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VAPOR DEPOSITION APPARATUS AND METHOD FORCOATIRG
A SUBSTRATE INA VACUUM CHAMBER

TECHNICAL FIELD

(V4]

[0001] Embodiments of the present disclosure relate to substrate coating by
thermal evaporation m a vacuum chamber. Embodunents of the present
disclosure further relate to the deposttion of one or more coating strips on a
tflexible subsirate via evaporation, ¢.g on a flexible metal foll. In particular,
embodiments relate to the deposition of hthwurn oo a flexible foill, e g for the
10 manufacture of Li-batieries. Specifically, ewmbodiments relate to a vapor
deposttion apparatus, a method for coating a substrate in avacuum chamber, and

a method for mnstaling a vapor deposition apparatus.

BACKGROUND

15 {0002] Various techoiques for deposttion on a substrate, for example,
chemical vapor deposition (CVD) and physical vapor deposition (PVID) are
known. For deposition at high deposition rates, thermal evaporation may be used
as a PVD process. For thermal evaporation, a source material s heated up to
produce a vapor that may be deposited, for example, on a substrate. Increasing

20 the temperature of the heated source material increases the vapor concentration
and can facilitate high deposition rates. The temperature for achieving high
deposition rates depends on the source material physical properties, e.g. vapor
pressure as a function of temperature, and substrate physical limits, e g melting

point,

25 {0003} For example, the material to be deposited on the substrate can be
heated in a crucible to produce vapor at an elevated vapor pressure. The vapor
can be transported from the crucible 1o a heated vapor distributor with a plurality
of nozzles. The vapor can be directed by the one or more nozzles onto a substrate

i a coating volume, for example, m a vacuum chamber.
i
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[(004] The deposition of a metal, e g lthium, on aflexible substrate, e.g on
a copper substrate, by evaporation may be used for the manufacture of batieries,
such as Li-batteries. For example, a lithum laver may be deposited on a thin
flexible substrate for producing the anode of a battery. After assembly of the
anode layer stack and the cathode laver stack, optionally with an electrolyte
and/or separator therebetween, the manufactiwred layer arrangement may be

rolled or otherwise stacked to produce the Li-battery.

[0005] Surfaces of the components, e g the vacuum chamber walls of the
vacuum chamber, may be exposed to the vapor and may be coated. Frequent
mamtenance to remove condensates 13 not practical for high volume
manufacturing, e.g web coating on thin foils. Further, expensive coating
material may be wasted if components of the vacuum chamber different from

the substrate are costed.

[G006] In addition, 1t 18 typically difficult to depostt a layer with accurately
defined sharp edges on a subsirate by evaporation, particularly if the vapor 15 a
metal vapor and the nozzles provide large plume divergences. A shadowing
eftect and a material condensation on shield arrangements may lead to layer
edges on the substrate that are not clearly defined and/or to a roaterial deposition

on substrate areas that are to be kept free of coating material

[0007T] Accordingly, # would be beveficial to have a vapor deposiiion
apparatus and a method for coating a substrate i a vacuum chamber, for which
mamtenance cycles can be reduced and that at the same time enable sharp edges
of coating layers on the subsirate and coating-free substrate edges, even if the
substrate 18 flexible or curved Further, source material wtihzation
advantageously improved. Thus, production costs can be reduced and a laver

quality can be wnproved.

]
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SUMMARY

[0008] In lght of the above, a vapor deposition apparatus, a method for
coating a substrate m a vacuurn chamber, and a method for mstalling a vapor
deposttion apparatus according to the independent claims are provided. Further
5 aspects, advantages and features of the present disclosure are apparent from the

description and the accompanying drawings.

[0009] According to one aspect, a vapor deposition apparatus 15 provided.
The vapor deposition apparatus mchides a substrate support for supporting a
substrate to be coated; a vapor source with a plurality of noezzes for directing
10 vapor toward the substrate support through a vapor propagation volume; and a
heatable shield extending from the vapor source toward the substrate support and
at least partially surrounding the vapor propagation volume, wherein the
heatable shield comprises an edge exclusion portion for masking areas of the

substrate not to be coated.

[
(V4]

{0010} The edge exclusion portion may be arranged at a small distance from
the substrate support, 1e. not in contact with the substrate support, such that the
substrate support together with the substrate supported thereon can move past
the heatable shield and past the vapor source during vapor deposition.
Specifically, the heat shield may be mounted at the vapor source and protrude
20 toward the substrate support, such that the edge exclusion portion of the heatable
shield s held at a close distance (of e g 2 mm or less) from the substrate

support.

(001 1] According to one aspect, a vapor deposition apparatus is provided.
The vapor deposition apparatus mchides a substrate support for supporting a
25 subsirate to be coated, wherein the substrate support 15 a rotatable drum with a
curved drum swrface; a vapor source with a plurality of nozzles for directing
vapor toward the curved drum surface through a vapor propagation volume; and
a heatable shield extending from the vapor source toward the curved drum
surface and at least partially surrounding the vapor propagation volume, the

30 heatable shield defining a coating window on the curved drum surface.

(98]
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[0012] According to one aspect, a method for coating a substrate in a vacuum
chamber s provided.  The method includes moving a substrate past a vapor
source on a curved drum surface of a rotatable drum m a circumferential
direction, directing vapor from the vapor source toward the substrate supported
5 onthe curved drum surface through a vapor propagation volume; and heating a
heatable shield that extends from the vapor scurce toward the curved drum

surface and at least partially surrounds the vapor propagation volume.

[0013] According to one aspect, a method for coating a substrate in a vacuum
chamber 1s provided. The method includes supporting a substrate on a substrate
10 support; directing vapor from a vapor source toward the substrate supported on
the substrate support through a vapor propagation volume, heating a heatable
shield that at least partially swrrounds the vapor propagation volume; and
masking areas of the subsirate not to be coated with an edge exclusion portion

of the heatable shield

15 {0014] In methods described heremn, the heatable shield is heated to a
temperature {(also referred to herein as an “operation femperature”} for
preventing or at least reducing vapor condensation on the heatable shield. Rather,
vapor hitting the heatable shield may be re-evaporated and/or reflected. The
“heatable shield” may therefore also be referred to herein as a “temperature-

20 controlled shield” since the temperature of the heatable shield canbe settoa
predetermined operation temperature during the vapor deposition, reducing or

preventing a vapor condensation on the heatable shield

[0015] According to one aspect, a method for wstalling a vapor deposition
apparatus is provided. The method includes providing a rotatable drum with a
25 curved drum surface for supporting a substrate and a vapor source for directing
vapor toward the curved drurn surface; and mounting a heatable shield such that
the heatable shield extends from the vapor sowrce toward the curved drum
surface and defines a coating window, wherein the heatable shield comprises an
edge exclusion portion extending along the curved drum surface m a

36 cwoumferential direction and following a curvature thereof
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[0016] According to one aspect, a method of manufacturing a coated
substrate i the vapor deposition apparatus according to any of the embodiments
described heremn is provided. The method mchides supporting a substrate on the
substrate support of the vapor deposition apparatus; and directing vapor from the
5 wvapor source of the vapor deposition apparatus toward the substrate for

depositing one of more coating strips on the substrate.

[0017] Hmbodiments are also directed at apparatuses for carrying out the
disclosed methods and include apparatus parts tor performing each described
method aspect. These method aspects may be performed by way of hardware
10 components, a computer programmed by appropriate  software, by any
combination of the two or in any other manner. Furthermore, embodiments
according to the present disclosure are also directed at methods for
manufacturing the described apparatuses and products, and methods of operating
the described apparatus. Described embodiments include method aspects for

15 carrying out every function of the described apparatuses.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] So that the manner in which the above rectted features of the present
disclosure can be understood in detail, a more particular description of the
20 disclosure, briefly summarized above, may be had by reference to embodiments.
The accompanying drawings relate to embodients of the disclosure and are

described in the following:

FIG 1 shows a schematic sectional view of a vapor deposttion  apparatus

according to embodiments of the present disclosure;

FiG 2 shows g schematic sectional view of a coated subsirate manufactured

-]
(¥

according to embodiments of the present disclosure;

FiG 3 shows a schematic view of a vapor deposition apparafus according

to embodiments of the present disclosure;
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FIG 4 shows a perspective view of a heatable shield of a vapor deposition

apparatus according to embodiments of the present disclosure;

FIGs. 5A and 5B show partial sectional views of vapor deposition
apparatuses according to embodiments of the present disclosure. The heatable
shield is not heated in FIG. 5SA, and the heatable shield s heated to an operation

temperature m FIG SB;

FIG 6 shows a partial sectional view of a vapor deposition apparatus

according to embodiments of the present disclosure;

FIG. 7 shows a flowchart for lustrating a method for coating a substrate i

a vacuum chamber according to embodiments described herein;, and

FIG 8 shows a flowchart for mstaling a vapor deposition apparatus

according to embodiments described herem.

