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(57)  The present disclosure concerns an atomic lay-
er deposition device for area-selective deposition of a
target material layer onto a deposition area of a substrate
surface further comprising a non-deposition area. In use
the substrate is conveyed along a plurality of deposition
and separator spaces including at least two gas separa-
tor spaces provided with at least a separator gas inlet
and a separator drain for, in use exposing the substrate
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gas flow comprising a separator gas and inhibitor moie-
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non-deposition area to form an inhibition layer reducing
adsorption of precursor moieties. In a preferred embod-
iment the device includes a backetching space to in-
crease selectivity of the deposition process.
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Description
TECHNICAL FIELD AND BACKGROUND

[0001] The present disclosure relates to atomic layer
deposition (ALD) tools and methods. More specifically,
the present disclosure relates to area-selective deposi-
tion of atomic layers, in particular to high throughput dep-
osition tools and methods including spatial ALD.

[0002] Atomic layer deposition is known as a method
for depositing a monolayer or sub-monolayer of target
material. Atomic layer deposition differs from for example
chemical vapour deposition in that atomic layer deposi-
tion takes at least two process steps. A first one of these
process steps typically involves binding or chemisorption
of a precursor moiety onto the substrate surface. Al-
though known methods may deposit target layers with
good conformity, they lack an ability to provide spatial
control over deposition areas and as such are less suit-
able for area-selective deposition of target material layers
particularly in combination with large-scale or high-
throughput deposition methods. In ACS Nano 2017, 11,
9303-9311, A. Mameli et al., a so-called single-wafer
process is described that allows for selective deposition
of Si0, on GeO,, SiN,, SiO,, and WO4, in the presence
of Al,O5, TiO,, and HfO, surfaces using acetylacetone
as inhibitor, BDEAS (H,Si[N(C,H5)-1,) as precursor and
an O, plasma as co-reactant. The process relies on a
vessel type vacuum reactor in which a substrate is se-
guentially exposed to these three exposure steps. Be-
tween each exposure step the reactor is evacuated. Di-
rect integration of three exposure steps in known high-
throughput deposition tools such as spatial ALD is ex-
pected to lead to an increased use of process gasses.
The present disclosure aims to reduce these and/or other
disadvantages such as the elimination of long evacuation
(or purge) steps in conventional vacuum-based ALD.

SUMMARY

[0003] Aspects of the present disclosure relate to an
atomic layer deposition device for area-selective depo-
sition of a target material layer onto a deposition area of
a substrate surface further comprising a non-deposition
area. The device is provided with at least a process gas
injection head and a conveying system arranged to pro-
vide relative movement, including but not limited to linear
reciprocation androtation, between the substrate surface
and the process gas injection head in a direction along
the substrate surface to form a conveying plane along
which, in use, the substrate surface passes a plurality of
deposition and gas separator spaces defined between
the process gas injection head and the substrate surface.
During conveying the head and substrate surface are
preferably separated across a distance. The plurality of
deposition and separator spaces includes at least:

- a first deposition space provided with a precursor
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supply and a precursor drain for providing a precur-
sor gas flow from the precursor supply via the first
deposition space to the drain;

- asecond deposition space provided with a co-reac-
tant supply and a co-reactant drain for providing a
co-reactant gas flow from the co-reactant supply via
the second deposition space to the drain; and

- at least two separator spaces wherein each of the
atleasttwo separator spaces is provided with atleast
a separator gas inlet and a separator drain for pro-
viding a separator gas flow from the separator gas
inlet via the separator space to the drain.

[0004] A first gas separator space of the at least two
separator spaces is preferably positioned adjacent to the
first deposition space. A second gas separator space is
preferably positioned adjacent to the first deposition
space opposite the first gas separator space and adja-
cent to the second deposition space. The process gas
injection head is arranged to provide the first gas sepa-
rator space with a combined separator-inhibitor gas flow
comprising a separator gas and inhibitor moieties selec-
tively adhering to the non-deposition area.

[0005] It will be appreciated that the first and second
deposition spaces and the at least two separator spaces
in use may be interpreted as being bound (in horizontal
direction, see e.g. FIG 2) by the substrate surface and
the process gas injection head separated at a distance
from the substrate surface.

[0006] The deposition and separator spaces in use are
preferably arranged such that in use the substrate sur-
face is sequentially exposed to at least:

- acombined separator-inhibitor gas flow for adsorb-
ing inhibitor moieties to the pre-defined non-deposi-
tion areas of the substrate surface to formaninhibitor
layer;

- the precursor gas flow for adsorbing precursor moi-
eties to the pre-defined deposition area of the sub-
strate surface.

- asecondgas separatorgas flowtoreduce gas phase
intermixing of the precursor and co-reactant, to re-
duce intermixing of reactive moieties comprised in
the precursor and co-reactant gas flows; and

- the co-reactant gas flow to allow co-reactant moie-
ties comprised therein to react with adsorbed pre-
cursor moieties to form a first layer of target material
and to complete, what may be understood to be a
first atomic layer deposition process cycle.

[0007] By first exposing the substrate to inhibitor moi-
eties adsorption of precursor moieties to the non-depo-
sition area may be reduced, preferably prevented. The
provided device may be understood to be particularly
beneficial for high-throughput and/or large-area selective
layer deposition. It will be appreciated that presence of
additional separation and/or deposition spaces is not pre-
cluded. As will become clear herein, the head may be
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arranged to provide additional or a reduced number of
process flows.

BRIEF DESCRIPTION OF DRAWINGS

[0008] These and other features, aspects, and advan-
tages of the apparatus, systems and methods of the
present disclosure will become better understood from
the following description, appended claims, and accom-
panying drawing wherein:

FIGs 1A and B schematically illustrate a target ma-
terial layer selectively deposited on the pre-defined
deposition areas of a substrate;

FIG 2 schematically illustrates a cross-section side
view of an embodiment of an atomic layer deposition
device;

FIG 3 schematically illustrates a cross-section side
view of a further embodiment of an atomic layer dep-
osition device;

FIG 4 schematically illustrates a cross-section side
view of an embodiment of a process gas injection
head of an atomic layer deposition device;

FIG 5 schematically illustrates a cross-section side
view of an even further embodiment of an atomic
layer deposition device;

FIG 6 schematically illustrates a cross-section side
view of yet a further embodiment of an atomic layer
deposition device;

FIGs 7A and B schematically illustrate embodiments
of area-selective atomic layer deposition process cy-
cles;

FIGs 8A and B schematically illustrate further em-
bodiments of area selective atomic layer deposition
process cycles;

FIGs 9A schematically illustrates a cross-sectional
partial side view of yet an even further embodiment
of an atomic layer deposition device;

FIG 9B schematically illustrates various ALD proc-
ess conditions;

FIG 10A displays an observed time-dependent in-
crease in deposited layer thickness on deposition
and non-deposition areas per ALD process cycle;
FIG 10B displays a time trace of an observed in-
crease in deposited layer thickness per ALD process
cycle for a process including (back-)etching; and
FIG 11 displays observed atomic composition of a
substrate comprising deposition and non-deposition
areas exposed to an area selective material layer
deposition process.

DETAILED DESCRIPTION

[0009] Terminology used for describing particular em-
bodiments is not intended to be limiting of the invention.
As used herein, the singular forms "a", "an" and "the" are
intended to include the plural forms as well, unless the

context clearly indicates otherwise. The term "and/or" in-
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cludes any and all combinations of one or more of the
associated listed items. It will be understood that the
terms "comprises" and/or "comprising" specify the pres-
ence of stated features but do not preclude the presence
or addition of one or more other features. It will be further
understood that when a particular step of a method is
referred to as subsequent to another step, it can directly
follow said other step or one or more intermediate steps
may be carried out before carrying out the particular step,
unless specified otherwise. Likewise, it will be under-
stood thatwhen a connection between structures or com-
ponents is described, this connection may be established
directly or through intermediate structures or compo-
nents unless specified otherwise.

[0010] The invention is described more fully hereinaf-
ter with reference to the accompanying drawings, in
which embodiments of the invention are shown. In the
drawings, the absolute and relative sizes of systems,
components, layers, and regions may be exaggerated
for clarity. Embodiments may be described with refer-
ence to schematic and/or cross-section illustrations of
possibly idealized embodiments and intermediate struc-
tures of the invention. In the description and drawings,
like numbers refer to like elements throughout. Relative
terms as well as derivatives thereof should be construed
to refer to the orientation as then described or as shown
in the drawing under discussion. These relative terms
are for convenience of description and do not require that
the system be constructed or operated in a particular
orientation unless stated otherwise.

[0011] As used herein the term ’deposition area’ may
be understood to referto’growth area’. Likewise, the term
'non deposition area’ may be understood to refer to 'non
growth area’. FIGs 1A and B schematically illustrate a
target material layer L selectively deposited on the dep-
osition area 21 of a substrate 1 surface 11. Itis an aspect
of the present disclosure to provide a device suitable for
selectively depositing a layer of a target material on the
deposition area 21, e.g. a pre-defined deposition area,
of substrate surface 11. As schematically indicated the
material layer may be understood to be an atomic layer
deposited in an atomiclayer deposition process. Accord-
ingly the device and method according to the present
invention relate to atomic layer deposition (ALD) devices
and/or ALD methods.

[0012] The device and method according to the inven-
tion make use of a different physico-chemical affinity of
various moieties towards the deposition area 21 and non-
deposition area 31 on the substrate surface 11 to avoid
or at least reduce deposition of a target material layer L
on the non-deposition area 31.

