wo 2017/005291 A1 |1 I} NN TP OO0 O A

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/005291 A1

12 January 2017 (12.01.2017) WIPO I PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
HO01J 37/34 (2006.01) C23C 14/35 (2006.01) kind of national protection available): AE, AG, AL, AM,
. . i AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/EP2015/065369 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
6 July 2015 (06.07.2015) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: APPLIED MATERIALS, INC. [US/US]; . L
3050 Bowers Avenue, Santa Clara, California 95054 (US). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors; and GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(71) Applicants (for US only): KELLER, Stefan [DE/DE]; TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
Gabelsbergerstr. 26, 63814 Mainaschaff (DE). ZIL- TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
BAUER, Thomas Werner [DE/DE]; Rosenstrasse 13, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
82131 Gauting (DE). HELLMICH, Anke [DE/DE]; LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Bergwerkstr. 2, 63796 Kahl (DE). SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
(74) Agent: ZIMMERMANN & PARTNER PATENTAN- GW, KM, ML, MR, NE, SN, TD, TG).

WALTE MBB; Josephspitalstr. 15, 80331 Miinchen (DE).

[Continued on next page]

(54) Title: DEPOSITION SOURCE FOR SPUTTER DEPOSITION, DEPOSITION APPARATUS AND METHOD OF ASSEM -
BLING THE SOURCE

100
131
130~J| [
120 :’121
- g
141
132B 432
4
e
i v
140/ 132A
142"
I —— 110
L]
150

FIG. 2

(57) Abstract: A deposition source (100) for sputter deposition in a
vacuum chamber is described. The deposition source includes a tar-
get (110) for providing a material to be deposited during the sputter
deposition; an RF power supply (120) for providing RF power to
the target (110); a magnetron (130); a power connector assembly
(140) connecting the RF power supply (120) with the target (110); a
RF power return path assembly (166) for providing a return path
from the target to the RF power supply, wherein the power connect-
or assembly (140) and/or the return path assembly (166) has an
asymmetric inductive and/or capacitive mass; and a plate (150) ar-
ranged at a side (132A, 132B) of the magnetron (130) for compens-
ating the asymmetric inductive and/or capacitive mass.
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DEPOSITION SOURCE FOR SPUTTER DEPOSITION, DEPOSITION
APPARATUS AND METHOD OF ASSEMBLING THE SOURCE

TECHNICAL FIELD

[0001] The present disclosure relates to a deposition source for sputter deposition, a
sputtering apparatus, and a method of assembling for a deposition source. In particular, the
present disclosure relates to a sputter deposition source for radio frequency (RF) sputtering
in a vacuum chamber and an apparatus for radio frequency RF sputtering in a vacuum

chamber.

BACKGROUND

[0002] Physical vapor deposition (PVD) processes gain increasing attention in some
technical fields, e.g. display manufacturing. A good deposition rate can be obtained with
sufficient layer characteristics for some PVD processes. For example, sputtering is
employed for display manufacturing or other applications. Sputtering, €.g. magnetron
sputtering is a technique for coating substrates, e.g. glass or plastic substrates. Sputtering
generates a stream of coating material by sputtering a target through the use of plasma. In
such a process, material is released from the surface of the target by collision with high-
energy particles of the plasma. Sputtering is controllable by plasma parameters, such as
pressure, power, gas, and a magnetic field. In a vacuum, the sputtered materials travel from
the target toward one or more substrates or workpieces and adhere to the surface thereof. A
wide variety of materials, including metals, semiconductors and dielectric materials can be
sputtered to desired specifications. Magnetron sputtering has thus found acceptance in a
variety of applications including semiconductor processing, optical coatings, food

packaging, magnetic recording, and protective wear coatings.

[0003] Magnetron sputtering devices include a power supply for applying energy into a
gas to strike and maintain a plasma, magnetic elements for controlling the motion of ions,
and targets for providing coating material. Sputtering can be accomplished with a wide

variety of devices having differing electrical, magnetic and mechanical configurations. The
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configurations include sources of direct current (DC) or alternating current (AC)
electromagnetic fields or radio frequency (RF) energy to produce the plasma. Particularly,

non-conductive materials may be sputtered using RF sputtering methods.

[0004] RF-PVD is desired for a plurality of applications, e.g. sputtering of non-
conductive materials. The functionality of sputtered coatings typically depends on the
uniformity and the coating thickness. This thickness has to be within a predetermined
range. In the production of coatings, it is desirable that the deposition rate at which the
coating is effected lies within a predetermined tolerance range. In particular, process
parameters such as plasma uniformity and deposition rate of a sputtering device have to be
controlled thoroughly in the production process. However, conventional deposition sources
and deposition apparatuses still have deficiencies with respect to the uniformity of a

sputtered coating.