BETAILED DESCRIPTION OF EMBODIMENTS

[0019] Reference will now be made i detad to the various embodiments of
the disclosure, one or more examples of which are flustrated n the figures.
Within the following description of the drawings, the same reference numbers
refer to same components. Only the differences with respect to mdividual
embodiments are described. Each example is provided by way of explanation of
the disclosure and s not meant as a limitation of the disclosure. Further, features
Hlustrated or described as part of one embodiment can be used on or
conpunction with other embodiments to yield vyet a further embodiment. It 18

mtended that the description mchudes such modifications and variations.

{0020} Within the following description of the drawings, the same reference
osumbers referto the same or similar components. Generally, only the differences
with respect (0 the individual embodiments are described. Unless specified
otherwise, the description of a part or aspect m one applies 1o a corresponding
part or aspect i avother embodiment as well

6
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[0021] According to embodiments of the present disclosure, apparatuses and
methods for coating by evaporation m a vacuum chamber are provided. For
depositing a substrate with a source material by evaporation, the source material
may be heated mside a vapor source, e.g mside a crucible of the vapor source,

5 above the evaporation or sublmation temperature of the source material
Embodiments of the present disclosure result i reduced condensation on
surfaces other than the substrate surface, such that cleaning efforts and waste of
material due to stray coating i the vacuum chamber can be reduced. In addition,
embodiments  of the present disclosure provide a clearly defined and sharp

10 coating layer edge on the substrate, even if the substrate is flexible and/orin a
curved state during the vapor deposition. Yet further, embodiments disclosed
herein allow for an accurate substrate edge masking, even if the substrate
coated while being arranged on a moving substrate support, particularly on the

curved drum surface of a coating drum.

15 [00z23 FIG 1 is a schematic view of a vapor deposition apparatus 100
according to embodiments descnbed heren. The vapor deposition apparatus 100
ncludes a substrate support 110 for supporting a substrate 10 thatis to be coated.
The vapor deposition apparatus 100 further includes a vapor source 120 with a
plurality of nozzles 121 for directing vapor 15 toward the substrate suppost 110

20 through a vapor propagation volume 20. The vapor propagation volume 20 may
be understood as a volume or space between the vapor source 120 and the
substrate support through which the vapor is directed by the plurality of nozzles
121, Ht1s beneficial if at least wost of the vapor that 15 enuited by the pluraiity

of nozzles 121 is confined in the vapor propagation volume 20, 1e. in a defined

A\
(V4]

volume downstream of the plurality of nozzles 121, such that a stray coating of
other components mside the vacuurm chamber but outside the vapor propagation

volume 20, e.g. of vacuum chamber walls, canbe reduced or avoided.

[0023] In some embodiments described herein, the substrate support 110 s

movable, such that the substrate 10 can be moved past the vapor source 120

o

30 during vapor deposition. An accurate masking of areas of the substrate 10 that

are to be kept free of coating material, specifically an accurate masking of
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substrate edges (also referred to herem as “edge exclusion”) s challenging,
particularly if the substrate moves past the vapor source 120 during the vapor

deposition.

(0024} In some implementations, the substrate support 110 is a rotatable
5 drum with a curved drum swrface 111, and the vapor deposition apparatus is
configured to move the substrate 10 on the curved drum surface 111 past the
vapor source 120 i a circumferential direction T. For example, the substrate
may be a flexible web or foil, and the vapor deposition system may be a roll-to-
roll deposition systern. An accurate masking of areas of a substrate that are not
10 to be coated is particulatly challenging i the substrate moves and s supported
on a curved drum swrface 111 during the vapor deposition, because a distance
between the vapor source and the substrate support where the substrate is
supported may vary in the circumferential direction T due to the curvature of the

curved drum surface 111

15 [002S] A “creumderential direction T7 as used herein may be understood as
the direction along the circumference of the coating drum that corresponds to the
movement direction of the curved drum surface 111 when the coating drum
rotates around an axas A The cuwcumferential dwection corresponds to the
substrate transport direction when the substrate is moved past the vapor source

20 120 on the curved drum surface. In some embodiments, the coating drum may
have a diameter m a range of 300 to 1400mm or larger. As already mentioned
above, reliably shiclding the vapor 15 downstream of the plurality of nozdes
121 for confining the vapor in the vapor propagation volume 20 and providing
accurately defined and sharp layer edges is particularly difficult when a flexible

25 substrate 18 coated that is moved on a curved drum surface, because the vapor
propagation volume and the coating window may have a complex shape in this
case. Embodiments described herein enable a reliable and accurate edge
exclusion and material shielding also i vapor deposition apparatuses configured

to coat a web substrate provided on a curved drum surface.

30 [0026] The vapor deposttion apparatus 100 may be a rol-to-roll deposition
system for coating a flexible substrate, e g a foil. The substrate to be coated may

8



WO 2021/247380 PCT/US2021/034611

have a thickness of 50 um or less, particularly 20 pou or less, or even 6 ym or
less. For example, a moetal foil or a flexible metal-coated foil may be coated
the vapor deposition apparatus. In some implementations, the substrate 10 5 2
thin copper foll or a thin aliminum foil having a thickness below 30 um, eg
5 6pm or less. The substrate could also be a thin metal foil (e.g. a copper fuil)
coated with graphite, sihcon and/or siicon oxide, or a mixture thereof, e.g ina
thickness of 150wm or less, particularly 100 pm or less, or even down to S0um
or less. According to some mplementations, the web may further comprise
graphite and sificon and/or sticon oxide. For example, the lthum may pre-

10 lithiate the layer including graphite and silicon and/or silicon oxide.

(6027} In a roli-to-roll deposition system, the substrate 10 may be unwound
trom a storage spool, at least one or more material layers may be deposited on
the substrate while the substrate is guided on the curved drum surface 111 of a
coating drum, and the coated substrate may be wound on a wind-up spool after

15 the deposition and/or may be coated in further deposition apparatuses.

(0028} According to embodiments described herein, the vapor deposition
apparatus further includes a heatable shield 130 that extends from the vapor
source 120 toward the substrate support 110 and at least partially surrounds the
vapor propagation volume 20. In particular, the heatable shield 130 may be
20 mounted at the vapor source 120, e g at a periphery of the vapor source 120, or
at another statiovary support i the vacuum chamber, and way extend from the
vapor source 120 toward the substrate support 110, The heatable shield 130 may
be mounted stationary i a vacuum chamber of the vapor deposition apparatus,
ie. the heatable shield does not move together with the substrate support 110,
25 The heatable shield 130 may be shaped such that the heatable shield at least
partially or entirely surrounds the vapor propagation volume 20, reducing or
preventing a propagation of the vapor 15 outside the vapor propagation volume.
Io other words, the heatable shield 130 may form a side wall of the vapor

propagation volume 20 and confine the vapor 15 or at least a major part thereof

<o

3¢ i the vapor propagation volume. A stray coating on surfaces outside the vapor

propagation volume 20 that s {at least partially or entirely) surrounded by the
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heatable shield can be reduced, and the cleaning of the apparatus can be

facilitated.

[0029] In particular, the heatable shueld 130 may be arranged atleast attwo
opposite lateral sides of the vapor propagation volume 20, as is schematically
5 depicted in the sectional view of FIG 1, preventing vapor from exiting the vapor
propagation volume 20 toward the left and right sides m FIG. 1, 1e. in the lateral
direction L that extends along the axis A of the coating drum. Additionally, in
some embodiments, the heatable shield 130 may alsc be asranged at at least one
of a substrate entrance side (defimng a substrate entrance wall of the vapor
10 propagation volume 20} and a subsirate exit side {defining a substrate exit wall
of the vapor propagation volume 20} of the vapor propagation volume 20 {(not
shown m FIG 1, but visible in FIG 4 where the heatable shield provides a
shielding wall also at the substrate exit side 137 of the vapor propagation volume
20y, If two or more vapor sources are arranged adjacent fo each other at a
15 periphery of a coating drum (see FIG. 3), two or more vapor propagation
volumes of two or more vapor sources may not be fully separated from each
other by the heatable shield, 1e the heatable shield may have a partially open
side wall 138 or no side wall at an mterface between the two adjacent vapor

sources (see F1G. 4).

20 {0030} Returning to FIG. 1, the heatable shield 130 does not contact the
substrate support 110, such that the subsirate supported oo the substrate support
110 can move past the vapor source 120 and past the heatable shield 130 during
vapor deposition. The heatable shield 130 may only leave a small gap between
the heatable shield 130 and the substrate support 110, e.¢g agap of S mm or less,
25 3mm or less, 2o or less, or even about 1 mim or less, such that hardly any

vapor can propagaie past the heatable shield i the lateral direction L.