[0013] Aslayersformedby ALD-processes may be un-
derstood to be a result of surface reactions it will be ap-
preciated that the non-deposition and deposition area
are typically formed of different materials and/or materi-
als with surface binding sites with different chemical re-
activity.

[0014] Inthe example as shownin FIG 1A (bottom) the
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layer L may be understood to be formed after completion
of three process cycles PC1, PC2, PC3, wherein each
layer is formed from a reaction between an adsorbed
precursor moiety 6', e.g. molecule, and a co-reactant
molecule 7, and whereby inhibitor moieties 5 preferen-
tially form a barrier layer, i.e. inhibition layer, of adsorbed
inhibitor moieties 5’ on the non-deposition area 31 are of
the substrate 1.

[0015] In the example a substrate 1 having spatially
separate non-deposition 31 and deposition areas is ex-
posed to first process step PC1. In the first process step
the substrate is exposed to an inhibitor gas flow IH com-
prising inhibitor moieties 5 for a time suitable to allow
formation of aninhibition layer onthe non-depositionarea
31. The inhibitor is selected to partake in a surface reac-
tion with sites at the surface of the non-deposition area
31 to form a layer thereon to limit other molecules, e.g.
precursor moieties, from reaching and/or reacting with
the surface. In the reaction by-products, e.g. ligands, may
be formed which preferably do not bind to the surface
and which are, if present, preferably removed from the
direct vicinity of the substrate along with any remaining
excess inhibitor moieties, e.g. by evacuating or purging
a reaction chamber. in following process steps PC2 and
PC3 the substrate is, in line with conventional ALD proc-
ess exposed to a process flow A comprising precursor
moieties and a process flow B comprising co-reactant
moieties. As a result of a reaction between an adsorbed
precursor and a co-reactant an atomic layer may be pref-
erentially formed resulting in an effectively preferential
deposition of the layer on the deposition area 21. The
thickness of the deposited layer may be increased with
by increasing the repeatedly exposing the substrate to
precursor and co-reactant flows, e.g. by repeating step
PC1, PC2, and PC3 and/or only PC2 PC3 if the inhibitor
layer is not affected by the steps described in PC2 and
PC3. Arate of layer formation at the non-deposition area
may remain limited at least so long as the blocking prop-
erties of the inhibition layer remain sufficient. As indicated
in the example inventors found that the blocking proper-
ties of the inhibition layer may degrade, particularly upon
with increasing number of exposure cycles, e.g. by tem-
perature-induced desorption of the inhibitor moieties
and/or by side-reactions, e.g. with the co-reactant.
[0016] A publication by A. Mameli et al, in ACS Nano
2017, 11, 9303-9311 describes a process for area-se-
lective ALD. Authors describe that this process allows
for selective deposition of SiO, on GeO,, SiN,,, SiO,, and
WO, in the presence of Al,O5, TiO,, and HfO, surfaces
using acetylacetone as inhibitor, BDEAS
{H,SiIN(C,H5)515) as precursor and an O, plasma as co-
reactant. The process relies on a vessel type vacuum
reactor in which a substrate is sequentially exposed to
three exposure steps. Between each exposure step the
reactor is evacuated/purged.

[0017] According to afirst aspect of the present disclo-
sure there is provided an atomic layer deposition device
for area-selective deposition of a target material layer
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onto a deposition area of a substrate surface further com-
prising a non-deposition area. The provided device may
be understood to be particularly beneficial for high
throughput and/or large-area layer deposition.

[0018] FIG 2 and 3 schematically illustrate partial
cross-section side views of embodiments of an atomic
layer deposition device 100 according to the first aspect.
In the figures a substrate 1 having a substrate surface
11 further comprising a plurality of deposition- 21 and
non-deposition areas 31 is separated at a distance D
from a process gas injection head 40 of the atomic layer
deposition device 100, further comprising at least a con-
veying system 60 for providing relative movement M be-
tweenthe substrate surface and the process gas injection
head. Between the process gas injection head 40 and
the substrate surface 11 there is provided: a first depo-
sition space 101, provided with a precursor supply 51
and a precursor drain x for providing a precursor gas flow
Afrom the precursor supply via the first deposition space
to the drain; a second deposition space 102 provided
with a co-reactant supply 52 and a co-reactant drain for
providing a co-reactant gas flow B from the co-reactant
supply via the second deposition space to the drain; and
separator spaces 105, 105a, 105b. The separator spaces
105, 105a, 105b are provided with a separator gas inlet
55 and a separator drain x for providing a separator gas
flow S from the separator gas inlet via the separator
space to the drain. The process gas injection head is
arranged to provide the first gas separator space 105a
with a combined separator-inhibitor gas flow C compris-
ing a separator gas flow and an inhibitor gas flow IH.
[0019] As,inuse, the substrate surface passes the first
gas separator space 105a the substrate is exposed to
inhibitor moieties comprised in the combined separator-
inhibitor gas flow C. As indicated, the inhibitor moieties
adhere (chemisorb) to the non-deposition area of the
substrate surface 11 to form an inhibitor layer 5’. Excess
inhibitor moieties are carried away to an adjacent drain
along with the combined separator-inhibitor gas flow C.
[0020] As, in use, the substrate passes the first depo-
sition space 101 the substrate is exposed to the precursor
gas flow A. The precursor moieties comprised in the pre-
cursor gas flow Aadhere (chemisorb) to available binding
sites on the substrate surface 11 to form an adsorbed
precursor layer 6. Excess precursor moieties 6 are car-
ried away to an adjacent drain along with the precursor
gas flow A.

[0021] As, in use, the substrate passes the second
deposition space 102 the substrate is exposed to the co-
reactant gas flow B. The co-reactant moieties 7 (not
shown) comprised therein react with the adsorbed pre-
cursor layer & to form a first layer of the target material
layer L. Excess co-reactantis carried away to an adjacent
drain along with the co-reactant gas flow B.

[0022] Itwillbe appreciated that presence of additional
separation and/or deposition spaces is not precluded. As
will become clear herein, the head may be arranged to
provide additional or a reduced number of process flows
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including but not limited to the omission removal or ad-
dition of separator gas flows S, as indicated in the figures
by grayed-out elements.

[0023] Inthe embodimentas shownin FIG 2 the spac-
es 101, 102, 105, 105a, 105b, are positioned such that
a sample being processed by the device is in order ex-
posed to a separator gas flow S, the combined separator-
inhibitor gas flow C, a further separator gas flow S, the
precursor gas flow A, a further separator gas flow S, and
the co-reactant gas flow B. The resulting exposures may
be referred to as to complete an exemplary first ALD proc-
ess cycle. FIG 7A schematically illustrates a process cy-
cle corresponding to an area-selective atomic layer dep-
osition method 200 in which a sample is exposed to a
combined separator-inhibitor gas flow C after being ex-
posed to a separator gas flow S and before being ex-
posed to a further separator gas flow S, the precursor
gas flow A, a yet further separator gas flow S and the co-
reactant gas flow B.

[0024] The separator gas flow S provided between re-
spective inhibitor, precursor and co-reactant exposures
are provided to prevent intermixing of reactive moieties
comprised the corresponding flows.

[0025] The embodiment as shown in FIG 3 and corre-
sponding method as schematically depicted in FIG 7B,
differs from the embodiment shown in FIG 2 in that the
separator space 105 between separator space 105a and
deposition space 101 is omitted. FIG 7B schematically
illustrates a process cycle corresponding to an area-se-
lective atomic layer deposition method 200 in which a
sample is exposed to a separator gas flow S before being
exposed to the combined separator-inhibitor gas flow C,
the precursor gas flow A, a further separator gas flow S
and the co-reactant gas flow B.

[0026] Arranging the deposition and separator spaces
as specified may allow the surface to sequentially pass
the first gas separator space 105a, the first deposition
space 101, the second gas separator space 105b, and
the second gas separator space 105b to complete an
atomic layer deposition process cycle PC.

[0027] As used herein the precursor gas flow A may
be understood to comprise precursor moieties 6 to par-
ticipate in a self-limiting reaction with reactive groups
(e.g. sites) on the surface of the substrate and/or of pre-
deposited layers thereon to form a precursor layer. Pref-
erably the precursor gas flow A also comprises an inert
carrier gas. The inert carrier gas may be used to carry
precursors through the system and/or to set a desired
precursor concentration at the first deposition space 101.
In a preferred embodiment, the precursor gas flow Acom-
prises a mixture of precursor moieties and preferably an
inert carrier gas to form a target material layer L formed
of a mixture of constituents, e.g. a target material layer
L comprising a mixture of metal elements in a pre-deter-
mined ratio.

[0028] The separator gas flow S is typically formed of
inert gas species, similar to, preferably the same as, the
carrier gas species comprised in the precursor and/or
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co-reactant gas flows A and B, respectively.

[0029] As specified, the combined separator-inhibitor
gas flow C comprises a separator gas and inhibitor moi-
eties 5. The inhibitor is selected to preferentially ad-
here/bind to the non-growth area, preferably exclusively
adheres/binds to available adsorption sites of the mate-
rial of the non-deposition area to form aninhibitor layer 5.
[0030] Theinhibitorlayer preferably completely covers
all available sites of the non-deposition area 31 to form
an inhibitor layer covering all available binding sites of
the non-deposition area. The inhibitor reaction with sur-
face sites at the non-deposition area 31 is preferably a
self-limiting reaction, e.g. a reaction leading to the for-
mation of a dense, fully covering monolayer. Alternative-
ly, the inhibitor moieties may partake in a reaction with
in which the inhibitor layer thickness increases with con-
tact time and/or concentration, e.g. a surface-bound po-
lymerization type reaction.