[0005] Accordingly, there is a continuing demand on providing improved deposition

sources and deposition apparatuses.

SUMMARY

[0006] In view of the above, a deposition source for sputter deposition in a vacuum
chamber, a sputtering apparatus, and a method of assembling a deposition source according
to the independent claims are provided. Further advantages, features, aspects and details

are apparent from the dependent claims, the description and drawings.

[0007] According to one aspect of the present disclosure, a deposition source for sputter
deposition in a vacuum chamber is provided. The deposition source includes a target for
providing a material to be deposited during the sputter deposition; a RF power supply for
providing RF power to the target; a magnetron; a power connector assembly connecting
the RF power supply with the target; a RF power return path assembly for providing a
return path from the target to the RF power supply, wherein the power connector assembly
and/or the return path assembly has an asymmetric inductive and/or capacitive mass; and a
plate arranged at a side of the magnetron for compensating the asymmetric inductive

and/or capacitive mass.
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[0008] According to another aspect of the present disclosure, a sputtering apparatus is
provided. The sputtering apparatus includes a vacuum chamber and a deposition source

according to embodiments described herein.

[0009] According to a further aspect of the present disclosure a method of assembling a
deposition source is provided. The method includes providing a deposition source
including a target for providing a material to be deposited during the sputter deposition; an
RF power supply for providing RF power to the target; a magnetron; and a power
connector assembly connecting the RF power supply with the target; a RF power return
path assembly providing a return path from the target to the RF power supply, wherein the
power connector assembly and/or the return path assembly has an asymmetric inductive
and/or capacitive mass; and arranging a plate at a side of the magnetron for compensating
the asymmetric inductive and/or capacitive mass of the power connector assembly and/or

the return path assembly.

[0010] The disclosure is also directed to an apparatus for carrying out the disclosed
methods including apparatus parts for performing the methods. The method may be
performed by way of hardware components, a computer programmed by appropriate
software, by any combination of the two or in any other manner. Furthermore, the
disclosure is also directed to operating methods of the described apparatus. The disclosure

also includes a method for carrying out every function of the apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] So that the manner in which the above recited features of the disclosure described
herein can be understood in detail, a more particular description, briefly summarized
above, may be had by reference to embodiments. The accompanying drawings relate to

embodiments of the disclosure and are described in the following:

FIG. 1 shows a schematic side view of a deposition source for sputter deposition in a

vacuum chamber according to embodiments described herein;

FIG.2 shows a schematic side view of a deposition source for sputter deposition in a

vacuum chamber according to embodiments described herein;
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FIG.3 shows a schematic sectional view of a sputter deposition source for sputter

deposition in a vacuum chamber according to embodiments described herein;

FIG. 4 shows a schematic perspective view from the rear side of a sputter deposition

source according to embodiments described herein

FIG.5 shows a sputter deposition apparatus according to embodiments described herein;

and

FIG. 6 shows a block diagram illustrating a method of assembling a deposition source

according to embodiments described herein.

DETAILED DESCRIPTION OF EMBODIMENTS

[0012] Reference will now be made in detail to the various embodiments of the
disclosure, one or more examples of which are illustrated in the figures. Within the
following description of the drawings, the same reference numbers refer to same
components. In the following, only the differences with respect to individual embodiments
are described. Each example is provided by way of explanation of the disclosure and is not
meant as a limitation of the disclosure. Further, features illustrated or described as part of
one embodiment can be used on or in conjunction with other embodiments to yield yet a
further embodiment. It is intended that the description includes such modifications and

variations.

[0013] In the present disclosure, a “deposition source” may be understood as a deposition
source for sputter deposition including a planar cathode having a target made of the
material to be deposited on the substrate. For example, the target material can be selected
from the group consisting of metal oxides like Al,Os or SiO; as well as target materials
including one or more element(s) selected of lithium, tantalum, molybdenum, niobium,
titanium, manganese, nickel, cobalt, indium, gallium, zinc, tin, silver and copper.
Particularly, the target material can be selected from the group consisting of lithium,

cobalt, nickel, manganese.
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[0014] In the present disclosure, an “RF power supply” may be understood as a power
supply which is adapted for supplying alternating current that oscillates at radio
frequencies. In particular, the term “RF power” as used herein refers to currents oscillating
at an oscillation rate in a frequency range between 1 MHz to 300 GHz, particularly in a
range between 2 MHz to 1 GHz, and particularly to alternating current (AC) power having
a frequency of 13.56 MHz, particularly 27.12 MHz, more particularly 40.68 MHz or
another multiple of 13.56 MHz. In a radio frequency (RF) sputtering apparatus, the plasma
is striked and maintained by applying an RF electric field. For example sputtering of non-
conductive materials or sputtering of materials of a high resistivity (e.g. 10° Ohm c¢m) can

be conducted with RF sputtering.