[003 1} The heatable shield 130 is heatable, such that vapor condensation on
the heatable shield 130 can be reduced or prevented when the heatable shield
130 13 heated to an operation temperature, €.¢ an operation temperature of
36 500°C or more in some embodiments. Preventing vapor condensation on the
heatable shield 130 i3 beneficial because cleaning efforts can be reduced.

10
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Further, a coating on the heatable shield 130 may change the dimensions of a
coating window that is provided by the heatable shield. 1o particular, ¥ a gap m
the range of only few millimeters, e.¢ of about 1 mm or less, is provided between
the heatable shield 130 and the substrate support 110, a coating on the heatable
shield would lead to a change i the gap dimensions and hence to an undesired
change i an edge shape of a coating layer deposited on the substrate. Further,
source material  utiization can be mproved when no source material
accumulates on the heatable shield. Specifically, essentially all of the source
material propagating nside the vapor propagation volume 20 can be used for
coating the substrate surface if the heatable shield is heated to the operation

termperature that may be above a vapor condensation femperature.

[0032] A “vapor condensation temperature” as used herein may be
understood as a threshold temperature of the heatable shield above which the
vapor 13 no longer condenses on the heatable shield. The operation temperature
of the heatable shield 130 may be at or (slightly} above the vapor condensation
temperature. For example, the operation temperature of the heatable shield may
be between 5°C and 50°C above the vapor condensation temperature in order to
avoid an excessive heat radiation toward the substrate support. It is to be noted
that the vapor condensation temperature may depend on the vapor pressure.
Since the vapor pressure dowuostream of the plurality of nozzles 121 i the vapor
propagation volume 20 is lower than the source pressure mside a crucible 160
and/or nside a distributor 161 of the vapor source 120, the vapor mside the vapor
source 120 may condense already at a lower temperature than the vapor 15 mnside
the vapor propagation volume 20, The “vapor condensation temperature” as used
herein relates to the temperature of the heatable shield downstream of the
plurality of nozzles m the vapor propagation volume 20 that avoids a vapor
condensation on the heatable shield. The “evaporation temperature” as used
herein relates to a temperature inside the vapor source 120 upstream of the
plurality of nozzles 121 at which the source material evaporates. The evaporation
temperature within the vapor source 120 8 typically higher than the vapor
condensation temperature inside the vapor propagation volume 20. For example,

the evaporation temperature mside the vapor source may be setto a temperature

3!
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above 600°C, whereas the vapor condensation teraperature downstream of the
plurality of nozzles 121 may be below 600°C, e.g from 500°C to SS0°C, if
lthinm  is evaporated. In embodiments described herein, the temperature inside
the vapor source may he 600°C or more, whereas the operation temperature of
5 the heatable shield may be set at less than 600°C, e.g from SO00°C to 550°C

during vapor deposition,

[0033] Vapor hitting the heatable shield that 18 provided at the operation
terperature of, e.g 300°C to S50°C, may be mumediately re-evaporated or
reflected from the heatable shield surface, such that the respective vapor
10 molecules end up on the subsirate surface rather than on the heatable shield
surface. Material accumulation on the heatable shield can be reduced or

prevented, and cleaning efforts can be reduced.

[0034] The ‘“heatable shield” may alsc be referred to herein as a
“temperature-controlled shield” since the temperature of the heatable shield can
1S be set to the predetermined operation temperature during the vapor deposition,
reducing of preventing the vapor condensation on the heatable shield In
particular, the temperature of the heatable shield can be controlled to be
mamtained in a predeterouned range. A countroller and a respective heating
arrangement controlied by the controller may be provided for controlling the

20 temperature of the heatable shield during vapor deposition.

Fa¥al

[0035] According to embodiments described herein, the heatable shield 130
mnclades an edge exclusion portion 131 for masking areas of the substrate not to
be coated. In particular, a front portion of the heatable shield 130 that is arranged
close to the substrate support 110 and may provide a projecting free end thereof
25  may be configured as an edge exclusion mask that masks areas of the substrate,
such as substrate edges, that are to be kept free of coating material In particular,
one or two opposing lateral substrate edges 11 i the lateral direction L may be
kept free of coating material due to edge exclusion portions 131 of the heatable
shield 130 that act as an edge exclusion mask. For being able to act as an edge
30 exclusion mask, the edge exclusion portion 131 needs to be arranged at a close
distance from the substrate during vapor deposition, specifically at a distance of

12
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2mm orless or 1.S ram or less, particularly about 1 mm or less {e.g., | mm +/-
2004 Since a thickness of the substrate 5 typically 50 o or less, particularly
between 6 um and 10 um, a distance between the substrate and the edge
exclusion portion essentially corresponds to a distance between the substrate
5 support and the edge exclusion pottion, such that the substrate thickness may be
neghgible i this respect. A gap between the edge exclusion portion 131 and the
substrate of 2 mm or more during deposiiion may already lead to a considerable
vapor propagation ito the gap from distantly arranged nozzles having a large
plume divergence, preventing an edge exclusion and providing sloping layer

10 edges and coated substrate edges.

[00306] According to embodiments described herein, a distance D between
the edge exclusion portion 131 and the substrate support 110 is typically 2 mm
or less, patticudatly 1 rom or less, when the heatable shield s heated to the
operation temperature. Hence, the edge exclusion portion 131 of the heatable
15  shield 130 can act asan edge exclusion mask, masking the substrate edges and
providing sharp and well-detined coating laver edges. For example, a coatng
layer thickness may drop from 100% to 1% or less within a range of 3 mm or

less in the lateral direction L at a lateral coating layer edge.

(00371 The dimensions of the heatable shield 130 may expand when the
20 heatable shield is heated from room temperature (about 20°C) to the operation
temperature, €.g to an operation teroperature of 300°C or more. Accordmgly,
due to said thermally induced expansion, the edge exclusion portion 131 may
move closer toward the substrate support 110 during the heating of the heatable
shicld. According to embodiments described herem, the heatable shield 130 1s
25 shaped and mounted such that the width of a gap between the edge exclusion
portion 131 and the substrate support 110 is reduced to an essentially constant
gap width of 2 mm or less, particularly about 1 mm, when the heatable shield
heated to the operation temperature, ¢.g o a temperature between S00°C and

600°C.

36 [0038] According to embodiments described herem, a maximum distance Db
between the edge exclusion portion 131 and the substrate support 110 may be

13
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2mm or more and 6 mm or less, when the heatable shield is not heated, 1e.
provided at a room temperature {about 20°C). The heatable shield may be
posttioned  with a variable distance (ie, unsymmetrically positioned) with
respect to the substrate support, such that the distance becomes essentially
constant by heating the heatable shield to the operation temperature. Ou the other
hand, when the heatable shield is heated to the operation temperature {e.g,
between 500°C and 600°C), the maximum distance D between the edge
exchision portion 131 and the substrate support may be less than 2 mm,
particularly 1.5 mm or less, more particularly about 1 mm, or even less than
I mm. On the other hand, the heatable shield may be dimensioned and mounted
such that, even at the operation temperature, the heatable shield does not contact
the substrate support. In some embodiments described herein, an essentially
constant gap width of 1 mm 15 provided between the edge exclusion portion 131
of the heatable shield and the substrate support 110, when the heatable shield is
heated to the operation temperature. The gap width T may be essentially constant
over the extension of the gap in the circumferential direction T, e g the gap width
D may be constantly between 0.8 mm and 1.5 mm, particularly about 1 mm

(1 mm +/-15%) i the circumferential diection T

{00397 If the substrate support 110 18 a rotatable drum with a curved drum
surface 111 on which the subsirate is supported during deposition, the edge
exclusion portion 131 of the heatable shield 130 may extend along the curved
drum surface 111 m the circumferential direction T and follow a curvature
thereof, as 3 schematically depicted in FIG. 3 and FIG. 4. Specifically, when the
heatable shield is not heated, the maximum distance D between the edge
exclusion portion 131 and the curved drum surface 111 may be 2 mm or more
and O nun or less, and/or when the heatable shield 15 heated to the operation
temperature, the maximum distance D between the edge exclusion portion and
the curved drum surface may be Zmm or less, particularly about 1 mm
Specifically, m the heated state of the heatable shield, the distance D between
the edge exclusion portion 131 and the cwved drum surface 111 may be
essentially constant along the gap extension i the circumferential direction T,

e.g having an essentially constant value of 1.5 mm or less and 0.8 mum or more.
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Accordingly, one lateral substrate edge or two opposing lateral substrate edges

11 canbe reliably excluded from deposition, even if the substrate s arranged on

the curved drum surface 111 during the vapor deposition.