[0031] By forming an inhibitor layer 5’ may reduce,
preferably avoid, further adhesion of moieties, including
but not limited to precursor moieties. Such specific ad-
herence may advantageously be achieved for substrates
wherein the growth and non-growth areas are formed of
different materials and/or materials with surface sites with
different affinity (i.e. reactivity towards the inhibitor moi-
eties).

[0032] By combining inhibitor moieties (e.g. molecules
and/or reactive plasma species) into a separator gas flow
the first gas separator space 105a may be understood
to form a combined separator-inhibitor-deposition space.
Compared to an atomic layer deposition device 100
wherein the an inhibitor flow is provided from a dedicated
outlet, e.g. in a dedicated deposition space, the device
providing a combined gas-separator-inhibitor flow C may
be faster, cheaper and/or more efficient to operate. For
example, integrating inhibitor moieties into a separator
flow may reduce (eliminate) a need for dedicated sepa-
rator gas flow thus reducing the amount of inert carrier
gas used during the deposition process. Further, inte-
grating inhibitor moieties into a separator flow may re-
duce a dimension, e.g. dimension along a processing
direction, of the head 40 and/or reduce a footprint of the
atomic layer deposition device 100. Advantageously, this
may reduce dwell time of a substrate 1, thus facilitating
operation with a comparatively improved process speed,
e.g. in a continuous reel-to-reel process, and or allow for
inclusion of a further processing unit in a device with a
given footprint.

[0033] The co-reactant gas flow comprises one or
more co-reactants, preferably carried by an inert carrier
gas, to participate in a self-limiting reaction with precursor
moieties within the precursor layer to form a first layer of
the target material. Optionally, the co-reactant gas flow
comprises a mixture of co-reactant moieties and prefer-
ably an inert carrier gas to form a target material layer
formed of a mixture of constituents, e.g. a target material
layer comprising metal elements bound to a mixture of
heteroatoms, e.g. O and N, in a pre-determined ratio.
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[0034] In general terms, inventors found that the se-
lection of what inhibitor would work on which surface is
mostly dictated by surface acidity and basicity as well as
basic/acid character of the inhibitor. For details, refer-
ence is made to a publication by A. Mameli et al. in ACS
Nano 2017, 11,9303-9311, which is hereby incorporated
by reference. In the case of oxidic surfaces, inventors
find interaction between a surface and a potential inhib-
itor molecule is determined by their chemical affinity,
which can be derived from the electronegativity of the
cation in the oxide (as defined e.g. by Linus Pauling) and
the polarizability of the X-Y bonds, typically built in the
inhibitor molecule’s ligand groups. This can be translated
in the elements’ or compounds’ Bronsted acidity (proton
attraction- or repulsion-based) or Lewis acidity (electron
attraction- or repulsion-based). Inventors found that the
following classes of inhibitors may selected: Ketones,
e.g. acetone, acetophenone, methyl propyl ketone, etc;
Beta-diketones, preferably 1-2, diketones such as
diacetyl, acetylacetone, hexafluoroacetyl-acetone, etc;
Primary, secondary, and tertiary alcohols, but preferably
tertiary alcohols; Carboxylic acids such as ethylbutyric
acid, and trimethylacetic acid; Primary, secondary, and
tertiary amines such as methylamine, dimethylamine,
and trimethylamine; Diamines such as ethane diamine,
and small alkyl chain (C, with 1<n<6) thiols such as
ethane dithiol.

[0035] Preferablethe co-reactantmoieties 7 are dosed
tothe substrate surface as plasma species. Forexample,
an oxygen-, nitrogen-, or hydrogen plasma, or mixtures
thereof.

[0036] Plasmamoietiesare knowntobe highly reactive
and accordingly provision of plasma moieties may allow
more efficient operation of the deposition tool and proc-
ess. Associated benefits include but are not limited to:
operation at lower temperature e.g. in a range between
10 °C and 150 °C, e.g. between 20 °C and 100 °C; op-
eration at lower co-reactant concentrations; operation
using shorter process time; e.g. faster relative motion
and/or smaller deposition spaces, which may resultin a
higher reaction rate at a given combination of tempera-
ture and concentration.

[0037] Accordingly in a preferred embodiment the de-
vice comprises a plasma generator. The plasma gener-
ator is preferably a remote plasma generator allowing
plasma moieties to be remotely generated plasma moi-
eties, e.g. at a location within the process gas injection
head 40, to be transported with an inert carrier gas to the
deposition space. For example, the plasma generator
may be arranged to act on the co-reactant gas flow B at
an upstream position of the second deposition space
102. Reference is made to WO02015199539 which is
hereby incorporated by reference.

[0038] By transporting remotely generated plasma
moieties to the deposition space the ALD reaction may
be performed effectively without directly exposing the
substrate surface and layers comprised thereon to pos-
sible damaging plasma generating conditions, including
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locally exposing the substrate to high temperatures
and/or plasma discharges.

[0039] Further plasma species are comparatively
short-lived. Use of short-lived plasma species may re-
duce a risk of undesired gas-phase reactions, e.g. with
amoieties originating from an adjacent deposition space.
[0040] Insome embodiments the co-reactant moieties
dot notinclude plasma species, i.e. are formed of molec-
ular co-reactant moieties.

[0041] Molecular co-reactant moieties typically have a
lower reactivity. Inventors believe that the high reactivity
of plasma species may result in adecomposition reaction
with adsorbed inhibitor species at non-deposition areas
31. Reaction with plasma species may cause a gradual
loss of inhibition function of the adsorbed inhibitor spe-
cies e.g. upon repeated exposed of the substrate surface
11 to a plasma flow. As the atomic layer deposition device
100 allows exposing the substrate surface 11 to a com-
bined gas-separator-inhibitor flow C such loss of inhibit-
ing function may be mitigated.

[0042] In a preferred embodiment the process gas in-
jection head may be understoodtobe arranged to expose
the substrate surface 11 to an atomic layer deposition
process cycle including: an exposure to the combined
gas-separator-inhibitor flow, followed by an exposure to
the precursor gas flow, followed by an exposure to a sep-
arator gas flow, followed by an exposure to a co-reactant
gas flow.

[0043] It will be appreciated that devices and/or meth-
ods, e.g. process cycles are not to be construed to be
limited to preclude inclusion of additional process steps
or components nor to any specific order, unless other-
wise specified. The device and/ormethods may comprise
altemate or additional components or steps which may
be included before, after or in between specified compo-
nents and/or process steps as will be exemplified and
clarified herein below. Optionally, the head may be ar-
ranged to perform the steps in the exact order as spec-
ified, i.e. without additional exposures between specified
steps.

[0044] In a particular embodiment, e.g. as shown in
FIG 3, the combined separator-inhibitor gas flow C is
directly followed by the precursor gas flow A, i.e. without
a separator gas flow S reducing intermixing of the pre-
cursor gas flow A and combined separator-inhibitor gas
flow C.

[0045] Inanother particular embodimente.g. as shown
in FIG 2, a third separator space 105 may be provided.
Assuch, the headis ormay be understood to be arranged
to expose the substrate surface 11 to an atomic layer
deposition process cycle formed of. an exposure to a
separator gas flow S; followed by an exposure to the
combined gas-separator-inhibitor flow C, followed by an
exposure to a further separator gas flow S, followed by
an exposure to the precursor gas flow A, followed by an
exposure to a further separator gas flow S, followed by
an exposure to a co-reactant gas or plasma flow B, e.g.
as schematically shown in FIG 7A which will be detailed
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on later.

[0046] In embodiments arranged to allow intermixing
of the precursor gas flow A and the combined separator-
inhibitor gas flow C, e.g. as in FIG 3, the inhibitor moi-
et(y)(ies) and the (one or more) precursor moiet(y)(ies)
comprised therein are preferably selected to be mutually
compatible. Mutually compatible may be understood to
include mutually stable compounds, e.g. in a physico-
chemical sense. Compounds which are mutually stable,
e.g. in a physico-chemical sense, may be understood to
not undergo gas-phase (i.e. homogeneous) reactions or
heterogeneous reactions with the surface, i.e. they es-
sentially do not react with each other or at least compar-
atively slowly in time scale of the exposure. For example,
the inhibitor and precursor do not (or comparatively slow-
ly in time scale of the exposure) react with each other.
Atleast notin such a way that any non-gaseous reaction
products are formed. Non-gaseous reaction products
may contaminate the substrate surface 11, and/orin/out-
lets of deposition spaces, separator spaces, and/or
drains. In other words, in the gas phase the inhibitor and
the precursor preferably do not (chemically) react. A re-
action between the inhibitor and the precursor may be
tolerated if the reaction products may be carried away
from the substrate in the exhaust, e.g. gaseous and/or
vapor phase reaction products.

[0047] Inventors found that mixing of precursor and in-
hibitor may proceed in a non-harmful way, i.e. mixing
may be acceptable for processes wherein the inhibitor
may comprise structural similarities to the precursor moi-
eties, e.g. to one or more of the ligands comprised there-
in. For example, dimethylamine may be used as inhibitor
in combination with tetrakis(dimethylamido)titanium as
titanium precursor moiety. In more general terms all pri-
mary, secondary and tertiary amines as well as diamines
(for example ethylenediamine) may be suitable as inhib-
itors provided they all behave as inhibitor, i.e. provided
they preferentially bind the non-deposition area 31 of the
substrate surface 11.