[0015] When referring to RF power, RF power supplies, RF matchbox, and RF currents
in the present disclosure, it is sometimes referred to the “hot path” and to the “return path”,
respectively. In this regard, it is to be understood that the “return path” is comparable to the
neutral conductor in an AC network, whereas the “hot path” is comparable to the

conductor driving the power in an AC network.

[0016] In the present disclosure, an “inductive mass” may be understood as a mass
including a conductive material in which a change in current flowing through the inductive
mass can induced a voltage in the conductive material. An “asymmetric inductive mass”
may be understood as an inductive mass in which a change in current flowing through the
inductive mass induces an asymmetric voltage in the inductive mass. In particular, an
“asymmetric inductive/capacitive mass” may be understood as an inductive mass having a
first part in which the inductive and/or capacitive coupling is less compared to a second
part of the inductive/capacitive mass. For example, the first part in which the inductive
and/or capacitive coupling is less compared to a second part of the inductive mass may
have a lower inductive/capacitive mass than the second part of the inductive/capacitive

mass.

[0017] With exemplarily reference to FIG.1, a deposition source 100 for sputter
deposition in a vacuum chamber according to embodiments described herein includes a
target 110 for providing a material to be deposited during the sputter deposition; an RF

power supply 120 for providing RF power to the target 110; a magnetron 130; and a power
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connector assembly 140 connecting the RF power supply 120 with the target 110, wherein
the power connector assembly 140 has an asymmetric inductive and/or capacitive mass.
Further, the deposition source 100 includes a plate 150 arranged at a side of the
magnetron 130 for compensating the asymmetric inductive and/or capacitive mass.
Accordingly, by providing a deposition according to embodiments described herein, a
discharge asymmetry which is induced by an asymmetric inductive and/or capacitive mass
of a power connector assembly may be compensated for which may be beneficial for
achieving uniformity of a sputtered coating. In particular, by providing a deposition
source 100 including a plate 150 as described herein, a shunt for influencing the magnetic
field strength of the magnetron may be provided. Accordingly, the plasma density may
beneficially be influenced in order to establish a uniform plasma density over the target.
Further, by providing a deposition source including a plate as described herein,
asymmetries in capacitive coupling of parts along the power feed-in path and the power
return path may be compensated for. Moreover, by providing a deposition source including
a plate as described herein, the target utilization within an RF-process may be improved,
because inductive and capacitive asymmetries in the structural parts of the deposition
system can be compensated for which may lead to asymmetric target erosion and limited
target life time. Accordingly, by providing a deposition source including a plate as
described herein asymmetric target erosion can be reduced or even avoided and the target

life time can be increased.

[0018] As exemplarily shown in FIG. 2, according to embodiments which can be
combined with other embodiments described herein, the magnetron 130 may extend along
a longitudinal axis 131. As can be seen from FIG. 2, the asymmetric inductive and/or
capacitive mass of the power connector assembly 140 may be asymmetric with respect to a
first plane 132 perpendicularly bisecting the longitudinal axis 131 of the magnetron 130.
Additionally or alternatively, the asymmetric inductive and/or capacitive mass of the
power connector assembly 140 may be asymmetric with respect to a second plane
including the longitudinal axis 131 of the magnetron 130, e.g. a vertical plane which lies in
the paper plane of Fig. 2. In particular, the second plane may be perpendicular to the first
plane 132. With exemplary reference to FIG. 2, according to embodiments which can be

combined with other embodiments described herein, the plate 150 is arranged on a side of
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the first plane 132 at which the asymmetric inductive and/or capacitive mass of the power
connector assembly 140 has a lower inductive and/or capacitive mass. In the exemplarily
embodiment shown in FIG. 2, the asymmetric inductive and/or capacitive mass of the
power connector assembly 140 is lower on a first side 132A of the first plane 132
compared to a second side 132B of the first plane 132. For example, the first side 132A
may be a bottom side of the first plane 132 and the second side 132B may be an upper side
of the first plane 132, as shown in FIG. 2. Additionally or alternatively, for example in the
case in which the asymmetric inductive and/or capacitive mass of the power connector
assembly 140 may be asymmetric with respect to a second plane including the longitudinal
axis 131 of the magnetron 130, the plate 150 is arranged on a side of the second plane at
which the asymmetric inductive and/or capacitive mass has a lower inductive and/or

capacitive mass.