[0040] In some embodiments, which can be combined with other

5  embodiments described herein, the edge exclusion portion 131 is configured to
mask two opposing lateral substrate edges 11, For example, asit 15 schematically
depicted wn FIG 1, edge exclusion portions 131 protrude toward a first substrate

edge in the lateral direction L and toward a second opposite substrate edge in the
lateral direction L, masking the two cuter opposing lateral substrate edges 11,

10 preventing a material coating on these subsirate edges and ensuring well-defined

coating layer edges.

[0041] FIG. 2 shows a schematic sectional view of a coated substrate 10
manufactured in any of the vapor deposition apparatuses described herein. The
two opposing lateral substrate edges 11 are essentially free of coating material
15 due to the masking by the edge exclusion portion 131 of the heatable shueld. A
coating layer or two or more coating strips 13 with well-defined outer edges are
deposited. A strip of coating material having defined and sharp cuter edges can
be deposited on the substrate. In the example depicied n FIG. 2, two separate
coating strips of coating material having respective defined and sharp edges are
20 depostted on the substrate 10, An inner substrate area 12 may be kept free of

coating material.

[0042] Returning to FIG. 1, the heatable shield 130 may (optionally) have a
segmentation portion 132 for masking an inner substrate area 12, eg for
enabling a deposition of two or more coating strips. If the segmentation portion
25 132 extends centrally between the edge exclusion portions 131, two separate
strips of coating matenial having an essentially equal width n the lateral direction
L can be deposited on the subsirate. The segmentation portion 132 may be
arranged between the edge exclusion portions 131 that mask the cuter substrate
edges, and the segmentation portion 132 may extend i the ciwcumferential
36 direction. The segmentation portion 132 may have a width in the lateral L
direction of 1 cm or more and 10 cm or less. Accordingly, several coating strips

i
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which are spaced apart could be arranged even or unevenly over the surface of

the substrate 11.

[0043] In some mplementations, the segmentation portion 132 may divide
a coating window that s provided by the heatable shield 130 into two or more
5 sub-windows, such that two or more coating strips can be deposited on the
substrate. The segmentation portion 132 may be arranged close to the substrate
support 110 during vapor deposition, acting as an edge exclusion mask portion
that masks an mner substrate area 12 that is not to be coated, 1.e. that is 1o be
kept free of coating material. The segmentation portion 132 may be arranged at
10 a close distance to the curve drurn surface 111, e.g, at a distance of 2 mm or
less. Accordingly, sharp tner edges of the two coating strips 13 that are
deposited on the two lateral sides of the segmentation portion 132 can be
provided. In some ermbodiments, several segmentation portions 132 may be
provided that divide the coating window into three or more sub-windows, such
15 that three or more coating strips can be deposited on the substrate. For example,
the one or more segmentation portion(s} 132 may divide the coating window nto
two ot more sub-windows having an equal width 1o the lateral direction L.
Hence, two, three or more coating strips 13 having an essentially equal width

and sharp and well-defined edges canbe deposited on the substrate.

20 [0044] The coating window that is defined by the heatable shield 130 may
have a width of 80% or more, particularly 90% or more, of a substrate width
the lateral direction L. The lateral substrate edges 11 in the lateral direction L are
masked by the heating shield The coating window may be configured as one
single opening or may be divided mn two, three, four or more sub-windows.

25 Accordingly, either one single continuous matenial laver may be deposited on
the substrate if no segmentation portion 132 is provided, or alternatively two,
three or more coating strips may be deposited on the substrate if one, two or
more segmentation portions are provided The width of the coating window i

the lateral direction L may be 20 cm or more and 1 m or less, such that a coating

|99

o

strip having a width of 20 cm or more and 1 m or less can be deposited in some

embodiments. Alternatively, the width of each of several sub-windows m the
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lateral direction may be S cm or more and S0 cm or less, such that several coating
strips having a width each of 5 cro or more and 50 cm or less, particularly 20 om
or more and 40 cm or less, can be deposited on the substrate through a heatable

shield having one or more segmentation portions.

5 [0045% In some embodiments, which can be combined with other
emnbodiments  described herem, the vapor souwrce 120 may be configured to
evaporate a metal, particularly a metal having an evaporation temperature of
500°C or more, particularly 600°C or more. In some mplementations, the vapor
source 120 may be configured to deposit a lithium layer on the substrate. The

10 vapor source 120 may melude a crucible 160 configured to be heated to a
temperature of 600°C or more, particularly 800°C or more, and a distributor 161
configured to guide the vapor from the crucible 160 to the phurality of nozzles
121, wherem an nner volume of the distnibutor can be heated to a temperature

of 600°C or more, particularly 800°C or more.

1S [0046] The vapor deposition apparatus may further mclude a heating
arrangement 140 for actively or passively heating the heatable shield 130 to an
operation temperature above a vapor condensation temperature, particularly to a
temperature of S00°C or more and 600°C or less, particularly 300°C or more and
550°C or less. If the temperature of a surface of the heatable shield 130 is below
20 the vapor condensation femperature, the vapor 15 can condense on a surface of
the heatable shield. Accordingly, the operation temperature of the heatable shield
may be controfled to be above the vapor condensation temperature. Specifically,
the operation temperature of the heatable shield may be only shghtly above the
vapor condensation temperature, ¢ 10°C or more and 50°C or less above the
25 wvapor coudensation temperature, i order to avoid an excessive heatload toward

the substrate.

(0047} In some embodiments, the vapor deposttion apparatus inchides a
controller 14! connected to the heating arrangement 140, the controller 141
configured to control the terperature of the heatable shield 130 to be lower than
30 a temperature inside the vapor source 120 and higher than the vapor
condensation temperature. The heatable shield may therefore also be referred to
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herem as a “temperature-controlled shield”. The operation temperature of the
heatable shield should be as low as possible, ® order to reduce the heat load
toward the substrate, but should be high encugh to prevent vapor condensation
on the heatable shield The operation temperature of the heatable shield i
5 typically less than the evaporation teroperature inside the vapor source 120, e.g,,
inside a crucible 100 o a distributor 161 of the vapor source, because the
pressure mside the vapor source 120 18 typically higher than the pressure mside

the vapor propagation volume 20 downstream of the plurality of nozzes 121

[0048] FIG. 3 shows a schematic view of a vapor deposition apparatus 200
10 according to embodiments described herein, viewed i a direction aloog the
rotation axis A of the substrate support 110 that s configured asa rotatable drum
The vapor deposttion apparatus 200 may inchide some or all of the features of
the vapor deposition apparatus 100 shown in FIG. 1, such that reference can be
made to the above explanations, which are not repeated here. A substrate 10 that
15 s flexable, e.g athm foil substrate, can be moved past the vapor source 120 of

the vapor deposition apparatus 200 on the curved drum surface 111

(00491 The vapor source 120 includes a plurality of nozzles 121 for directing
vapor toward the curved drum surface 111 through the vapor propagation
volume. Further, the heatable shield 130 is provided. The heatable shield 130
20 extends from the vapor scurce 120 toward the curved drum surface 111 and at
least partially swrounds the vapor propagation volume. In some embodiments,
the heatable shield 130 defines a coating window on the cuwrved drum surface,
ie. anarea on the curved drum surface where vapor molecules directed from the
Vapor Source can impinge on the substrate supported on the curved drum surface.
25 In some embodments, the vapor source 120 is mounted and extends along a
periphery of the rotatable drum, such that the plurality of nozzles 121 of the

vapor source 120 are directed toward the curved drum surface 111

[0050] For example, the coating window that is defined by the heatable
shield 130 associated to one vapor source 120 may extend over an angular range
36 a of 10° or more and 45° or less of the curved drum surface 111 in the
circumferential dwection T. Two, three or more vapor sources 120 may be
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arranged next to each other m the circumferential direction, e g, for depostting
several material layers on the substrate or for depositing one thick material laver
of the same material on the substrate. In one embodiment, two, three or more
metal evaporation sources, particularly lthium sources, are arranged adjacent to
5 each other in the circumderential direction T of one rotatable drum, such that a
thick metal laver can be deposited ou the substrate, while the substrate moves on

the curved drum surface 111 of one rotating drum.

