, Orlando, FL (US); 6,265,321 B1 * 7/2001 Chooi et al. ................ 438/725
Steven Alan Lytle, Orlando, FL (US); (Continued)
Kurt George Steiner, Orlando, FL
(US); Susan Clay Vitkavage, Orlando, FOREIGN PATENT DOCUMENTS
FL (US) GB 2341484 A 9/1998 ... HO11/21/285
. GB 2365215 A 2/2002 ...l HO1L/21/02
(73)  Assignee: ﬁjgg)re Systems Inc., Allentown, PA GB 2367426 A 42002 ... HOI1/23/532
JP 2001085523 A * 3/2001
(*) Notice:  Subject to any disclaimer, the term of this OTHER PUBLICATIONS
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days. U.S. Appl. No. 10/038,352, filed Jan. 2, 2002.
Primary Examiner—George Eckert
(21) Appl. No.: 10/038,371 Assistant Examiner—Chris C. Chu
(22) Filed: Jan. 2, 2002 57 ABSTRACT
(65) Prior Publication Data A split barrier layer enables copper interconnect wires to be
US 2003/0003765 Al Jan. 2, 2003 gsed in cqnjugction with low-k dielectric fﬂms by prevent-
ing the diffusion of N—H base groups into photoresists
Related U.S. Application Data where they can render the photoresist insoluble. The split
(60) Provisional application No. 60/301,295, filed on Jun. 28, barrier layer is disposed between the copper and the low-k
2001. dielectric and includes a nitrogen-containing, oxygen-free
, film which contacts the copper, and an oxygen-containing,
(51) Int. Cl. ......................... H01L 23/48, HOlL 23/52, nitrogen_free ﬁlm Wthh contacts the low_k dielectric ﬁlm
HO1L 59/40 The nitrogen-containing film prevents the formation of
undesirable copper oxides, and the oxygen-containing film
(52) US.CL ... 257/760; 257/750; 257/751; prevents the diffusion of N—H base groups into the low-k
257/752; 25274/7:2852 42284/754% 11244/2557, 1Z;é/szé dielectric films. The oxygen-containing film may be an
> > > oxygen-doped silicon carbide film in an exemplary embodi-
ment. In another embodiment, a film stack of low-k dielec-
(58) Field of Search .................c.......co... 257/750—760, tric films includes an etch-stop layer and hardmask each
257/762; 438/760; 174/258, 256; 428/428, formed of oxygen-doped silicon carbide. The hardmask and
440, 447, 448, 209, 210, 901 etch-stop layer enable the formation of a dual-damascene
(56) References Cited opening in the film stack, and the film structure of the
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U.S. PATENT DOCUMENTS
5,456,762 A * 10/1995 XKariya et al. .............. 136/258

present invention precludes N—H base groups from diffus-
ing from the low-k dielectric films and neutralizing acid
catalysts in the photoresist used to define the dual dama-

5,494,859 A 2/1996 Kapoor scene opening.
6,037,664 A 3/2000 Zhao et al.
6,037,668 A * 3/2000 Cave et al. ....ccecueeenene. 257/784 13 Claims, 4 Drawing Sheets
k—69—i—51
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U.S. PATENT DOCUMENTS 6,420,261 B2 7/2002 Kudo
6,624,053 B2 * 9/2003 Passemard .................. 438/584
6,297,162 BL * 10/2001 Jang et al. ....ccoeeureenne 438/706 6632478 B2 * 10/2003 Gaillard et al. ....... 427/255.37
6,323,121 B1  11/2001 Liu et al.
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