wo 2012/015993 A3 I 10K 000 R OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2012/015993 A3

(19) World Intellectual Property Organization /’@?‘?’3\
International Bureau V,&J U
Al
(43) International Publication Date \'{_5___,/
2 February 2012 (02.02.2012) PCT
(51) International Patent Classification:
HOIL 21/203 (2006.01) C23C 14/35 (2006.01)
(21) International Application Number:
PCT/US2011/045644 (74)
(22) International Filing Date:
28 July 2011 (28.07.2011) (81)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
61/369,347 30 July 2010 (30.07.2010) US
13/189,992 25 July 2011 (25.07.2011) US
(71) Applicant (for all designated States except US): AP-
PLIED MATERIALS, INC. [US/US]; 3050 Bowers Av-
enue, Santa Clara, California 95054 (US).
(72) Inventors; and 84
(75) Inventors/Applicants (for US only): LIU, Zhendong

[CA/US]; 1607 Mission Springs Circle, San Jose, Califor-
nia 95131 (US). CAO, Yong [CN/US]; 5406 Duesenberg
Drive, San Jose, California 95123 (US). TANG, Xianmin
[CN/US]; 4758 Williams Road, San Jose, California
95129 (US). GANDIKOTA, Srinivas [US/US]; 2727
Monroe Street, Santa Clara, California 95051 (US).
NGUYEN, Thanh [US/US]; 3126 Villa East Hills Court,

San Jose, California 95127 (US). RASHEED, Muham-
mad [US/US]; 3894 Timberline Drive, San Jose, Califor-
nia 95121 (US).

Agent: TABOADA, Alan; Moser Taboada, 1030 Broad
Street, Suite 203, Shrewsbury, NJ 07702 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: MAGNET FOR PHYSICAL VAPOR DEPOSITION PROCESSES TO PRODUCE THIN FILMS HAVING LOW

RESISTIVITY AND NON-UNIFORMITY

114

(57) Abstract: Methods and apparatus for de-
positing thin films having high thickness unifor-
mity and low resistivity are provided herein. In
some embodiments, a magnetron assembly in-
cludes a shunt plate, the shunt plate rotatable
about an axis, an inner closed loop magnetic pole
coupled to the shunt plate, and an outer closed
loop magnetic pole coupled the shunt plate,
wherein an unbalance ratio of a magnetic field
strength of the outer closed loop magnetic pole
to a magnetic field strength of the inner closed
loop magnetic pole is less than about 1. In some
embodiments, the ratio is about 0.57. In some
embodiments, the shunt plate and the outer close
loop magnetic pole have a cardioid shape. A
method utilizing RF and DC power in combina-
tion with the inventive magnetron assembly is
also disclosed.
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