[0048] A more broad range of inhibitors may be select-
ed in processes that use precursors moieties which are
comparatively unreactive. E.g. notreactive with H,0O and
O, at relatively low temperatures (<350 °C). Inventors
found that comparatively unreactive precursors (unreac-
tive towards H,O and O, at temperatures below 350 °C)
also do not react with common inhibitor moieties. Exam-
ples of comparatively unreactive precursors include are
all amino-based silicon precursors, e.g. bisdiethylami-
nosilane (BDEAS), bis(tertiary-butyl-amino)silane (BT-
BAS), di(sec-butylamino)silane (DSBAS). Conversely,
inhibitors that effectively react with the precursor may or
will lead to presence of CVD-type reactions (chemical
vapor deposition) along with undesired, e.g. uncon-
trolled, deposition of organic/inorganic hybrid reaction
products.

[0049] it willbe appreciated thatthe deposition spaces
are, in use, defined between a face of the (moving) sub-
strate and a face of the process gas injection head 40.
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In other words, in use, the substrate surface 11 is sepa-
rated at a distance D from an opposing face (e.g. bottom
face) of the process gas injection head. Inventors found
that the separation distances D are preferably within a
range between 0.1 and 100 wm, preferably between 0.1
and 10 pm, e.g. 1 or 5 pm, whereby smaller separations
reduce a likelihood of intermixing of reactive moieties
and/or increases a likelihood of reactive plasma moieties
reaching the substrate surface 11 for a desired reaction.
Further larger separations are believed toincrease a vol-
ume of required processes gasses, €.g. separator gas
flows (S).

[0050] Ina preferred embodiment, the device, e.g. the
conveying system and/or head, is arranged for repeat-
edly providing relative movement M between the sub-
strate surface and the process gas injection head. By
repeatedly passing (exposing) the substrate surface to
the specified deposition and separation spaces the sub-
strate surface may be exposed to a correspondingly in-
creasing number of atomic layer deposition process cy-
cles. By tuning the number of cycles the thickness of the
deposited target layer may be tuned. Preferably the sys-
tem, e.g. the conveying system 60, is arranged to move
(pass) substrate 1 along the deposition and separator
spaces along a single direction such that upon each pass
the substrate surface 11 passes the deposition and sep-
arator spaces in the same sequence as in a preceding
pass.

[0051] In some embodiments, the conveying system
60 may be arranged to facilitate repeatedly exposing the
substrate surface 11 to an atomic layer deposition proc-
ess cycle PC. For example, the conveying system 60
may comprise a drum or conveying belt arranged to re-
peatedly pass a substrate 1 along the deposition and
separator spaces.

[0052] Alternatively orin addition, the deposition spac-
es and separator spaces are arranged along a portion of
an arc. Accordingly, in a preferred embodiment the proc-
ess gas injection head is arranged as a drum, e.g. a ro-
tating drum.

[0053] Alternatively or in addition the system , e.g. the
conveying system 60 and/or the process gas injection
head 40, may be arranged provide relative motion be-
tween a substrate and the process gas injection head in
a back-and-forth type motion. Back-and forth motion
along the process gas injection head may advantageous-
ly speed up the layer deposition process.

[0054] Withoutwishing to be bound by theory inventors
believe that a pass of a substrate along co-reactant gas
flow B comprising a plasma may result in a partial de-
composition on the inhibitor layer at the non-deposition
area 31. By such so-called plasma chemistry a plasma,
e.g. an O, plasma can burn (partially or completely) the
carbonaceous inhibitor compounds off the surface by
combustion-like reactions. Similarly an H, plasma can
react with carbonaceous moieties to form reaction spe-
cies such as CH,, CH,, NH, and the like. Inventors found
that in embodiments wherein upon each pass the sub-
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strate surface 11 passes the deposition and separator
spaces in the same sequence as in a preceding pass this
may pose little problems as the partially decomposed
inhibitor layer may be restored upon passing the com-
bined separator-inhibitor gas flow C during a subsequent
pass.

[0055] In embodiments wherein relative motion be-
tween a substrate and the process gas injection head is
provided in a back-and-forth type motion, a (partial) layer
of the target material may be deposited on the non-dep-
osition area 31 of the substrate surface 11 as during a
backward motion the inhibitor layer 5’ protecting the non-
deposition area 31 may be partially degraded as it passes
a precursor gas flow A. Accordingly, embodiments ar-
ranged to provide a relative back-and-forth type transla-
tion between substrate and process gas injection head
40 preferably use a co-reactant gas flow B with less re-
active co-reactant moieties, e.g. in non-plasma form. Al-
ternatively or in addition, the device may be arranged to
divert a plasma flow and/or temporality deactivate the
plasma generator during a backward translation motion.
Further alternatively, there may be provided an additional
inhibitor flow, e.g. an additional combined gas-separator-
inhibitor flow C, at a position such that the substrate sur-
face 11 is also upon backward translation exposed to
inhibitor moieties to restore the inhibitor layer 5’ following
a plasma exposure. An exemplary atomic layer deposi-
tion process cycle PC may be provided using a process
gas injection head 40 arranged to in order of a forward
translation direction expose the substrate surface 11 to:
separator gas flow S; followed by a combined separator-
inhibitor flow C; followed by a precursor gas flow A, fol-
lowed by a second combined separator-inhibitor flow C;
and followed by a co-reactant flow B.

[0056] It will be appreciated that generally the deposi-
tion spaces and/or separator spaces are spatially sepa-
rated from an adjacent deposition space and/or separator
space over a distance less than 25 mm, preferably less,
e.g. 20 mm or less e.g. in an range between 5 and 10
mm. Accordingly, in some embodiments a combined di-
mension of the process gas injection head 40 along the
direction of relative movement M is below 100 mm, pref-
erably less, e.g. 50 mm, or less, e.g. in a range between
40 and 20 mm. Providing the first gas separator space
105a with a combined gas-separator-inhibitor flow C ad-
vantageously allows reducing a lateral dimension of the
process gas injection head 40 compared to a process
gas injection head 40 with a dedicated inhibitor space.
Having a comparatively smaller process gas injection
head 40, e.g. atomic layer deposition device 100 advan-
tageously allows for faster processing speeds. Smaller
devices may be particularly beneficial for high-through-
putand/or reel-to-reel processes. Reducing a separation
distance between adjacent spaces is further believed to
improve a quality of the deposited target material layer
L as a shorter distance, i.e. shorter time, between adja-
cent spaces reduces a risk of contamination and/or par-
tial degradation of formed layers.
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[0057] FIG 4 schematically illustrates a cross-section
side view of an embodiment, aprocess gas injection head
40 of an atomic layer deposition device. Together with
the process gas injection head 40 there is indicated a
substrate 1 position. Between a bottom face of the proc-
ess gas injection head 40 and the substrate there are
indicated the first deposition space 101, the second dep-
osition space 102, and the separator spaces 105, to in
use, respectively expose the substrate surface 11 to the
precursor gas flow A, the co-reactant gas flow B, and
separator gas flow S as well as the combined separator-
inhibitor gas flow C. In a preferred embodiment, e.g. as
shown, the process gas injection head is formed of an
assembly of a plurality of injectors arranged adjacent to
each other. The plurality of injectors jointly defining the
gas separation, and deposition spaces.

[0058] Accordingly, in a preferred embodiment, the
plurality of injectors comprises: a precursor gas flow in-
jector 41 forming the precursor supply 51 of first deposi-
tion space 101; a co-reactant injector 42 forming the co-
reactant supply 52 of the second deposition space 102;
and at least two gas separator injectors 45 respectively
forming the separator gas inlet 55 of the separator spac-
es.

[0059] It will be appreciated that the gas separator in-
jector forming the inlet of the gas separator space pro-
viding the combined gas-separator-inhibitor flow may be
understood to be combined gas-separator-inhibitor flow
injector. Accordingly in one embodiment, the combined
gas-separator-inhibitor flow injector is provided with sep-
arate inlets for a separator gas flow and an inlet for in-
hibitor gas flow. In another or further embodiment, the
combined gas-separator-inhibitor flow injector (43) may
be provided with a single inlet for a pre-mixed flow of
inhibitor and separator gas.

[0060] Advantageously the injectors form separate
modules which may be combined, e.g. positioned adja-
cently to each other, to form the process gas injection
head 40. Forming the process gas injection head 40 from
modular injectors allows an operator to assemble an
atomic layer deposition device 100 comprising a pur-
posely arranged set of injectors. Accordingly, an atomic
layer deposition device 100 may be formed that is pro-
vided with additional deposition or separator spaces. Fur-
ther the process gas injection head (40) may be provided
with additional separators and/or gas bearings.

[0061] In accordance with a system comprising a pre-
assembled, i.e. non-devisable, process gas injection
head 40 the deposition and separation spaces are, in
use, defined between the surface of the (moving) sub-
strate and a face of the respective injectors.

[0062] In a preferred embodiment, the injectors com-
prised in the head have a maximum dimension in a di-
rection along the movement direction of 5 mm, preferably
3 mm or less, e.g. in a range between 1 and 2 mm.
[0063] In preferred embodiments, the gas separator
flow, inuse, atleast contributes to separating the process
gas injection head 40 and the substrate surface 11. In
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some preferred embodiments the combined flow from
the separation spaces and deposition spaces essentially
maintain a separation distance between substrate and
process gas injection head. Accordingly, in some em-
bodiments the process gas injection head may be under-
stood to be a floating head. Alternatively, the device be
arranged to process a floating substrate. In some em-
bodiments, the device comprises one or more additional
gas bearings. In some embodiments, the flows in the
separation spaces and/or deposition spaces are part of
a gas bearing.