[0051] The coating windows defined by the heatable shields 130 of adjacent
vapor sources may be separate {(as it 18 schematically depicted i FIG 3), or
10 altermatively, the coating windows defived by the heatable shields 130 of
adiacent vapor sources may partially overlap. For example, separation walls
provided by the heatable shields associated to two adjacent vapor sources may
be partially open. A heatable shield with a partially open side wall 138 that
defines the interface between two adjacent coating windows 1§ depicted m FIG

15 4

{0052} According to embodiments described herein, the heatable shield 130
includes an edge exclusion portion 131 extending in a circumferential direction
T of the rotatable drom and configured to mask areas of the substrate not to be
coated. For example, afirst lateral edge of the substrate and a second lateral edge
20 of the substrate oppostte the first lateral edge may be excluded from deposition.
The edge exclusion portion 131 may follow a curvature of the curved druro
surface along the circumferential direction T, such that the lateral edges of the
substrate are accurately masked when the subsirate moves along a curved

transport path defined by the curved drum surface.

25 [0053] In particular, a distance D between the edge exclusion portion 131
and the curved drum surface 111 may be 2 mm or less, particularly about 1 mm,
along the full extension of the edge exclusion portion 131 in the circumferential
direction T when the heatable shield is heated to the operation temperature. The
edge exclusion portion 131 may extend n the ciwcumfberential direction T over

36 20 cem or more, 30 cm of more, or even 50 cm or more. Specifically, a
circumferentially-extending gap 18 provided between the edge exclusion portion
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131 and the curved drum surface 111, the gap having an essentially constant gap
width between about 0.8 myn and about 1.5 mun when the heatable shield
heated to the operation temperature, particularly a constant gap width of about

1 mm.

[0054] FI(3. 4 shows a perspective view of a heatable shield 130 of a vapor
deposition apparatus described herein. The heatable shield 130 may have atleast
two opposing lateral side walls definmng the vapor propagation volume 20
therebetween. Edge exclusion portions 131 may be provided at a front of the two
opposing lateral side walls and be configured for masking opposing substrate
edges. As 1s schematically depicted i FIG 4, the edge exclusion portion 131
may have curved front surfaces with a curvature adapied to a curvature of the
coating drum. The edge exclusion portions 131 may become thinner when
approaching respective masking rims that define the coating layer edges and are
arranged particularly close to the curved drum surfaces during deposition.  After
mounting to the vapor source, the two opposite lateral side walls of the heatable
shield 130 may protrude from the vapor source toward the curved drum surface,
leaving a small gap between the edge exclusion portions 131 and the curved
substrate surface. The gap has an essentially constant gap width along the
crrcumterential direction when the heatable shield s heated to the operation

temperature,

[00S 5] The edge exclusion portions 131 are curved, following exactly a
curvature of the curved drum surface during vapor deposition, such that a
constant small gap width s provided between the edge exclusion portions 131
and the curved drum surface 111 when the heatable shield is heated to the

operation temperature and has thermally expanded.

[00S6] Optionally, the heatable shield 130 may further mclude a
segmentation portion 132 that is arranged between the edge exclusion portions
131 and 8 configwred for masking an inner substrate area. In FIG 4, the
segmentation portion 132 18 depicted w dashed lnes as being optional The
curvature progression of the segmentation portion 132 i the circumferential
direction may correspond to the curvature progression of the edge exclusion

20
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portion 131 m the circumferential direction T, leading to a constant and small
gap between the segmentation portion 132 and the curved drum surface 111
during vapor deposition, when the heatable shield 130 (including the
segmentation portion 132} 18 heated to the operation temperature. In some
erobodiments, two, three or more segmentation portions 132 are arranged
between the edge exclusion portions 131, eg with an even spacing
therehetween. Accordingly, two, three or more coating strips that may have an

essentially equal lateral width can be depostied on the substrate.

[00ST] FIG. SA and FIG 5B respectively show a part of a substrate support
110 in the form of a rotatable drum with a curved drom surface 111, A heatable
shigld 130 as described herein that defines a coating window faces toward the
curved drum surface 111, such that a small and essentially constant gap is
provided between au edge exclusion portion 131 of the heatable shield 130 and
the curved drum surface 111, FIG SA shows the heatable shield at room
temperature, t.e. in an unheated state, and FIG. 5B shows the heatable shield at
an operation temperature, e.g, during vapor deposiion. The operation
temperature of the heatable shield may be 200°C or more, particularly 300°C or
more, 400°C or more, or even S00°C or more, e.g between 500°C and 600°C,
depending on the source material that s evaporated, such that vapor

condensation on the heatable shield can be reduced or prevented.

[00S8] The rotatable drum roay have a radius of 0.2 m or more, particularly
0.5 m or more, e.g about 0.7 m. The radius of curvature of the edge exclusion
portion may essentially correspond to the radius of curvature of the curved drum
surface, 1e. the edge exclusion portion 131 may follow a curvature of the curved

drum surface 111

{00597 In F1G. 5A, the gap width D between the edge exclusion portion 131
and the curved drum surface 111 may be, at least in sections, larger than the
respective gap width D in FIG 5B, e, after heating of the heatable shield to the
evaporation temperature. The reason is that the heatable shicld may thermally
expand during the heating. In FIG. 5B, the gap width D 15 essentially constant
and very small over the whole extension of the heatable shield along the

21
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crrcumferential direction. In FIG. 5A, the gap width may be slightly varying n
the cwreurnferential direction, e.g., with a varation range that may be 0.5 wwm or
more and 3 mm or less — depending on (1) the thermal expansion coefficient of
the material of the heatable shield, (2) the operation temperature, (3) the angular
5 extension of the heatable shield m the circumferential dwection, and/or (4) the

positions of the fixing points of the heatable shield.

{0060} For example, i the heatable shield is radially fixedly mounted atend
portions thereof in the circumferential direction, allowing a central portion of the
heatable shield to radially move, a first distance between the edge exclusion
10 portion and the curved drum surface in a center section of the heatable shield
{marked (2} in FIG. SA and FIG. 5B} becomes smaller when the heatable shield
be larger o the unheated state shown m FIG. SA thav w the heated state shown
in FIG. 5B, for example by 0.5 mny or more oreven 1 mm or more. In particular,
15 if (1) the temperature difference between the room temperature and the operation
temperature 18 about S00°C, and (2) the heatable shield is made of stamnless steel
ot a material with a similar thermal expansion coethcient, the difference D atthe
central posttion (marked (2)) may be about 2.3 mm in FIG 5A and about 1 mm

n FIG. 5B.

20 {0061 If the heatable shield is radially fixedly mounted at end portions
thereof in the cwrcumferential divection, allowing a central portion of the heatable
shigld to radially move, a second distance between the edge exciusion portion
and the curved drum surface in end sections of the heatable shield (marked (1)
n FIG SA and FIG 5B) hardly moves radially mwardly when the heatable

25 shield s heated. Accordingly, the distance D at an end position (marked (1)) in
FIG. 5A and i FIG 5B may essentially correspond to each other, because there
15 hardly any thermally caused movement at the end portion of the heatable

shield when the heatable shield is heated.

[0062] Summarizing the above, the heatable shield may be mounted such,
36 that — at room temperatwre - the gap width varies wn the cwcumferential
extenston, such that a varying thermal movement of the edge exclusion portion
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radially mwardly s pre-compensated and — at the operation teruperature — an

essentially constant and small gap width canbe provided.

[0063] FIG 6 ilustrates a fixing of the heatable shield, such that a heating
of the heatable shield leads to thermal movement of the heatable shield,
5 providing aconstant gap width between the heatable shield and the curved drum
surface over the full extension of the heatable shield m the crcumferential

direction.

{0064} At least three alignment pins 171, 172 protruding into respective
alignment recesses may be provided for holding the heatable shield 130 such that
10 the edge exclusion portion 131 of the heatable shield faces toward the curved
druma suwrface and 8 arranged at a close distance thereto. The at least three
alighment pins 171, 172 may be spaced-apart from each other m the
circumferential direction and protrude into respective alignment recesses for
positioning  the heatable shield at a predetermined radial distance from the
15 rotatable drom with a sub-mm deviation over the full extension of the heatable
shield in the circumferential direction when the heatable shield is heated,

particularly with a deviation of less than 100 wm or less than 50 ym.

[0065] For example, two outer alignment pins 171 may not allow any radial
movement of the heatable shield at the positions of the two outer alignment pins
20 171, but may optionally allow for a movement of the heatable shield w the
circumferential direction T at the positions of the two outer alignment pms 171
In particular, the two outer alignment pins 171 may protrude mio recesses that
are elongated in the circumferential direction, but do vot provide avy play i the
radial direction. Since the two outer alignment pins 171 do not allow a movement
25  of the heatable shield m the radial direction, a gap width at the position of the
two outer alignment pms 171 may remain essentially constant even if the

heatable shield is heated.

