wo 20117140481 A1 | [T 0K 00O O

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

(10) International Publication Number

WO 2011/140481 A1l

(19) World Intellectual Property Organization /’@?‘?’3\
International Bureau v{ 0
Al
(43) International Publication Date \'{_5___,/
10 November 2011 (10.11.2011) PCT
(51) International Patent Classification:
C23C 14/34 (2006.01) C23C 14/22 (2006.01)
C23C 14/30 (2006.01) C23C 14/00 (2006.01)
(21) International Application Number:
PCT/US2011/035581
(22) International Filing Date:
6 May 2011 (06.05.2011)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
61/331,844 6 May 2010 (06.05.2010) US
61/366,711 22 July 2010 (22.07.2010) US
(71) Applicants (for all designated States except US): UNI-

VERSITY OF VIRGINIA PATENT FOUNDATION
[US/US]; 250 West Main Street, Suite 300, Char-
lottesville, Virginia 22902 (US). FRAUNHOFER-
GESELLSCHAFT ZUR FORDERUNG DER ANGE-
WANDTEN FORSCHUNG [DE/DE]; Hansastralle 27c,
D-80686 Miinchen (DE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): WADLEY, Haydn
N. G. [US/US]; 4922 Bamfield Drive, Keswick, Virginia
22947 (US). MATTAUSCH, Goesta [DE/DE]; Dort-
sstrasse 42, D-01454 Ullersdorf (DE). ROEGNER,
Frank-Holm [DE/DE]; Voglerstrasse 27, D-01277 Dres-
den (DE). SCHEFFEL, Bert [DE/DE]; Postaer Strasse
18, 01796 Pirna (DE). METZNER, Christoph [DE/DE];
Birkenstrasse 9, D-01328 Dresden (DE).

Agent: DECKER, Robert J.; 250 West Main Street,
Suite 300, Charlottesville, Virginia 22902 (US).

74

(81) 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.

[Continued on next page]

(54) Title: SPOTLESS ARC DIRECTED VAPOR DEPOSITION (SA-DVD) AND RELATED METHOD THEREOF

1 wow
RIROLT [

30 0000000000000
SUBSTRATE
[

ELECTROSTATIC

CBSERVATION
WINDOW

ANODE
¢ COOLANT
SUPPLY

ACCESS
HATCH

ELECTRIC
ISOLATION

CRUCHLE
T0- 19 AECESS

HATCH

(57) Abstract: A plasma assisted directed vapor deposi-
tion process that utilizes a spotless arc directed vapor de-
position (SA-DVD) method for the creation of the plasma
in a directed vapor deposition apparatus. Vapor is created
by electron or other high intensity directed energy beam
evaporation from one or more source materials contained
in a water cooled crucible. This vapor is entrained in a
transonic helium or other gas jet and transported to a sub-
strate for deposition. The electron or other directed energy
beam used for evaporation is simultaneously exploited to
ionize the vapor and the jet forming gas (helium, or other
gases including combinations of inert and reactant gases).
An anode positioned near the electron beam impingement
position attracts scattered electrons formed during the di-
rected energy beams interaction with a target surface and
enables the formation of an intense plasma. This plasma is
at first transported towards the substrate by the vapor en-
training gas jet through an ion-drag mechanism. However,
if the substrate is sufficiently charged (electrically biased),
the plasma ions are electrostatically accelerated towards
the substrate and this extra momentum aids in vapor trans-
port and deposition on a component surface.
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