[0064] It will be appreciated that injectors 41, 42 re-
spectively comprise, the precursor supply 51, co-reac-
tant or plasma supply 52 facing substrate surface 11.
The precursor gas flow injector 41 and/or co-reactantgas
injector 42 are preferably recessed relative to the sepa-
rator gas inlet, and/or combined gas-separator-inhibitor
inlet (e.g. the face of the gas separator injector). in other
words, the apertures from which precursor gas flow A
and/or co-reactant gas flow B are provided to the respec-
tive deposition spaces are at a comparatively more dis-
tant position from the conveying plane relative to the ap-
ertures for the separator gas flow S and/or combined
gas-separator-inhibitor flow C such as to define compar-
atively larger deposition spaces. Exposing the substrate
surface to a separator gas flow S from a comparatively
more close position may reduce a required volume of
separator gas required to attain a desired reduction of
intermixing of reactive species.

[0065] In a preferred embodiment, the atomic layer
deposition device comprising a plurality of the deposition
and separator spaces as described herein. For example,
with reference to FIGs 2, 3, the separator space 105,
depicted on the far right of the figure depicted in a lighter
graytone (reduced saturation) may be interpreted as a
fistspace of a subsequent set of separatorand deposition
spaces the substrate will be exposed to on further relative
movement M. A device comprising a plurality of the dep-
osition and separator spaces as described herein, e.g.
an atomic layer deposition device 100 comprising a plu-
rality of process gas injection heads 40 or a device with
a process gas injection head comprising a multitude of
the deposition and separator spaces as specified herein,
advantageously allows deposition of a plurality of target
material layers upon each single pass of the substrate.
Thus enabling faster processing, increasing throughput
and/or reducing process time.

[0066] In cother or further preferred embodiments, the
atomic layer deposition device comprises one or more
adjacent spaces sharing a drain. By sharing a common
drain an overall dimension of the device may be further
reduced.

[0067] For example, in some embodiments the first
deposition space shares a drain with an adjacent sepa-
rator space. In other or further embodiments, the second
deposition space shares a drain with an adjacent sepa-
rator space. In a preferred embodiment, all adjacent
spaces share a drain, e.g. as shown. In embodiments

10

15

20

25

30

35

40

45

50

55

wherein the process gas injection head 40 is formed of
a plurality of adjacent injectors the injectors may be pro-
vided with separate drains, e.g. drain elements, posi-
tioned between adjacentinjectors. Alternatively, injectors
may be include a drain, e.g. on one side, such that an
adjacent injector, e.g. in a plurality of laterally stacked
injectors, may share said drain. Said drains may be fluidly
connected to a pump to facilitate egress of the respective
process flows from the separation and/or deposition
spaces. Alternatively, the spaces may be keptat an over-
pressure relative to the drains. In some embodiments,
adjacent injectors are assembled at a lateral distance
across a spacer to define a drain, e.g. egress channel.
[0068] Inanother or further preferred embodiment, the
atomic layer deposition device 100 is arranged such that
the device may be operated such that a pressure of one
or more, preferably all, of the precursor gas flow A, the
co-reactant gas flow B, the separator gas flow (S) flow,
and combined separator-inhibitor gas flow (C) are at a
pressure p which is within one order of magnitude around
an ambient pressure (p,,)- Operating the device at a
pressure around ambient pressure (0.1-p < Pamb < 10-p)
allows use of the device in a continuous process flow,
e.g. a reel-to-reel process flow, without a need for pro-
viding vacuum seals. In a preferred embodiment, a pres-
sure at a downstream position along the drain x, e.g.
downstream from an egress aperture in the process gas
injection head 40, is comparatively low (i.e. lower than a
pressure in the separator and deposition spaces), pref-
erably by a factor of at least 2 or more, e.g. 10 or 100 or
even 1000 or more.

[0069] In a preferred embodiment, e.g. as shown in
FIG 5, the atomic layer deposition device comprises a
separator space 105¢, provided between the first sepa-
rator space 105a and the first deposition space 101. Al-
though the device appears very similar to the embodi-
ment as schematically depictedin FIG 3, the embodiment
of FIG 5 differs therefrom in that the order in which the
substrate surface is exposed to the separator gas flow S
and combined separator-inhibitor gas flow Cis reversed.
The embodiment of FIG 5 may be specified as an atomic
layer deposition device 100 for area-selective deposition
of a target material layer L onto a deposition area 21 of
a substrate surface 11 further comprising a non-deposi-
tion area 31, the device provided with at least a process
gas injection head 40 and a conveying system 60 ar-
ranged to provide relative movement M between the sub-
strate surface and the process gas injection head sepa-
rated at a distance D therefrom in a direction along the
substrate surface to form a conveying plane along which,
in use, the substrate surface passes a plurality of depo-
sition and separator spaces defined between the process
gas injection head 40 and the substrate surface 11; the
plurality of deposition and separator spaces including at
least: first deposition space 101 provided with a precursor
supply 51 and a precursor drain for providing a precursor
gas flow A from the precursor supply via the first depo-
sition space to the drain; and a second deposition space
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102 provided with a co-reactant supply 52 and a co-re-
actant drain for providing a co-reactant gas flow B from
the co-reactant supply via the second deposition space
to the drain; and at least three separator spaces 105,
105a, 105b, wherein each of the at least three separator
spaces is provided with at least a separator gas inlet 55
and a separator drain for providing a separator gas flow
S from the separator gas inlet via the separator space to
the drain; wherein a first gas separator space 105a of
the atleast three separator spaces is positioned adjacent
to a third separator space 105 and wherein the first dep-
osition space 101 is positioned adjacent to the third sep-
aration space opposite the first separator space 105a
and wherein a second gas separator space 105b is po-
sitioned adjacent to the first deposition space 101 oppo-
site the third gas separator space 105 and adjacent to
the second deposition space 102 and wherein the proc-
ess gas injection head is arranged to provide the first gas
separator space 105a with a combined separator-inhib-
itor gas flow C comprising a separator gas and inhibitor
moieties 5 selectively adhering to the non-deposition ar-
ea.

[0070] In a particular embodiment the combined sep-
arator-inhibitor gas flow C is directly followed by a sep-
arator flow, i.e. with a separator gas flow S reducing in-
termixing of the precursor gas flow A and combined sep-
arator-inhibitor gas flow C. As such the head is or may
be understood to be arranged to expose the substrate
surface 11 to an atomic layer deposition process cycle
PC formed of. an exposure to the combined gas-sepa-
rator-inhibitor flow C, followed by an exposure to a first
separator gas flow S, followed by an exposure to the
precursor gas flow A, followed by an exposure to a sec-
ond separator gas flow S, followed by an exposure to a
co-reactant gas or plasma flow B, e.g. as depicted in FIG
5.

[0071] FIG 8A schematicallyillustrates a process cycle
corresponding to an area selective atomic layer deposi-
tion method 200 in which a sample is exposed to a com-
bined separator-inhibitor gas flow C before being ex-
posed to a separator gas flow S, the precursor gas flow
A, afurther separator gas flow S and the co-reactant gas
flow B.

[0072] By providing a device arranged to supply a sep-
arator gas flow S between the combined separator-in-
hibitor gas flow C and the precursor gas flow A mixing of
inhibitor moieties 5 and precursor moieties 6 may be
avoided, thereby avoiding possible adverse side-reac-
tions. However, devices arranged such that a combined
gas-separator-inhibitor flow C directly follows a co-reac-
tant gas or plasma flow B of a preceding atomic layer
deposition process cycle PC may be understood to be
prone to intermixing of inhibitor and co-reactant moieties.
Similarly to mixing of inhibitor moieties and precursor
moieties 6 mixing of inhibitor and co-reactant moieties
may lead to adverse side reactions. Inventors found that
mixing of co-reactant and inhibitor may proceed in a non-
harmful way, i.e. mixing may be acceptable for processes
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wherein the (one or more) inhibitor moiet(y)(ies) and the
(one or more) co-reactant gas or plasma moiet(y)(ies)
are mutually compatible. Mutually compatible may be un-
derstood to include mutually stable. For example, the in-
hibitor and co-reactant gas or plasma do not (or compar-
atively slowly in time scale of process) react with each
other. Inventors found that in embodiments wherein the
co-reactant is a plasma, undesired gas phase reactions
with the inhibitor may advantageously be absent alto-
gether. Inventors believe this may be explained by the
short-lived nature of the highly reactive plasma species.
In embodiments wherein the co-reactant gas or plasma
flow B does not comprise plasma species formation of
non-gaseous reaction products, e.g. formed from molec-
ular co-reactant moieties, is preferably avoided. Non-
gaseous reaction products may contaminate the sub-
strate surface 11, and/or infoutlets of deposition spaces,
separator spaces, and/or drains. Formation of gaseous
or vapor phase reaction products may be tolerated as
such products may be carried away from the substrate
1 in the exhausts (drains). In other words, in the gas
phase the inhibitor and the co-reactant preferably do not
(chemically) react. A reaction between the inhibitor and
the co-reactant may be tolerated if reaction products may
be carried away from the substrate in the exhaust, e.g.
gaseous and/or vapor phase reaction products.