[0066] An wmner alignmoent pin 172 that may allow a moverent of the
heatable shield at the position of the mner alignment pin 172 in a direction

30 radially mwardly up to an end stop {e.g, provided by a wall of an alignment

3
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recess into which the mner alignment pin 172 protrudes) may be arranged, e.g.,
cenirally, between the two outer abignment pins 171, A heating of the heatable
shield may lead to a thermally caused movement of the heatable shield at the
position of the mner shgoment pin 172 radially mwardly, until the muer

5 abgnment pm 172 abuts at the end stop, and the heatable shield cannot move any
further. At the operation temperature, a first gap width at the position of the mner
alignment pm 172 may correspond to a second gap width at the posttion of the

two outer alignment pins 171, and may be m a range from 0.8 mm to 1.5 mm,
particularly about 1 mm. If the two outer alignment pins 171 are provided at end

10 portions of the heatable shield in the circumferential direction, the gap may then
be constant over the full exdension m the circumferential direction, ie. also at

positions between two alignment pins,

(0067} FIG 7 s a flow diagram for dlusirating a method for coating a

substrate according to embodiments described herein.

15 [00638] Inbox 701, asubstrate is moved past a vapor source on a curved drum

surface of a rotatable drum in a circumferential direction.

[0069] Inbox 702, vapor s divected from a vapor source toward the substrate
that is supported on the curved drum surface through a vapor propagation
volume. A heatable shield extends from the vapor source toward the curved drum
20 surface and at least partially surrounds the vapor propagation volume. The
heatable shield is heated to an operation temperature that is at or above the vapor
condensation temperature, m order to reduce or prevent vapor condensation on

the heatable shield.

[0070] Insome embodiments, the vapor source 18 a metal source, particularly
25 althwro source, and the vapor 1 ametal vapor, particularly a lithium vapor. The
operation temperature of the heatable shield may be 500°C or more and 600°C
or less, particularly between S00°C and 550°C. H the vapor source is a ithium
source, an evaporation temperature mside the vapor source may be 600°C or

more and R850°C or less.
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more patticularly a copper foil or a copper-cartying fol, e.g atol thatis coated
with copper on one or both sides thereof. The substrate may have a thickness of
50 um or less, particularly 20 pm or less, e.g about 8§ um. Specifically, the

substrate may be a thin copper foil having a thickness i a sub 20-pm range.

(0072} In some embodiments, the heatable shield mayv mclude an edge
exclusion portion. For example, a front portion of the heatable shield protruding
toward the substrate and arranged at a close distance thereto may be formed as
an edge exclusion mask In box 703, the edge exclusion portion of the heatable

shicld masks areas of the substrate not to be coated.

[0073] The edge exclusion portion may extend m the crcumferential
direction and follow a cuwrvature of the curved drum surface during vapor
deposition. The masking it box 703 may include masking at least one lateral

edge or two opposing lateral edges of the substrate.

[0074] The heatable shield may define a coating window on the curved drum
surface, e, a window where the vapor emitted by the plralty of nozzes of the
vapor source may impinge on the substrate while the substrate may move past

the vapor source.

[0075] The masking in box 703 may further include masking at least one
inner area of the substrate with a segmentation portion of the heatable shield that
extends between two edge exclusion portions. Two {or more) separate coating
strips can be deposited on the substrate. In particular, the heatable shield may
inchide a segmentation portion that extends in the circumferential direction and
divides the coating window provided by the heatable shield nto two or more
sub-windows. Each sub-window may have a width of 10 cm or more and 50 cm
or less. Two or more separate coating sirips with a defined width in the lateral
direction L may be deposited on the substrate through the two or more sub-

windows.

[0076] A maximum distance between the edge exclusion portion and the

curved drum surface may be 2 mun or less, particularly about 1 mm, when the
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heatable shield is heated to the operation temperature. In particular, a gap width
between the edge exclusion portion and the curved drurn surface may be
essentially constant in the circumferential direction, e.g. having an essentially

constant width between 0.8 mm and 1.5 nuyn, e.¢ about 1 mm (I mm +/- 15%).

(0077} Further, also the segmentation portion may follow the curvature of
the curved drum surface along the cwcumferential direction, and a maxmum
distance between the segmentation pottion and the curved drum surface may be
2 mam or less, particularly about 1 mm, when the heatable shield is heated to the
operation temperature. In particular, a gap width between the segmentation
portion and the curved drum swface may be essentially covstant in the
circumferential direction, e.g. having a width value of about T mm (1 mm +/-

15%).

[0078] FIG. 8 is a flow diagram for tlustrating a method for installing a

vapor deposition apparatus according to embodiments described herein.

[0079] The method mcludes, i box 801, providing a rotatable drum with a
curved drum surface for supporting a substrate and a vapor source for directing

vapor toward the curved drum surface.

[00B 0] The method further mchudes, m box 802, mounting a4 heatable shield
such that the heatable shield extends from the vapor source toward the curved
drum surface, wherein the heatable shield mclides an edge exclusion portion
extending along the curved drum surface n a ciwcumferential direction and
following a curvature thereof. In other words, a curvature of the edge exclision
portion may be adapted to the curvature of the coating drum, such that — when
the heatable shield is heated to the operation temperatuore — the curvature
progression  of the edge exclusion portion exactly follows a curvature
progression of the curved drum surface, providing a constant and small gap

between the curved drum surface and the edge exclusion portion.

{0081} The mounting in box 802 may nclude mounting the heatable shield

such that a thermally induced expansion of the heatable shield leads to a constant

distance between the edge exclusion portion and the curved drum surface along
26
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the circumferential direction, particularly to a distance i a range between
0.8 mm and 1.5 mam over the extension of the edge exclusion portion in the

circumferential direction.

{0082} Specifically, the mounting in box 802 may include mounting the
heatable shield such that, in an unheated state of the heatable shield, a first
distance between the edge exclusion portion and the curved drum surface n a
center section of the heatable shield s different from (e g, larger than} a second
distance between the edge exclusion portion and the curved drum surface in an
end section of the heatable shield i the crrcumferential direction, e.g by 1 mm
or more. The reason 5 that an end portion of the heatable shield w the
circumferential direction may move differently from a center portion of the
heatable shield when the heatable shield is heated and thermally expands.
Specifically, if the heatable shield s fixedly mounted w0 the radial direction at
two end portions i the circumferential ditection, the end portions may move
less toward the curved drum surface than the central portion when the heatable
shield thermally expands. The mounting of the heatable shield may be such that
a constant and very small gap between the edge exclusion portion of the heatable
shield and the curved drum surface can be achieved during vapor deposition,
when the heatable shield is heated to the operation temperature and has thermally

expanded.

[00B3] For exaruple, the first distance between the edge exclusion portion
and the curved drum surface in the center section of the heatable shield may be
2 mm of more, e.g about 2.3 mm in anunheated state, and/or the second distance
between the edge exclusion portion and the curved drum surface i an end
section of the heatable shield may be 1.5 mm or less, particudarly 1.2 mun or less
i an unheated state. After the heating of the heatable shield to the operation
temperature, the first distance and the second distance may be essentially the

sarue, e.g from 0.8 mm to 1.2 mm, particularly about T mim

[0084] In other words, the heatable shield 18 mounted such that the gap width
slightly varies in the circumferential direction, e.g. within a variation range of
0.5 mm or more and 2 mm or less, such that — when heated to the operation
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temperature — the gap width becomes essentially constant along  the
circumferential direction, providing an accurate edge exclusion of the subsirate

and a constantly shaped and sharp laver edge.

[0085] The heatable shield may be made of a metal material, e.g of stainiess
steel, and the above dimensions may be based on the thermal expansion
coetficient of stainless steel For example, stamless steel thermally expands by
about 0.88% i length when heated from room temperature {o an operation
temperature of about 550°C. As will be apparent, the thermal expansion of the
heatable shield may depend on the material of the heatable shield, and the
respective dimensions and the thermal expansion associated therewith can be
adapted based on the used material, such that a constant and small gap width can
be achieved between the rotatable drum and the edge exclusion portion during

the vapor deposttion, if a different matenal of the heatable shield is used.

[0086] Hmbodiments of the present disclosure provide a temperature-
conirolled coating chamber environment, for example, to reduce stray coating of
components inside the vacuum chamber different from the substrate.
Accordingly, advantagecusly improved substrate coating quality and yield i
addition to longer operation times between preventative maintenance cycles can

be provided.