[0019] Accordingly, by providing a deposition source with a plate as described herein, a
discharge asymmetry which is induced by the asymmetric inductive and/or capacitive mass
of the power connector assembly may be compensated for. Further, by providing a
deposition source with a plate as described herein inductive and/or capacitive mass
asymmetries and capacitive coupling asymmetries in the power connector path (e.g. the
power feed-in) as well as in the power return path (e.g. vacuum chamber body and return
path to the matchbox/power supply) can be compensated for. This may be beneficial for
achieving a uniform sputtered coating. In particular, by providing a deposition source
including a plate as described herein, a shunt for influencing the magnetic field strength of
the magnetron may be provided. Accordingly, the plasma density may beneficially be

influenced in order to establish a uniform plasma density over the target.

[0020] According to embodiments which can be combined with other embodiments
described herein, the plate 150 may be arranged over less than 50% of the length of the
magnetron 130. For example, the plate 150 may be arranged over at least 10% of the length
of the magnetron 130 and over less than 50% of the length of the magnetron 130. In
particular, the plate 150 may be arranged over at least 20% of the length of the
magnetron 130, more particularly over at least 30% of the length of the magnetron 130,
and over less than 50% of the length of the magnetron 130. Preferably, as exemplarily
shown in FIGS. 1 and 2, the plate 150 may be arranged over 35% or more of the length of
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the magnetron 130 and over less than 50% of the length of the magnetron 130. According
to embodiments which can be combined with other embodiments described herein, the
plate 150 may be arranged on the magnetron, such that the plate extends from one end of
the magnetron towards the middle of the magnetron, particularly towards the first
plane 132, as exemplarily shown in FIG. 2. Accordingly, by providing a deposition source
including a plate as described herein, a shunt for influencing the magnetic field strength of
the magnetron may be provided. Accordingly, the plasma density may beneficially be

influenced in order to establish a uniform plasma density over the target.

[0021] According to embodiments which can be combined with other embodiments
described herein, the plate 150 may be a magnetic plate. Accordingly, the plate 150 can be
attached to the magnetron 130 by magnetic force. For example, the plate 150 may be
directly attached to the magnetron 130. Alternatively, the plate 150 may be coupled to the
magnetron via connecting elements, for example a mounting plate and/or screws and/or
pins. Accordingly, the plate for compensating the asymmetric inductive and/or capacitive
mass can be easily arranged on or over the magnetron. This may be beneficial for the

assembling of the deposition source.

[0022] According to embodiments which can be combined with other embodiments
described herein, the plate 150 includes at least one material selected from the group
consisting of: iron, magnetic steel, nickel-iron-alloy (FeNi), cobalt-iron alloy (FeCo),
aluminum-iron alloy (FeAl), aluminum-silicum-iron alloy (FeAlSi), and ferrite.
Accordingly, by providing a plate including a material as described herein, the plate may
efficiently compensate for the asymmetric inductive and/or capacitive mass. Further, the
plate may be attachable to the magnetron by magnetic force which may be beneficial for

the assembling of the deposition source

[0023] According to embodiments which can be combined with other embodiments
described herein, the plate 150 may have a thickness selected from a range between a
lower limit of 0.5 mm, particularly a lower limit of 1 mm, more particularly a lower limit
of 2 mm and an upper limit of 3 mm, particularly an upper limit of 4 mm, particularly an
upper limit of 5 mm. In particular, the plate 150 may have a thickness of 1 mm.

Accordingly, by providing a plate having a thickness as described herein, the plate may
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efficiently compensate the asymmetric inductive and/or capacitive mass. Further,
according to embodiments which can be combined with other embodiments described
herein, the thickness of the plate may be selected such that an optimal compensation of the
asymmetric inductive and/or capacitive mass of the power connector assembly can be

achieved.

[0024] According to embodiments which can be combined with other embodiments
described herein, the plate 150 may include a stack of at least two plates, e.g. a stack
including a first plate and a second plate. For example, the first plate and the second plate
may be arranged on top of each other. The first plate may have a first thickness selected
from a range between a lower limit of 0.25 mm, particularly a lower limit of 0.5 mm, more
particularly a lower limit of 1 mm and an upper limit of 1.5 mm, particularly an upper limit
of 2 mm, particularly an upper limit of 2.5 mm. The second plate may have a second
thickness selected from a range between a lower limit of 0.25 mm, particularly a lower
limit of 0.5 mm, more particularly a lower limit of 1 mm and an upper limit of 1.5 mm,
particularly an upper limit of 2 mm, particularly an upper limit of 2.5 mm. According to
embodiments which can be combined with other embodiments described herein, the first
plate and the second plate may have a different length. For example, the second plate
which may be arranged over the first plate may be shorter than the first plate. Accordingly,
by employing a stack of plates as described herein asymmetries in capacitive coupling of
parts along the power feed-in path and the power return path may be compensated for. In
particular, by employing a stack of plates, e.g. a stack of plates having different thickness
and/or length, the compensation effect of the plate may be adapted, particularly optimized

with respect to a desired compensation effect.