[0073] Devices and/or methods arranged to perform a
process cycle wherein a combined gas-separator-inhib-
itor flow C directly follows a co-reactant gas or plasma
flow B of a preceding atomic layer deposition process
cycle PC are preferred over devices/methods wherein
the substrate surface 11 is exposed to inhibitor in the gas
separator directly before being exposed to the precursor,
as inventors found that it offers more flexibility in terms
of precursor and inhibitor choice. Furthermore, in em-
bodiments wherein the co-reactant is a plasma the inhib-
itor is applied directly after a plasma treatment of the
surface which may lead to increased inhibitor adsorption
due to a plasma activation of the surface. In absence of
a separation flow separating inhibitor and plasma flow
chances of gas-phase reactions between inhibitor moi-
eties and plasma species are believed to be highest to-
wards the drain. Inventors find such reactions may be
tolerated as formed by-products are typically volatile spe-
cies which may be carried away and do not affect layer
deposition in the deposition and non-deposition areas.
For example, when using an O,-plasma and acetlylace-
tone (Hacac) as inhibitor, combustion by-products are to
be expected toinclude CO,, CO, H,O and the like. These
by-products will be carried along with the flow and re-
moved into the exhaust without harming the substrate
surface 11. Similarly a broad range of inhibitor moieties
may be usedin processes employing H, plasmas. Inven-
tors find that in such processes the by-products will most-
ly be formed by volatile CXHy species, e.g. CH, species.
An exception here may be formed by inhibitor species
formed by fluorinated molecules such as fluorinated al-
cohols (e.g., hexafluorcisopropanol (HFIP) which may
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lead to non-selective fluorocarbon deposition when in-
teracting with H-plasma radicals.

[0074] In processes wherein hon-plasma based co-re-
actants are used, no gas-phase reactions are expected
on account of which the list of possible suitable inhibitors
may be limited except for halogen-terminated inhibitors
which may be subject to nucleophilic substitution with
H,O. For example chloroethane may be unsuitable as
inhibitor moiety in processes in which inhibitor exposure
is directly followed by an H,O exposure.

[0075] In a yet further particular embodiment, e.g. as
shown in FIG 6, the process gas injection head is exactly
arranged to expose the substrate surface 11 to an atomic
layer deposition process cycle PC including: anexposure
to the combined gas-separator-inhibitor flow C, followed
by an exposure to the precursor gas flow A, followed by
an exposure to a second separator gas flow S, followed
by an exposure to a co-reactant gas or plasma flow B,
e.g. as depicted in FIG 8B.

[0076] FIG 8B schematicallyillustrates a process cycle
corresponding to an area selective atomic layer deposi-
tion method 200 in which a sample is exposed to a com-
bined separator-inhibitor gas flow C before being ex-
posed, the precursor gas flow A, a separator gas flow S
and the co-reactant gas flow B.

[0077] Devices and/or methods arranged to perform a
process cycle wherein a combined gas-separator-inhib-
itor flow C directly follows a co-reactant gas or plasma
flow B of a preceding atomic layer deposition process
cycle PC and is subsequently directly followed by an pre-
cursor gas flow A are preferably applied only when the
inhibitor moiet(y)(ies) are preferably compatible with both
the (one or more) co-reactant gas or plasma moiet(y)(ies)
andthe precursor moieties. As described before mutually
compatibility may be understood to include mutually sta-
ble. As such the embodiment wherein a combined gas-
separator-inhibitor flow C directly follows a co-reactant
gas or plasma flow B of a preceding atomic layer depo-
sition process cycle PC and is subsequently directly fol-
lowed by an precursor gas flow A may be understood to
be the cross-section of the embodiments prone to some
intermixing between inhibitor moieties 5 and precursor
moieties 6 and embodiments prone to some intermixing
of inhibitor moieties 5 and co-reactant moieties 7, e.g. as
in embodiments depicted in FIGs 3 and 5, respectively.
[0078] Comparedtoembodiments employing two sep-
arator gas flows and one combined separator-inhibitor
gas flow (two separator spaces and one combined sep-
arator-inhibitor space), e.g. devices as depicted in FIG 3
and 5, a further improvement in process speed and/or
reduction in device dimensions may be obtained for proc-
ess wherein a combined gas-separator-inhibitor flow C
directly follows a co-reactant gas or plasma flow B of a
preceding atomic layer deposition process cycle PC and
is subsequently directly followed by an precursor gas flow
A

[0079] For embodiments using a combined gas-sepa-
rator-inhibitor flow C compared to embodiments using a
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dedicated inhibitor flow flanked by dedicated separator
gasflows S oneither side inventors found an approximate
reduction of inert gas usage of about 16 %. Further the
deposition rate was found to increase by a factor of about
1.2.

[0080] For embodiments wherein a combined gas-
separator-inhibitor flow C directly follows a co-reactant
gas or plasma flow B of a preceding atomic layer depo-
sition process cycle PC compared to embodiments using
adedicated inhibitor flow inventors found an approximate
reduction of inert gas usage of about 33%. Further the
deposition rate was found to increase by a factor of about
1.5.

[0081] As used herein the deposition rate R may be
understood to be defined as a measuredincrease in layer
thickness per completed process cycle per cycle time.
[0082] Inventors found that upon repeated exposure
of a substrate surface 11 to the process cycles as de-
scribed herein may, over time, result in a comparatively
slow deposition of matter on the non-deposition area 31
of the substrate. Such undesirable deposition may be
due to processing of samples with imperfect inhibition
layers, for example as a result of contamination. Alter-
natively orin addition, such layers may be a result of what
is known in the field as an unavoidable CVD, e.g. by gas-
phase intermixing of precursor co-reactant moieties and
uncontrolled deposition thus formed reaction products.
FIGs 9A&B; 10A&B.

[0083] Inapreferredembodimentthe atomiclayer dep-
osition device comprises an etching space, e.g. as shown
in Fig 9A.Inventors found that by providing an etching
space, e.g. exposing the substrate to an etchant, material
layers and/or contamination deposited on non-deposition
areas may advantageously be removed. Thereby the se-
lectivity of the deposition process can be improved. In-
ventors found that exposure to an etchant at regular in-
tervals may remove material layers and/or contamination
deposited on non-deposition areas, without substantially
degrading deposited layers on target deposition areas.
By providing the process gas injection head with an etch-
ing space, layers and/or contamination on non-deposi-
tion areas may be removed in an in-line fashion as will
be explained in relation to the method and as illustrated
in the examples.

[0084] FIG 9A illustrates a cross-sectional partial side
view of an embodiment of an atomic layer deposition de-
vice including an etching space 106 provided with an
etchant supply 57 and a drain for providing an etchant
flow E from the etchant supply 57 via the etching space
106 to the drain. For clarity reasons other separation
spaces and deposition spaces are omitted. 1t will be ap-
preciated that the etching space 106 may be added to
any one or more of the embodiments of the atomic layer
deposition devices and methods described herein. For
example, the etching space 10 may be added to the em-
bodiments as described with reference to FIGs 2, 3, 5
and 6. It will likewise be appreciated that the etching
space 106 may be provided by a separated injector, e.g.
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as described with reference to FIG 4.

[0085] Including an etching space 106 in to the atomic
layer deposition device 100 may advantageously allow
in-line removal of such undesired matter, e.g. layers de-
posited non-deposition areas 31. Exposing the substrate
surface 11 to an etchant flow E may also result in a partial
back-etch of the target layer L. It will be appreciated that
the etching space 106 space is properly arranged such
that upon repeated exposure of the substrate surface 11
to an atomic layer deposition process cycle PC including
a back-etching step there remains a net-growth rate of
the target layer L at the pre-defines deposition area 21.
Proper arrangement may be achieved e.g. by suitably
dimensioning of the etching space and/or by selection of
proper process conditions, including but not limited to
etchant concentration, temperature and exposure time.
In a preferred embodiment, the etching space 106 is
flanked by separator spaces 105 to avoid lateral spread-
ing of etchant moieties and/or gas phase intermixing of
etchant moieties with reactive moieties comprised in ad-
jacent deposition spaces.

[0086] According to a second aspect the present dis-
closure relates to a method for area-selective deposition
of a target material layer onto a deposition area of a sub-
strate surface further comprising a non-deposition area.
The method comprising:

- providing a substrate including a substrate surface
comprising at least one deposition area and at least
one non-deposition area;

- providing an atomic layer deposition device including
a process gas injection head and a conveying sys-
tem;

- providing relative movement between the substrate
1 and the process gas injection head,

wherein the substrate surface is separated at a distance
from the process gas injection head and the movement
is in a direction along the substrate surface to form a
conveying plane along which the substrate surface pass-
es a plurality of deposition and separator spaces defined
between the process gas injection head and the sub-
strate surface; the plurality of deposition and separator
spaces including at least:

- a first deposition space provided with a precursor
supply and a precursor drain,

- asecond deposition space provided with a co-reac-
tant supply and a co-reactant drain and

- at least two separator gas spaces wherein each of
the at least two separator gas spaces is provided
with at least a separator gas inlet and a separator
gas drain,

wherein a first separator gas space of the at least two
separator gas spaces is positioned adjacent to the first
deposition space and wherein a second separator gas
space is positioned adjacent to the first deposition space
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opposite the first separator gas space and adjacent to
the second deposition space and wherein the process
gas injection head is arranged to provide the first sepa-
rator gas space with a combined separator-inhibitor gas
flow comprising a separator gas and inhibitor moieties 5
selectively adhering to the non-deposition area;

- providing a precursor gas flow to the precursor sup-
ply,

- providing a co-reactant gas flow to the co-reactant
supply;

- providing a combined separator-inhibitor gas flow to
the separator gas inlet of first gas separator space
of the at least two separator spaces; and

- providing a separator gas flow to the separator gas
inlet of the second separator gas space and further
separator gas spaces, if any, of the at least two sep-
arator spaces.

[0087] In a preferred embodiment, the atomic layer
deposition device is an atomic layer deposition device
according to the first aspect of the present disclosure.
[0088] By providing the specified relative movement
and by providing the respective gas flows the substrate
surface is exposed to the inhibitor moieties, precursor,
co-reactant moieties in a way such as to complete a re-
action between co-reactant and adsorbed precursor moi-
eties forming an atomic layer of target material, i.e. com-
plete an ALD process cycle, e.g. as shown in FIGs 7A&B
and 8A&B.

