Met hods and hardware for generating variable-density plasnmas are descri bed.
For exanple, in one enbodi nent, a process station conprises a showerhead
i ncluding a showerhead el ectrode and a substrate hol der including a nesa
conf i gur egh2f BTERPPGONATAIPURSITIEN AUBLWMED@INDER ReE BASHTcRoRERONIR TRESIYAPSHOSEd

i Sposed 5 an Dwpebedimgi On of L hocsgbst rat Q||||h@ﬂhmﬁﬂmﬁrimiuﬂﬂﬁ

bei ng di sposednt‘i:rmﬁarnl@uftaer regi on 1 he substr elnarna er Pu lgaﬂnorﬁggl?er
station f as erator co {ﬁ&ﬁ

pl asma in cé‘j,_sléfrnatconnf??“ﬁcago ;Dige ﬁ B @yt he sh 32 lggbst rate
hol der, a con rolT'er configure 0 control the plasna generator t he

I nner (IaSC[Elter 10halil.’ tent 8‘98%1 to?ll ect rOde and heen%a ql}]elcecttalr Q’&(;Ieaver A)ustm Vil-
ef f ect 065Q1 }152'1}03/(2605‘01@'1 out @ 1HO5L &@an 8 onk RSEy, HEULORI -

than in anmunmmmspmmbmon of the plasma regi Obinia 94612-0250 (US).

wo 2012/087737 A2 [N NI 000 OO0 RO A

(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/US2011/065099 kind of national protection available). AE, AG, AL, AM,
. - AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(22) International Filing Date: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
15 December 2011 (15.12.2011) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(25) Filing Language: English 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,
(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(30) Priority Data: OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
12/976,391 22 December 2010 (22.12.2010) Us SE, 8G, SK, SL, SM, ST, 8V, 8Y, TH, TJ, TM, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(71) Applicant (for all designated States except US): NOVEL- . o

LUS SYSTEMS, INC. [US/US], 4000 North First Street, (84) D.es1gnated. States (unletss O[he?"WlS@ lndlcated, fO}" every
San Jose, California 95134 (US). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(72) Inventors; and UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
(75) Inventors/Applicants (for US only): JENNINGS, Kevin TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

[US/US]; 14232 Meadow Grass Street, Lake Oswego, Ore-
gon 97035 (US). ABRI, Mohamed [US/US]; 18145 SW
Jeremy Street, Beaverton, Oregon 97007 (US). AU-
GUSTYNIAK, Edward [US/US]; 10555 SW Bannoch
Court, Tualatin, Oregon 97062 (US). KAPOOR, Sunil
[US/US]; 13506 NE 28th Court, Vancouver, Washington
8686 (US). KEIL, Douglas [US/US]; 1062 Meek Way,
West Linn, Oregon 97068 (US).

DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: VARIABLE-DENSITY PLASMA PROCESSING OF SEMICONDUCTOR SUBSTRATES

125

14G -

140 =]

114
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(57) Abstract: Methods and hardware for generating variable-density plasmas are described. For example, in one embodiment, a
process station comprises a showerhead including a showerhead electrode and a substrate holder including a mesa configured to sup -
port a substrate, wherein the substrate holder is disposed beneath the showerhead. The substrate holder includes an inner electrode
disposed in an inner region of the substrate holder and an outer electrode being disposed in an outer region of the substrate holder.
The process station further comprises a plasma generator configured to generate a plasma in a plasma region disposed between the
showerhead and the substrate holder, and a controller configured to control the plasma generator, the inner electrode, the outer elec -
trode, and the showerhead electrode to effect a greater plasma density in an outer portion of the plasma region than in an inner por -
tion of the plasma region.