[0025] According to embodiments which can be combined with other embodiments
described herein, the RF power supply 120 may be connected to the power connector
assembly 140 via an impedance matching network, particularly a matchbox 121, as
exemplarily shown in FIG. 2. Accordingly, a consistent load on the power supply can be
ensured. Further, the matchbox may be beneficial for adapting the internal resistance of the
power supply to the load impedance of the operating cathode. In order to provide for an
optimal impedance matching, the matchbox may include adjustable capacitors for

balancing purposes. Accordingly, embodiments of the deposition source as described
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herein provide for maintaining a constant and optimal load on the power supply for power

efficient operation of the deposition source.

[0026] According to embodiments which can be combined with other embodiments
described herein, the power connector assembly 140 comprises a first power connector 141
connectable to a second power connector 142. As exemplarily shown in FIG. 2, the first
power connector 141 may have an inductive and/or capacitive mass which is asymmetric
with respect to the first plane 132. Additionally or alternatively, the first power
connector 141 may have an inductive and/or capacitive mass which is asymmetric with
respect to the second plane, as described herein. The second power connector 142 may
have an inductive and/or capacitive mass which is symmetric with respect to the first
plane 132. As exemplarily shown in FIGS. 1 and 2, the second power connector 142 may
be connected to the target 110. The first power connector 141 may be connected to the
second power connector 142 on one end of the first power connector 141 and to an RF
power supply 120, for example via a matchbox 121, on the other end of the first power
connector 141. Providing a power connector assembly including two or more separate
power connectors may be beneficial for reducing the manufacturing costs. Further, the

assembly of the deposition source may be facilitated.

[0027] In FIG. 3, a schematic sectional view of a sputter deposition source according to
embodiments described herein is shown. According to embodiments described herein, the
sputter deposition source 100 includes a target 110 and a magnetron 130. The magnetron
may be a magnet assembly, for example provided by permanent magnets, in order to
confine the plasma during sputter deposition. According to embodiments which can be
combined with other embodiments described herein, the magnetron 130 can be configured
to be movable in at least one direction over the surface of the target 110, as exemplarily
indicated by the arrow in FIG. 3. Accordingly, the race track on the target can be
beneficially influenced, for example in order to increase the amount of target material that

can be used before the target needs to be exchanged.

[0028] With exemplary reference to FIG. 3, according to embodiments which can be
combined with other embodiments described herein, the “hot” RF path for providing the

RF power from the RF power supply 120 to the target 110 can be provided by a junction

10
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bridge 143 which is arranged and configured to couple the first power connector 141 and
the second power connector 142. According to embodiments which can be combined with
other embodiments described herein, the second power connector 142 may be connected to
the target 110 via a target backing plate 111, as exemplarily shown in FIG. 3. For example,
the second power connector 142 may be symmetrical connected to a target backing
plate 111 of the target 110 for providing RF power to the target 110. The first power
connector 141 for connecting the second power connector with the power supply, for
example via a matchbox, may be provided by a sheet-metal. According to embodiments
which can be combined with other embodiments described herein, the first power
connector 141 may be connectable to the junction bridge 143, for example by screws or

pins.

[0029] As exemplarily shown in FIG. 3, according to embodiments which can be
combined with other embodiments described herein, the return-path may be provided by an
RF power return path assembly 166, for example including one or more conductor rods
160. According to yet further implementations, the conductor rods can be connected to a
return-path RF power collection sheet-metal 161. According to yet further
implementations, which can be combined with other embodiments described herein, the
return-path RF power collection sheet-metal 161 can be connected to a first power supply
sheet-metal and to a second power supply sheet-metal in order to provide the return path

for the RF currents to the matchbox and/or the power supply.

[0030] FIG.4 shows a schematic perspective view from the rear side of a sputter
deposition source according to embodiments described herein. As exemplarily shown in
FIG. 4, a matchbox 121 may be provided which can be connected to a wall portion 102 of
the vacuum chamber. The matchbox 121 may be connected to the first power
connector 141. Further, the matchbox 121 may be connected to one or more power supply
sheet-metals, such as a first power supply sheet-metal 163 as shown in FIGS. 3 and 4, for
providing a defined return path for the RF currents. According to embodiments which can
be combined with other embodiments described herein, the wall portion 102 to which the
matchbox 121 may be connected can be a door of the deposition source 100 connected to
the vacuum chamber. In FIG. 4, the door 103 is shown in an open position. As exemplarily

indicated by the arrow in FIG. 4, the door can be closed.