[0089] In some embodiments, the method includes
patterning the substrate surface to form the deposition
and non-deposition area. Alternatively or in addition, the
substrate may be provided pre-patterned, e.g. as aresult
or intermediary product in a preceding manufacturing
process. It will be appreciated that the method and device
according to the present disclosure may be understood
to be mutually compatible. Thatis the device is preferably
arranged to performed the herein described process cy-
cles and method steps and vice versa, the method may
be understood to be particularly suitable to be executed
on the devices describe herein. Accordingly the device
and methods share described benefits. Features de-
scribed in relation to certain embodiments of the device
may be similarly applied to the method. For example,
where for the device it is described that the device may
be understood to form a spatial ALD device (sALD), like-
wise the method be understoodto pertain to a sALD proc-
ess.

[0090] Similarly in a preferred embodiment, the sepa-
rator gas flow in use at least contributes to separating
the process gas injection head and the substrate surface.
Preferably, a pressure generated by the combined sep-
arator and precursor and co-reactant gas flows essen-
tially contributes to separating and/or maintaining a sep-
aration distance between the process gas injection head
and the substrate surface.

[0091] Likewise, the relative motion is preferably re-
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peated a pre-determined plurality of times such as to re-
peatedly expose the substrate to an ALD process cycle,
e.g. as indicated by the dashed arrows in FIGs 7A-B and
8A-B. By repeating the relative motion the substrate may
be exposed to a plurality of process cycles to increase a
thickness of the formed target material layer L. As de-
scribed in relation to the device the relative motion is
preferably arranged such that the substrate during sub-
sequent passes is exposed to the plurality of deposition
and separation gas spaces in the same order as in a
preceding pass. Alternatively, as described herein
above, the relative motion may be a back-and-forth type
motion.

[0092] In a preferred embodiment, the method further
comprises an etching step. In a preferred embodiment,
the etching step comprises exposing the substrate sur-
face to an etchant flow at an etching space. The etching
space may be integrated or added to the process gas
injection head and is preferably provided with an etchant
supply and a drain for providing an etchant flowing from
the etchant supply via the etching space to the drain. In
some embodiment the etchant flow is applied after each
target material layer deposition cycle. In a preferred em-
bodiment, the etching step is only applied after complet-
ing a pre-defined number of process cycles, e.g. after
completing 25, 50, 100 or 200 cycles or multitudes there-
of, e.g. after every 50, 100 or more cycles.

[0093] In other or further preferred embodiments an
exposure of the substrate surface to inhibitor moieties
comprised in the combined gas-separator-inhibitor flow
is performed in a saturated or over saturated regime. A
typical ALD saturation curve, e.g. as shown in FIG 9B,
can be divided into three regions: In one extreme (region
I) the surface is far from being in a saturation regime. It
is believed that in this regime the exposure conditions,
e.g. concentration, temperature and/or exposure time,
are such that a substantial fraction of the available bind-
ing sites on the surface remains available, i.e. not all pos-
sible binding sites have reacted with a reactive moiety,
e.g. inhibitor or precursor moieties. Operation in regime
| (in undersaturation) is believed to lead to the formation
of target material layers with less than theoretical expect-
ed thickness increase per process cycle (GPC) and/or
incorporation of inhomogeneities, e.g. thickness, poor
conformality, pinholes. Typically this regime is not used
for ALD. The other extreme (region ll) may be referred
to as a regime in which the surface sites are saturated.
This regime may be experimentally identified, e.g. as
shown in FIG 10A by a leveling-off of a layer thickness
growth per cycle (GPC) and may be defined as an expo-
sure condition, e.g. exposure time, wherein the GPC is
at least 95% of the GPC at complete saturation. In the
example in Fig 10A this corresponds to exposure times
inexcess of about 0.17 seconds. Operation in this regime
may lead to deposition of a target material layer L with
excellent uniformity and conformal coverage evenin (3D)
high aspect ratio substrate topologies. According to the
present disclosure exposure conditions are set, i.e. the
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device is operated, such that inhibitor exposure is pref-
erably within region llI.

[0094] [nanother or further preferred embodiment, the
exposure of precursor and/or co-reactant is in region |l
(near-saturation), which may be characterized by a GPC
which is in a range between about 50 and 95 %, prefer-
ably in a range between about 75 and 95 %, or higher,
e.g. about 85to 95 %, of the GPC at complete saturation.
[0095] Exposure of the substrate surface 11 to the in-
hibitor moieties comprised in the combined gas-separa-
tor-inhibitor flow C in a saturated regime was found to
result in a good trade-off between uniform deposition,
very high throughput and efficient blocking of the precur-
sor on the non-deposition area 31. Advantageously this
may result in animproved method inwhich comparatively
thicker layers may be selectively deposited to pre-defined
deposition areas 21. Exposure of the substrate surface
to precursor and/or co-reactant moieties in a near satu-
ration regime was found to result in a good trade-off be-
tween uniform deposition, very high throughput and effi-
cient raw material usage. Accordingly, in a preferred em-
bodiment, the exposure of the substrate surface 11 to
the precursor and/or co-reactant moieties comprised in
the precursor gas flow A and co-reactant gas flow B re-
spectively, is in an intermediate regime below the satu-
rated regime. It will be appreciated that although FIG 9B
correlates GPC to an exposure time, those skilled in the
art will understand that the actual exposure is defined by
the product of partial pressure of the distinct chemicals
and exposure time. Accordingly, exposure may be un-
derstood to be the product of partial pressure and expo-
sure time.

[0096] Now with reference to FIGs 10 and 11 there is
provided experimental evidence of area-selective depo-
sition of a target material layer onto a deposition area 21
of a substrate surface 11 using devices and methods as
described herein. With reference to Fig 10A, a layer of
silicon oxide was deposited onto an exemplary substrate
comprising zinc oxide (ZnO) and silicon oxide (SiO,) ter-
minated surface area using a spatial ALD setup (sALD)
according to the first aspect of the resent disclosure. To
avoid deposition on the ZnO terminated areas inhibitor
moieties 5 selectively binding to ZnO were employed.
The thickness of the SiO, layer on the deposition area
(Si05) was found to increase steadily with increasing
number of ALD cycles. Up to about 65 process cycles no
target material was observed on the hon-deposition area
(Zn0). At this point the total thickness of deposited SiO,
amounted to approximately 7 nm. After about 80 process
cycles SiO, was found to be deposited on ZnO terminat-
ed areas as well.

[0097] Fig 10B relates to a similar experiment but in-
cluding an exposure to an etchant after about every 110
ALD processcycles, (110,220, 330, and 440). Each etch-
ant step reduces a thickness of a deposited SiO, layer
by about 5 nm while a thickness of deposited SiO, on
ZnO-terminated surface regions is reduced below a de-
tection limit. As shown inclusion of the etchant step allows
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area-selective deposition of SiO, layer with increasing
thickness beyond a level at which area unselective dep-
osition would occur for methods not including an etching
step.

[0098] FIG 11 shows X-ray photoelectron spectro-
scopic data evidencing area-selective depasition of SiO,.
As shown in the top-curve the spectrum recorded at the
non-deposition areas at binding energies (BE) between
80 and 120 eV only shows peaks characteristic to a pres-
ence of Zn species whereas the bottom curve (recorded
at target deposition areas) does show the presence of
silicon species as expected.

[0099] As used herein precursor or precursor moiety
may be understood to include any compound, €.g. mol-
ecules, able to participate in a self-limiting reaction with
reactive groups (e.qg. sites) on a surface. As known in the
field such precursor moieties are typically metal species
comprising a central metal ion surrounded by ligands. A
broad variety of precursor compounds is known in the
field including but not limited to metal-halides such as
aluminum chloride and hafnium chlecride, and metal-or-
ganic species including but not limited to metal-alkyls,
such as trimethyl aluminum and diethylzinc; -carbonyls,
such as iron{0)pentacarbonyl; -alkoxides, such as titani-
um(IV)isopropoxide; -alkylamides, such as pen-
takis(dimethylamino)tantalum(V);  -cyclopentadienyls,
such as cobaltocene; -p-diketonates, -amidinates, and
-guadinates including bis(t-butylacetoacetato)copper(ll),
bis(N,N’-di-sec-butylacetamidinato)dicopper(l), and
tris(1,3-diisopropyl-2-dimethylaminoguadinarto)gado-
linium(Ill).

[0100] As used herein the co-reactant may be under-
stood to include any moiety, e.g. as known in the field of
ALD, toreact with an adsorbed precursor moiety. As usu-
al in the field such moieties may be provided in a vapor
or gaseous state comprised in a stream of one or more
inert carriers gasses to form a co-reactant gas flow (B).
Co-reactant moieties include molecular species such as
water and or oxygen which may react, e.g. in a ligand
exchange reaction, with adsorbed precursor moieties.
Typically, for gaseous or vapor phase co-reactants tem-
perature in the deposition space may be raised to speed
up the reaction to (near) completion. Suitable tempera-
tures in the deposition space are found to be at least 50
°C, preferably in a range between 100 °C and 500 °C.
Depending on reactivity and substrate stability reaction
temperature may be adjusted, e.g. in a range between
350°Cand500°C,e.g.380°C. Alternatively orin addition
co-reactant may be understood to include reactive plas-
ma species. The plasma may be a remotely generated
plasma, e.g. generated at an upstream position and
transported to the reaction space by a carrier flow.
[0101] 1t will be appreciated that the precursor and/or
co-reactant may be comprised of a mixture of precursor-,
respectively, co-reactant moieties.