[COBT] In some embodiments, the source material that 3 evaporated m a
crucible of the vapor source can include, for example, metal, in particular
ithiom, metal alloys, and other vaporizable materials or the like which have a
gaseous phase under given conditions. According to yet further embodiments,
additionally o alternatively, the material may mclide magnesium (Mg},
yiterbum {(Yb)} and Ithium fluoride (LiF). The evaporated material generated in
the crucible can enter a distributor. The distributor can, tor example, mclude a
channel or a tube which provides a transport system to distribute the evaporated
material along the width and/or the length of the deposttion apparatus. The

distributor  can have the design of a “shower head reactor”.
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[0088] According to embodiments which can be combined with other
embodiments describe herein, the evaporated material canmclude or can consist
of ithium, Yb, or LiF. According to embodiments which can be combined with
other embodiments described herein, the terperature of the evaporator and/or of
5 the nozdes can be atleast 600 °C, or particularly between 600 C° and 1000 C°,
or more particularly between 600 °C and 800 °C. According to embodiments
which can be combined with other embodiments described herein, the operation
temperature of the heatable shield canbe between 450°C and 600°C, particularly

between S00°C and 350°C with a deviation of +/ 10 °C or less.

10 [00B9] According to embodiments which can be combined with other
embodiments described herein, the temperature of the heatable shield is lower

than the terperature of the evaporator, e.¢ , by atleast 100 °C.

[0090] According to embodiments, which can be combined with other
embodiments described herem, the heatable shield is passively heated, e.g by
15 the side wall of the vapor source, for example by radiation. The heatable shield
can, for example, be heated by the radiant heat from the side wall of the vapor
source, n particular, of the distributor. The term “passively” can be understood
that the beatable shield is heated by other components of the vacuum deposition
apparatuses exclusively. The heatable shield can be, for example, configured 1o
20 absorb, to reflect and/or to shield the heat i particular the radiant heat of the
side wall of the vapor source. By lowering the heat directed towards the substrate
by the heatable shield, the substrate can be arranged closer to the evaporator

which enables a smaller and more compact design of the vacuum chamber.

(0091} Furthermore, by heating the heatable shield, the matenal which is
25  depostted on the surface of the heatable shield, for example, by stray coating can
be re-evaporated. The stray coated material on the heatable shield can be
advantageously removed by re-evaporation. Furthermore, by re-evaporating
material from the heatable shield, the coating on the substrate can also be made

more undorm.
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[0092] In some embodiments, the plurality of norzes mcludes three, four or
more rows of nozzles. Additionally or alternatively, an array or pattern of

openings and/or nozzles may be provided, wherein four or more openings and/or

T

5 {0093} A controller may be configured to actively control the temperature of
the heatable shield Actively controfling can include controlling the electrical
power supphied to a heating arrangement and/or caninclude controling the flow
rate of a heating liquid supplied to the heating arrangement. The controller can
be configured to measure the temperature within the vapor source and/or the

10 temperature of the heatable shield Furthermore, the controller cau also be
configured to measure the pressure within the vapor source upstream of the
plurality of nozzles, inside the vapor propagation volume downstream of the
plurality of nozzles and/or wnside another part of the vacuum chamber. Moreover,
the controller can be configured to control the evaporation rate within the

15 crucible and/or the distribution pipe and/or the deposition rate of the evaporated
material on the substrate. The respective parameters can be, for example, the
temperature, the rate, and pressure. The respective parameters can be, for

example, measured by sensors arranged at the respective components.

(00941 According to some embodiments, which can be combined with other
20 embodiments described herein, an anode of a battery is manufactured, and the
flexible substrate or web mncludes copper or consists of copper. According to
some mplementations, the web may further comprise graphite and slicon and/or
sticon oxide. For example, the Ithmm may pre-lithiate the layer including

graphtte and siicon and/or silicon oxde.
25 [0095] In particular, the following embodiments are described herein:

Embodiment 1. A vapor deposition apparatus, comprising. a substrate support
for supporting a substrate to be coated; a vapor source with a plurality of nozzles
for directing vapor toward the subsirate support through a vapor propagation
volurme; and a heatable shield extending from the vapor source toward the

n

30 substrate support and at least partially surrounding the vapor propagation
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volume, wherein the heatable shield comprises an edge exclusion portion for

masking areas of the substrate not to be coated.

Embodiment 2. The vapor deposition apparatus of embodiment 1, wherein the
substrate support 18 a rotatable drum with a curved drum surface, and the vapor
deposition apparatus is configured to move the substrate on the curved drum

surface past the vapor source in a circumterential direction.

Embodiment 3. The vapor deposition apparatus of embodiment 2, wherem the
edge exclusion portion extends along the curved drum surface m the

circumferential direction and follows a curvature thereof

Embodunent 4. The vapor deposition apparatus of embodinent 2 or 3, wheren

at least one of the following applies: (i) a maximum distance between the edge

exclusion portion and the curved drum surface is 2 mm or more and 6 mm or

less, when the heatable shield 18 not heated;, and (Y a maximum  distance
between the edge exclusion portion and the curved drum surface is less than
2 mm, particularly about 1 mm or less than 1 mm, when the heatable shield is

heated to an operation temperature.

Embodiment 5. The vapor deposition apparatus of any of embodiments 1 to 4,
comprising at least three aligoment pins spaced-apart from each other n the
circumferential direction and protruding into respective alignment recesses for
positioning the heatable shield at a predetermined radial distance from the
rotatable drum with a sub-mm deviation over an extension of the heatable shield

m the circumferential direction when the heatable shield is heated.

Embodinent 6. The vapor deposition apparatus of any of embodiments 1 to 5,
wherein the edge exclusion portion 18 configured to mask two opposing  lateral

edges of the subsirate.

Embodiment 7. The vapor deposition apparatus of any of embodiments 110 6,
wherein the heatable shield comprises a segmentation portion for masking an

nner substrate area for enabling a deposttion of two coating stiips.
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Embodiment 8. The vapor deposition apparatus of embodiment 7, wherein the
segmentation portion divides a coating window provided by the heatable shield
into two or more sub-windows having an essentially equal width m a lateral

direction.

Embodiment 9. The vapor deposition apparatus of any of embodiments 1 to §,
comprising a heating arrangement for actively or passively heating the heatable
shigld to a temperature above a vapor condensation temperature, particularly to

a temperature of 500°C or more and 600°C or less.

Embodiment 10. The vapor deposition apparatis of embodiment 9, further
comprising a controller connected to the heating arrangement and contigured to
control the temperature of the heatable shield to be lower than a teraperature
inside the vapor sowrce and higher than a vapor condensation temperature in the

vapor propagation volume.

Embodiment 11. The vapor deposttion apparatus of any of embodiments 1 to 10,
wherein the heatable shield is not in contact with the substrate support, such that
the substrate support can move relative to the heatable shield and the vapor

source during vapor deposttion,

Embodiment 12, The vapor deposition apparatus of any of ervbodiments 1 to 11,
wherein the heatable shield suwrrounds the vapor propagation volume at two
lateral sides and at atleast one of a substrate entrance side and at a substrate exit

aide.

Embodiment 13, A vapor deposition apparatus, comprising. a substrate support
for supporting a substrate to be coated, wheren the substrate support 18 a
rotatable drum with a3 curved drum surface; a vapor source with a pluraiity of
nozzles for directing vapor toward the curved drum surface through a vapor
propagation volurne; and a heatable shield extendng from the vapor source
toward the curved drum surface and at least partially surrounding the vapor
propagation volume, the heatable shield defining a coating window on the

curved drum surface.

32
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Embodiment 14, The vapor deposttion apparatus of embodiment 13, wherein the
heatable shield comprises an edge exclusion portion for masking areas of the
substrate not to be coated, the edge exclusion portion extending in a
circumferential direction of the rotatable drom and following a curvature of the

curved drum surface.

Embodiment 15 A method for coating a substrate m a vacuwmn chamber,
comprising. moving a substrate past a vapor source on a curved drum surface of
a rotatable drum in a circumferential direction; directing vapor from the vapor
source toward the substrate supported on the curved drum surface through a
vapor propagation volurne; and heating a heatable shield that extends from the
vapor source toward the curved drum surface and at least partially surrounds the

vapor propagation volume.

Embodiment 16, The method of embodiment 15, wheremn the heatable shield
defines a coating window on the curved drum surface and comprises an edge

exclusion portion that masks areas of the substrate not to be coated.

Embodiment 17 The method of embodinent 16, wheremn the edge exclusion
portion exiends m the crcumferential direction, following a curvature of the
curved drum surface and masking at least one lateral edge or two opposing lateral

edges of the substrate.

Embodiment 18, The method of embodiment 16 or 17, wherein a gap extending
i the crcumferential direction 13 provided between the edge exclusion portion
and the curved drum swface, the gap having an essentially constant gap width
between about 0.8 mm and about 1.5 mm when the heatable shield is heated to

an operation temperature, particularly a constant gap width of about 1 mm.