11
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[0031] With exemplarily reference to FIG. 4, according to embodiments which can be
combined with other embodiments described herein, the first power connector 141 may be
pivotable around a pivot axis 144 which may be parallel to the longitudinal axis 131 of the
magnetron for opening and closing a contact between the first power connector 141 and the
second power connector 142, as exemplarily show in FIG. 4. For example, the first power
connector 141 may be connected or attached to the door 103 of the deposition source 100.
As shown in FIG. 4, the second power connector 142 may be arranged at the backside of
the target 110. According to embodiments which can be combined with other embodiments
described herein the junction bridge 143 may be connected with the second power
connector 142, as exemplarily shown in FIG. 4. Alternatively, the junction bridge may be a
part of the second power connector 142 or the first power connector 141. For example the
second power connector 142 or the first power connector 141 may include the junction

bridge 143, particularly in form of a one-piece structure.

[0032] FIG. 5 shows an apparatus 200 for sputter deposition in a vacuum chamber 201.
The vacuum chamber 201 can be evacuated through a flange 204, as exemplarily shown in
FIG. 5. Additionally, further flanges may be provided at other positions of the vacuum
chamber. As exemplarily shown in FIG. 5, the substrate 202 to be coated with material
from the target 110 may be supported by a substrate support 210. With exemplary
reference to FIG. 5, the apparatus 200 for sputter deposition may include one or more
sputter deposition sources, e.g. two deposition sources as shown in FIG. 5. For example,
the sputter deposition sources may be provided above the substrate 202 in order to sputter
the material of the target 110 from the top downwards. Alternatively, the sputter deposition

arrangement may be bottom-up.

[0033] According to further embodiments which can be combined with other
embodiments described herein, the substrate 202 may be arranged vertically in an
apparatus for sputter deposition. For example, the substrate may be oriented essentially
vertically, i.e. with a deviation from the vertical arrangement of +-10°. Accordingly, in
such a vertical arrangement, the sputter deposition sources may be arranged at or adjacent
a side wall of the apparatus 200. Further, the substrate 202 may be supported by rollers or

in a carrier, which is supported by rollers or another transportation and/or support system.

12
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[0034] As schematically shown in in FIG. 5, each of the sputter deposition sources 100
may include a power supply, particularly an RF power supply 120. The power supply may
be connected to a matchbox 121. The matchbox 121 may provide the RF power via various
connectors, for example a first power connector 141 and/or a second power connector 142
and/or a junction bridge 143, to the target 110. Further, a defined RF return path may be
provided by conductor rods 160, which can be connected to a return-path RF power
collection sheet-metal 161, as exemplarily shown in FIG.5. The sputter deposition
sources 100 may further include a magnetron 130. According to embodiments, which can
be combined with other embodiments described herein, the magnetron 130 can be
configured to be movable in at least one direction over the surface of the target 110, as

exemplarily indicated by the arrow in FIG. 5.

[0035] In FIG. 6 a block diagram illustrating a method of assembling a deposition source
according to embodiments described herein is shown. According to embodiments, the
method includes providing 310 a deposition source. The deposition includes a target 110
for providing a material to be deposited during the sputter deposition; an RF power supply
120 for providing RF power to the target 110; a magnetron 130; and a power connector
assembly 140 connecting the RF power supply 120 with the target 110, wherein the power
connector assembly 140 has an asymmetric inductive and/or capacitive mass. Further, the
method includes arranging 320 a plate 150 at a side of the magnetron 130 for
compensating the asymmetric inductive and/or capacitive mass of the power connector
assembly 140. Accordingly, by arranging a plate as described herein, a shunt for
influencing the magnetic field strength of the magnetron may be provided. Accordingly,
the plasma density may beneficially be influenced in order to establish a uniform plasma
density over the target. This may be beneficial for achieving a uniform coating by

sputtering.

