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(7) ABSTRACT

A DC magnetron sputter reactor for sputtering copper, its
method of use, and shields and other parts promoting
self-ionized plasma (SIP) sputtering, preferably at pressures
below 5 milliTorr, preferably below 1 milliTorr. Also, a
method of coating copper into a narrow and deep via or
trench using SIP for a first copper layer. SIP is promoted by
a small magnetron having poles of unequal magnetic
strength and a high power applied to the target during
sputtering. The target power for a 200 mm wafer is prefer-
ably at least 10 kW; more preferably, at least 18 kW; and
most preferably, at least 24 kW. Hole filling with SIP is
improved by long-throw sputtering in which the target-to-
substrate spacing is at least 50% of substrate diameter, more
preferably at least 80%, most preferably at least 140%. The
SIP copper layer can act as a seed and nucleation layer for
hole filling with conventional sputtering (PVD) or with
electrochemical plating (ECP). For very high aspect-ratio
holes, a copper seed layer is deposited by chemical vapor
deposition (CVD) over the SIP copper nucleation layer, and
PVD or ECP completes the hole filling. The copper seed
layer may be deposited by a combination of SIP and
high-density plasma sputtering. For very narrow holes, the
CVD copper layer may fill the hole. Preferably, the plasma
is ignited in a cool process in which low power is applied to
the target in the presence of a higher pressure of argon
working gas. After ignition, the pressure is reduced, and
target power is ramped up to a relatively high operational
level to sputter deposit the film.

22 Claims, 6 Drawing Sheets

0

7
N
}
|
|

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent

Fig. 1

(PRIOR ART)

Fig. 2

(PRIOR ART)

Fig. 3

(PRIOR ART)

DOC KET

_ ARM

Jun. 4, 2002 Sheet 1 of 6 US 6,398,929 B1
18
16
N AN AN y
NN N RN N
N =
% WO WO\
<
. 77 e
/ / / / / +— 10
2 28
o |
\ \ \ 24
NN AR AR 14
DO N[ IR
AN AN
s 327\ S A
28
[ 1 36
\ N N 24
AN
AN N\ N A\30\ N\ N 14
=\ N N
/ /12 X 3;\ / e L
s s

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Jun. 4, 2002 Sheet 2 of 6 US 6,398,929 B1

i
| 142
136
| | Fig. 4
134 132 134
s||s N| S| [S]
v
54~>§] I ZINS —1 110
68 ﬁ.,é./ 7 [/,— __________ _r—_—\\\ \56 7
4 -~ A T
. — 2 |
50 —] |\ t‘ -
y — 140 |
— 66 58 60 | — 52
— 96
122 — i
118
104 ¥ =
L 62 _
1 102~ 7
116
| 112 v
114 — Ar
-~ CONTROLLER -
124"
22
1150
™24
AN N N
N AN AN ‘i30 AN T 14
A AN =
Fig. 7 \ A
/
/ /’2“‘\ 32\ / 7
/ s

DOC KET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Jun. 4, 2002 Sheet 3 of 6 US 6,398,929 B1

73 74
Fio. 5 \ ‘
Flg' % /86
N 70
54— N
85
N AN
N N\ 84a \
AN 34 72
5 S
R »
& 83a
84b -t \\ /——88
68NN\ |64
80
> 77
ity
92
79—
04
78 190
98
52 g6 —L
96—\ <106
100
0.40
L]
[n'ed
D
7
% 18 kW
Y
o
O
2
. X 020-
O
Fig. 6 &° kW
5E
o
w)
=
-
=
z
= 0 T T
0 5 10 15

FLOATING SHIELD LENGTH (CM)

DOC KET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Jun. 4, 2002 Sheet 4 of 6 US 6,398,929 B1

10
— 166
[aV]
I
)
i
~— 5—
> 162 164
- \
[N
prd
O \
160
0 T
-10 0 10
RADIAL POSITION (cm)
Fig. &
10
&
s
G
<
E o,
X
3 170
L
= W
O
168
0 T
-10 0 10

RADIAL POSITION (cm)

Fig. 9

DOC KET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