Embodiment 19, The method of any of embodiments 15 to 18, wherein the
heatable shield comprises a segmentation portion that extends w  the
circumferential direction and divides a coating window provided by the heatable
shield imnto two or more sub-windows, the method comprising: depositing two or
more separate coating strips on the substrate through the two or more sub-

windows.
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Embodiment 20, The method of embodiment 19, wheremn the segmentation
portion follows a curvature of the curved drum surface along the circumferential
direction, and a maximum distance between the segmentation portion and the
curved drom surface s 2 mm or less, particularly about | mm, when the heatable

shield s heated to an operation temperature.

Embodiment 21. The method of any of embodiments 15 to 20, wherein the vapor
source s a metal source, particularly a lthium source, and the vapor is a metal

vapor, particularly a lithium vapor.

Embodiment 22. The method of any of embodiments 15 to 21, wherein an
operation temperature of the heatable shield is between about 500°C and about
600°C, or wherewn an operation temperature mside the vapor source 18 between

about 600°C and 330°C.

Emwbodiment 23, The method of any of embodinents 15 to 22, wherein the
substrate is a flexible metal foil, particularly a copper foi, more particularly a

copper foil with a thickness of 20 pwm or less.

Embodiment 24. The method of any of embodiments 15 to 23, wherein vapor

impinging on the heatable shield is re-evaporated or reflected.

Embodiment 25 A method for coating a substrate m a vacuum chamber,
comprising: supporting a substrate on a substrate support, directing vapor from
a vapor source toward the substrate supported on the substrate support through
a vapor propagation volume; heating a heatable shield that at least partially
surrounds the vapor propagation volume for preventing or reducig vapor
condensation oo the heatable shield; and masking areas of the substrate not to be

coated with an edge exclusion portion of the heatable shield.

Emwbodiment 26, A method for instaling a vapor deposition apparatus,
comprising: providing a rofatable drum with a cwved drum swface for
supporting a substrate and a vapor source for directing vapor toward the curved
drum surface; and mounting a heatable shield such that the heatable shield

extends from the vapor source toward the curved drum surface and defines a

34
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coating window, wherein the heatable shield comprises an edge exclusion
portion extending along the curved drum surface m a crcumferential direction

and following a curvature thereof.

Embodiment 27. The method of embodiment 26, wherein the heatable shield
mounted such that a thermally induced expansion of the heatable shield leads to
an essentially constant distance between the edge exclusion portion and the
curved drum swface along the circumferential direction, partictdarly to a

distance n a range between 0.8 mm and 1.5 mm.

Embodment 28. The method of embodiment 26 or 27, wherein the heatable
shield is mounted such that, in an unheated state of the heatable shield, a first
distance between the edge exclusion portion and the curved drum surface ata
center section of the heatable shield s different from a second distance between
the edge exclusion portion and the curved drum surface at end sections of the
heatable shield m the circumferential direction by 0.5 mm or mwore and 2 mm or

less.

Embodiment 29 A method of manufacturing a coated substrate m a vapor
deposition apparatus of any of embodimments 1 to 14, comprising. supporting a
substrate on the substrate support of the vapor deposition apparatus; and
directing vapor from the vapor source of the vapor deposition apparatus toward

the subsirate for depositing one or more coating strips on the substrate.

{0096} While the foregomg s directed to emwbodiments, other and further
embodiments may be devised without departing from the basic scope, and the

scope is determined by the claims that follow.

3
(¥4

PCT/US2021/034611



WO 2021/247380

(V4]

10

15

-]
(¥

CLAIMS
I A vapor deposition  apparatus, comprising:
a substrate support for supporting a substrate to be coated;

a vapor source with a plurality of nozzles for directing vapor toward the

substrate support through a vapor propagation volume; and

a heatable shield extending from the vapor source toward the substrate
support and atleast partially surrounding the vapor propagation volurme, wherem
the heatable shield comprises an edge exclusion portion for masking areas of the

substrate not to be coated.

2. The vapor deposition apparatus of claim 1, wherein the subsirate support
is a rotatable drum with a curved drum surface, and the vapor deposition
apparatus 18 configured to move the substrate on the curved drum surface past

the vapor source in a circumferential direction.

3. The vapor deposition apparatus of claim 2, wherein the edge exclusion
portion extends along the curved drum surface n the circumferential direction

and follows a curvature thereof

4. The vapor deposition apparatus of claim 2, wherein at least one of the

tollowing apphes:

{1} a maximum distance between the edge exclusion portion and the

curved drum surfaceis 2 mm or more and 6 mum or less, when the heatable shield

i3 not heated; and

{1} a maxynum distance between the edge exclusion portion and the
curved drum surface s less than 2 ram, particularly about 1 mm or less thap

1 mm, when the heatable shield 15 heated to an operation temperature.

S. The vapor deposttion apparatus of claim 1, comprising at least three
alighment pins spaced-apart from each other in the circumferential direction and
protruding mto respective alignment recesses for posttioning  the heatable shield

36
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at a predetermined radial distance from the rotatable drum with a sub-mm
deviation over an extension of the heatable shield in the circumferential direction

when the heatable shield is heated.

6. The vapor deposttion apparatus of any of claims 1to 5, wherem the edge

5 exclusion portion s configured to mask two opposing lateral edges of the

substrate.
7. The vapor deposition apparatus of any of claims | to 5, wherem the

heatable shield comprises a segmentation portion for masking an wmner substrate

area for enabling a deposition of two coating sirips.

10 8 The vapor deposition apparatus of claim 7, wherein the segmentation
portion divides a coating window provided by the heatable shield nto two or

more sub-windows having an essentially equal width m a lateral direction.

9. The vapor deposition apparatus of any of claims 1 to 5, comprising a
heating arrangement for actively or passively heating the heatable shield toa
15 temperature above a vapor condensation temperature, particulatly to a

temperature of S00°C or more and 600°C or less.
10 The vapor deposiion apparatus of claim 9, further comprising:

a controller counected to the heating arrangement and configured to conirol the
terperature of the heatable shield 1o be lower than a temperature mside the vapor
20 source and higher than a vapor condensation temperature m the vapor

propagation volume.

11, The vapor depostion apparatus of any of claims 1 to S, wherein the
heatable shield is not in contact with the subsirate support, such that the substrate
support can move relative to the heatable shield and the vapor souwrce dusing

25 vapor deposition.

12, The vapor deposition apparatus of any of claims 1 to 5, wherein the
heatable shield surrounds the vapor propagation volume attwo lateral sides and
at at least one of a substrate entrance side and at a substrate exit side.

37
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i3 A vapor deposition  apparatus, comprising:

a substrate support for supporting a substrate to be coated, wheremn the

substrate support 5 a rotatable drum with a curved drum surface;

a vapor source with a plurality of nozzles for directing vapor toward the

S curved drum surface through a vapor propagation volume, and

a heatable shield extending from the vapor source toward the curved
drum surface and at least partially surrounding the vapor propagation volume,

the heatable shield defining a coating window on the curved drum surface.

14, The vapor deposttion apparatus of claim 13, wherein the heatable shield
16 comprises an edge exclusion portion for masking areas of the substrate not to be
coated, the edge exclusion portion extending in a circumferential direction of the

rotatable drum and following a curvature of the curved drum surface.
15 A method for coating a substrate m a vacuum charober, comprising:

moving a subsirate past a vapor source on a curved drum surface of a

1S rotatable drum i a circumferential divection;

directing vapor from the vapor source toward the substrate supported on

the curved drum surface through a vapor propagation volume, and

heating a heatable shield that extends from the vapor source toward the
curved drum surface and at least partially swrrounds the vapor propagation

26 volume.

16.  The method of claim 15, wherein the heatable shield defines a coating

window on the curved drum surface and comprises an edge exclusion portion

that masks areas of the substrate not to be coated.

17. The method of claim 16, wherem the edge exclusion portion extends in
25 the cwoumferential dwection, following a curvature of the curved dram surface
and masking at least one lateral edge or two opposing lateral edges of the

substrate.



WO 2021/247380 PCT/US2021/034611

18 The method of claim 16 or 17, wherem a gap extending w the
circumferential direction is provided between the edge exclusion portion and the
curved drum surface, the gap having an essentially constant gap width between
about 0.8 mun and about 1.5 mm when the heatable shield 18 heated to an

5 operation temperature, particularly a constant gap width of about 1 own.

19, The method of any of clauns 15 to 17, wherein the heatable shield
comprises a segmentation portion that extends in the circumferential direction
and divides a coating window provided by the heatable shield mto two or more

sub-windows, the method comprising:

10 depositing two or more separate coating strips on the substrate through the two

or more sub-windows.

20.  The method of any of claims 15 to 17, wherein the vapor source is a

ithism  source, and the vapor 3 a hthwam vapor,
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