[0036] According to embodiments of the method of assembling a deposition source
which can be combined with other embodiments described herein, arranging 320 the
plate 150 may include arranging the plate on a side of a first plane 132 at which the
asymmetric inductive and/or capacitive mass 140 has a lower inductive and/or capacitive
mass. As exemplarily shown in FIG. 2, the first plane 132 may perpendicularly bisect the
longitudinal axis 131 of the magnetron 130. With exemplary reference to FIG. 2, the
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asymmetric inductive and/or capacitive mass of the power connector assembly 140 may be
lower on a first side 132A of the first plane 132 compared to a second side 132B of the
first plane 132. Accordingly, by arranging a plate at a side of the magnetron as described
herein, a discharge asymmetry which may be induced by the asymmetric inductive and/or
capacitive mass of the power connector assembly may be compensated. This may be

beneficial for achieving a uniform coating by sputtering.

[0037] According to embodiments of the method of assembling a deposition source
which can be combined with other embodiments described herein, arranging 320 the plate
150 may include coupling the plate 150 to the magnetron 130 by magnetic force. For
example, the plate 150 may be directly attached to the magnetron 130. Alternatively, the
plate 150 may be coupled to the magnetron via connecting elements, for example a

mounting plate and/or screws and/or pins.

[0038] According to embodiments of the method of assembling a deposition source
which can be combined with other embodiments described herein, arranging 320 the
plate 150 may include employing a plate which includes at least one material selected from
the group consisting of: iron, magnetic steel, nickel-iron-alloy (FeNi), cobalt-iron alloy
(FeCo), aluminum-iron alloy (FeAl), aluminum-silicum-iron alloy (FeAlSi), and ferrite.
Accordingly, by employing a plate including a material as described herein, the plate may
efficiently compensate the asymmetric inductive and/or capacitive mass. Further, the plate
may be attachable to the magnetron by magnetic force which may be beneficial for the

assembly of the deposition source

[0039] According to embodiments of the method of assembling a deposition source
which can be combined with other embodiments described herein, arranging 320 the
plate 150 may include employing a plate having a thickness selected from a range between
a lower limit of 0.5 mm, particularly a lower limit of 1 mm, more particularly a lower limit
of 2 mm and an upper limit of 3 mm, particularly an upper limit of 4 mm, particularly an
upper limit of 5 mm. Accordingly, by employing a plate having a thickness as described
herein, the plate may efficiently compensate for the asymmetric inductive and/or capacitive
mass of the connector assembly. Further, according to embodiments which can be

combined with other embodiments described herein, the thickness of the plate may be
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selected such that an optimal compensation of the asymmetric inductive and/or capacitive

mass of the power connector assembly can be achieved.

[0040] According to embodiments of the method of assembling a deposition source
which can be combined with other embodiments described herein, arranging 320 the
plate 150 may include stacking at least two plates, e.g. stacking a second plate onto a first
plate. For example, stacking at least two plates may include arranging the second plate
onto the first plate. The first plate may have a first thickness as described herein and the
second plate may have a second thickness as described herein. According to embodiments
which can be combined with other embodiments described herein, the first plate and the
second plate may have a different length. For example, the second plate may be shorter
than the first plate. Accordingly, by employing a stack of plates as described herein
asymmetries in capacitive coupling of parts along the power feed-in path and the power
return path may be compensated for. In particular, by employing a stack of plates, e.g. a
stack of plates having different thickness and/or length, the compensation effect of the

plate may be adapted, particularly optimized with respect to a desired compensation effect.

[0041] According to embodiments of the method of assembling a deposition source
which can be combined with other embodiments described herein, arranging 320 the
plate 150 may include arranging the plate over less than 50% of the length of the
magnetron 130. For example, arranging 320 the plate 150 may include arranging the plate
over at least 10% of the length of the magnetron 130, particularly over at least 20% of the
length of the magnetron 130, more particularly over at least 30% of the length of the
magnetron 130, and over less than 50% of the length of the magnetron 130. Preferably,
arranging 320 the plate 150 may include arranging the plate over 35% or more of the
length of the magnetron 130 and over less than 50% of the length of the magnetron 130.
According to embodiments which can be combined with other embodiments described
herein, arranging 320 the plate 150 may include arranging the plate on the magnetron, such
that the plate extends from one end of the magnetron towards the middle of the magnetron,
particularly towards a first plane 132 perpendicularly bisecting the longitudinal axis 131 of

the magnetron 130, as exemplarily shown in FIG. 2.
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[0042] Accordingly, by arranging a plate at a side of the magnetron as described herein, a
discharge asymmetry which may be induced by an asymmetric inductive and/or capacitive
mass of a power connector assembly may be compensated for. In particular, by arranging a
plate as described herein, a shunt for influencing the magnetic field strength of the
magnetron may be provided. Accordingly, the plasma density may beneficially be
influenced in order to establish a uniform plasma density over the target. This may be
beneficial for providing a uniform coating on a substrate by sputtering, particularly by

using a deposition source as described herein.
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CLAIMS

1. A deposition source (100) for sputter deposition in a vacuum chamber,

comprising:

- a target (110) for providing a material to be deposited during the sputter deposition;

- a RF power supply (120) for providing RF power to the target (110);

- a magnetron (130);

- a power connector assembly (140) connecting the RF power supply (120) with the
target (110);

- a RF power return path assembly (166) for providing a return path from the target to the
RF power supply, wherein the power connector assembly (140) and/or the return path
assembly (166) has an asymmetric inductive and/or capacitive mass; and

- a plate (150) arranged at a side of the magnetron (130) for compensating the asymmetric

inductive and/or capacitive mass.

2. The deposition source (100) according to claim 1, wherein the magnetron (130)
extends along a longitudinal axis (131), wherein the asymmetric inductive and/or
capacitive mass is asymmetric with respect to a first plane (132) perpendicularly bisecting
the longitudinal axis (131) of the magnetron (130) and/or wherein the asymmetric
inductive and/or capacitive mass is asymmetric with respect to a second plane including
the longitudinal axis (131) of the magnetron (130); and wherein the plate (150) is arranged
on a side of the first plane (132) and/or the second plane at which the asymmetric inductive

and/or capacitive mass (140) has a lower inductive and/or capacitive mass.

3. The deposition source (100) according to claim 1 or 2, wherein the plate (150) is

arranged over at least 10% and less than 50% of the length of the magnetron (130).

4. The deposition source (100) according to any of claims 1 to 3, wherein the

plate (150) is a magnetic plate which is attached to the magnetron (130) by magnetic force.
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5. The deposition source (100) according to any of claims 1 to 4, wherein the
plate (150) comprises at least one material selected from the group consisting of: iron,
magnetic steel, nickel-iron-alloy (FeNi), cobalt-iron alloy (FeCo), aluminum-iron alloy

(FeAl), aluminum-silicum-iron alloy (FeAlSi), and ferrite.

6.  The deposition source (100) according to any of claims 2 to 5, wherein the power
connector assembly (140) comprises a first power connector (141) connectable to a second
power connector (142), wherein the first power connector (141) has an inductive and/or
capacitive mass which is asymmetric with respect to the first plane (132) and/or the second
plane, and wherein the second power connector (141) has an inductive and/or capacitive

mass which is symmetric with respect to the first plane (132) and/or second plane.

7. The deposition source (100) according to claim 6, wherein the deposition source
comprises a wall portion (102) of the vacuum chamber to which the first power
connector (141) is attached, and wherein the second power connector (141) is connected to

the target (110).

8.  The deposition source (100) according to claim 6 or 7, wherein the second power

connector (141) comprises a junction bridge (143).

9.  The deposition source (100) according to any of claims 6 to §, wherein the second

power connector (141) is connected to the target (110) via a target backing plate (111).

10.  The deposition source (100) according to any of claims 7 to 9, wherein the wall

portion (121) is a door of the deposition source (100) connected to the vacuum chamber.

11.  The deposition source (100) according to any of claims 1 to 10, wherein the RF
power supply (120) is connected to the power connector assembly (140) via a

matchbox (121).
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12.  The deposition source (100) according to claim 2, wherein the plate (150) is arranged
over at least 10% and less than 50% of the length of the magnetron (130), wherein the
plate (150) comprises a stack of at least two plates having a thickness from 0.25 mm to

2.5 mm, wherein the power connector assembly (140) comprises a first power

connector (141) connectable to a second power connector (142), wherein the first power
connector (141) is pivotable around a pivot axis (144) which is parallel to the longitudinal
axis (131) of the magnetron for opening and closing a contact between the first power

connector (141) and the second power connector (142).

13. A sputtering apparatus (200), comprising a vacuum chamber (210) and a deposition

source (100) according to any of claims 1 to 12.

14. A method of assembling a deposition source (300) comprising:

- providing (310) a deposition source comprising a target (110) for providing a
material to be deposited during the sputter deposition; a RF power supply (120) for
providing RF power to the target (110); a magnetron (130); and a power connector
assembly (140) connecting the RF power supply (120) with the target (110); a RF power
return path assembly (166) providing a return path from the target to the RF power supply,
wherein the power connector assembly (140) and/or the return path assembly (166) has an
asymmetric inductive and/or capacitive mass; and

- arranging (320) a plate (150) at a side of the magnetron (130) for compensating the
asymmetric inductive and/or capacitive mass of the power connector assembly (140)

and/or the return path assembly (166).

15.  The method according to claim 14, wherein arranging (320) the plate (150)
comprises coupling the plate (150) to the magnetron (130) by magnetic force.
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