[0102] In ALD processes the precursor and/or co-re-
actant moieties are typically provided to in a flow, i.e. a
precursor flow or co-reactant flow, essentially formed of
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an inert carrier gas mixed with a pre-determined amount
(partial pressure) of the precursor moiet(y)(ies), respec-
tively the co-reactant moiet(y)(ies).

[0103] Depending on the nature of the ALD process
suitable inert gasses typically include di-nitrogen, argon,
other noble gasses or mixtures thereof. In ALD processes
wherein the co-reactantis a reactive plasma, e.g. an ox-
ygen plasma, noble gasses or mixtures thereof are pref-
erably employed as carrier and separation gas streams.
[0104] Forthe purpose of clarity and a concise descrip-
tion, features are described herein as part of the same
or separate embodiments, however, it willbe appreciated
that the scope of the invention may include embodiments
having combinations of all or some of the features de-
scribed. For example, while embodiments were shown
for a head formed of separate adjacent injectors, also
altemative ways may be envisaged by those skilled in
the art having the benefit of the present disclosure for
achieving a similar function and result. E.g. injectors
and/or heads may be combined or split up into one or
more alternative components. The various elements of
the embodiments as discussed and shown offer certain
advantages, such as area-selective deposition in a con-
tinuous production process and/or production processes
requiring a reduced amount of inert gasses. Of course,
itis to be appreciated that any of the above embodiments
or processes may be combined with one or more other
embodiments or processes to provide even further im-
provements in finding and matching designs and advan-
tages.

[0105] In interpreting the appended claims, it should
be understood that the word "comprising" does not ex-
clude the presence of other elements or acts than those
listed in a given claim; the word "a" or "an" preceding an
element does not exclude the presence of a plurality of
such elements; any reference signs in the claims do not
limit their scope; several "means" may be represented
by the same or different item(s) orimplemented structure
or function; any of the disclosed devices or portions there-
of may be combined together or separated into further
portions unless specifically stated otherwise. Where one
claim refers to another claim, this may indicate synergetic
advantage achieved by the combination of their respec-
tive features. But the mere fact that certain measures are
recited in mutually different claims does not indicate that
a combination of these measures cannot also be used
to advantage. The present embodiments may thus in-
clude all working combinations of the claims wherein
each claim can in principle refer to any preceding claim
unless clearly excluded by context.

Claims

1. Anatomic layer deposition device (100) for area-se-
lective deposition of a target material layer (L) onto
a deposition area (21) of a substrate surface (11)
further comprising a non-deposition area (31),
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the device provided with at least a process gas in-
jection head (40) and a conveying system (60) ar-
ranged to provide relative movement (M) between
the substrate surface and the process gas injection
head separated at a distance (D) therefrom in a di-
rection along the substrate surface to form a con-
veying plane along which, in use, the substrate sur-
face passes a plurality of deposition and separator
spaces defined between the process gas injection
head (40) and the substrate surface (11); the plurality
of deposition and separator spaces including at
least:

o a first deposition space (101) provided with a
precursor supply (51) and a precursor drain for
providing a precursor gas flow (A) from the pre-
cursor supply via the first deposition space to
the drain; and

o a second deposition space (102) provided with
aco-reactantsupply (52) and a co-reactantdrain
for providing a co-reactant gas flow (B) from the
co-reactant supply via the second deposition
space to the drain; and

o at least two separator spaces (105) wherein
each of the at least two separator spaces is pro-
vided with at least a separator gas inlet (55) and
a separator drain for providing a separator gas
flow (S) from the separator gas inlet via the sep-
arator space to the drain;

wherein a first gas separator space (105a) of the at
least two separator spaces is positioned adjacent to
the first deposition space (101) and wherein a sec-
ond gas separator space (105b) is positioned adja-
cent to the first deposition space (101) opposite the
first gas separator space (105a) and adjacent to the
second deposition space (102) and wherein the
process gas injection head is arranged to provide
the first gas separator space (105a) with a combined
separator-inhibitor gas flow (C) comprising a sepa-
rator gas and inhibitor moieties (5) selectively adher-
ing to the non-deposition area.

The atomic layer deposition device (100) according
to claim 1, wherein the process gas injection head
is formed of an assembly of a plurality of injectors
arranged adjacent to each other.

The atomic layer deposition device (100) according
to claim 1 or 2, wherein the gas separator flow, in
use, at least contributes to separating the process
gas injection head (40) and the substrate surface

(11).

The atomic layer deposition device (100) according
to any ofthe preceding claims, comprising a plurality
of the deposition and separator spaces according to
any of the preceding claims, such as to deposit a
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plurality of target material layers (L) upon a single
pass of the substrate (1).

The atomic layer deposition device (100) according
to any of the preceding claims, wherein one or more
adjacent spaces share a drain (x).

The atomic layer deposition device (100) according
to any of the preceding claims, wherein a pressure
of one or more of the precursor gas flow (A), the co-
reactantgas flow (B), the separator gas flow (S) flow,
and combined separator-inhibitor gas flow (C) are at
a pressure p which is within one order of magnitude
around an ambient pressure (py) (0.1-p<pp < 10-p)

The atomic layer deposition device (100) according
to any of the preceding claims comprising a third
separator space (105), wherein the third separator
space is provided between the first separator space
(105a) and the first deposition space (101).

The atomic layer deposition device (100) according
to any of the preceding claims, wherein the device
comprises an etching space (106) provided with an
etchant supply (57) and a drain for providing an etch-
ant flow (E) from the etchant supply (57) supply via
the etching space (106) to the drain.

A method (200) for area-selective deposition of a
target material layer (L) onto a deposition area (21)
of a substrate surface (11) further comprising a non-
deposition area (31), the method comprising:

- providing a substrate (1) including a substrate
surface (11) comprising at least one deposition
area (21) and at least one non-deposition area
(31);

- providing an atomic layer deposition device
(100)including a process gas injection head {(40)
and a conveying system (60);

- providing relative movement between the sub-
strate (1) and the process gas injection head
(40), wherein the substrate surface (11) is sep-
arated at a distance (D) from the process gas
injection head and the movementisin adirection
along the substrate surface to form a conveying
plane along which the substrate surface passes
a plurality of deposition and separator spaces
defined between the process gas injection head
(40) and the substrate surface (11); the plurality
of deposition and separator spaces including at
least:

o afirstdeposition space (101) provided with
a precursor supply (51) and a precursor
drain

o a second deposition space (102) provided
with a co-reactant supply (52) and a co-re-
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actant drain and

o at least two separator gas spaces (105)
wherein each of the at least two separator
gas spaces is provided with at least a sep-
arator gas inlet (55) and a separator gas
drain,

wherein a first separator gas space (105a)
of the at least two separator gas spaces is
positioned adjacent to the first deposition
space (101) and wherein a second separa-
tor gas space (105b) is positioned adjacent
to the first deposition space (101) opposite
the first separator gas space (105a) and ad-
jacent to the second deposition space (102)
and wherein the process gas injection head
is arranged to provide the first separatorgas
space (105a) with a combined separator-
inhibitor gas flow (C) comprising a separator
gas and

inhibitor moieties (5) selectively adhering to
the non-deposition area;

- providing a precursor gas flow (A) to the pre-
cursor supply (51)

- providing a co-reactant gas flow (B) to the co-
reactant supply (52);

- providing a combined separator-inhibitor gas
flow (C) to the separator gas inlet (55) of first
gas separator space (105a) of the at least two
separator spaces (105); and

- providing a separator gas flow (S) to the sep-
arator gas inlet (55) of the second separator gas
space (105a) and further separator gas spaces,
inany, ofthe atleasttwo separatorspaces (105).

The method according to claim 9, wherein the sep-
arator gas flow in use at least contributes to sepa-
rating the process gas injection head (40) and the
substrate surface.

The method according to any of the preceding
claims, wherein the relative motion is repeated a pre-
determined plurality of times.

The method according to any of the preceding
claims, further comprising an etching step.

The method according to any of the preceding
claims, wherein an exposure of the substrate surface
(11) to inhibitor moieties comprised in the combined
gas-separator-inhibitor flow (C) is in a saturated or
over-saturated regime.

The method according to any of the preceding
claims, whereinan exposure of the substrate surface
(11) to the precursor and/or co-reactant moieties
comprised in the precursor gas flow (A) and co-re-
actant gas flow (B) respectively, isin an intermediate
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regime below the saturated regime.

15. Use of agas bearing to expose the substrate surface

(11) to a combined gas-separator-inhibitor flow (C).
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1. claims: 1-8

An atomic layer deposition device suitable for
area-selective deposition of a target material layer (L)
onto a deposition area of a substrate surface further
comprising a non-deposition area,the device provided with at
Teast a process gas injection head and a conveying system
arranged to provide relative movement (M) between the
substrate surface and the process gas injection head
separated at a distance (D) therefrom in a direction along
the substrate surface to form a conveying plane along which,
in use, the substrate surface passes a plurality of
deposition and separator spaces defined between the process
gas injection head and the substrate surface; the plurality
of deposition and separator spaces including at least:o a
first deposition space provided with a precursor supply and
a precursor drain for providing a precursor gas flow (A)
from the precursor supply via the first deposition space to
the drain; ando a second deposition space provided with a
co-reactant supply and a co-reactant drain for providing a
co-reactant gas flow (B) from the co-reactant supply via the
second deposition space to the drain; ando at least two
separator spaces wherein each of the at least two separator
spaces is provided with at Teast a separator gas inlet and a
separator drain for providing a separator gas flow (S) from
the separator gas inlet via the separator space to the
drain;wherein a first gas separator space of the at Teast
two separator spaces is positioned adjacent to the first
deposition space and wherein a second gas separator space is
positioned adjacent to the first deposition space opposite
the first gas separator space and adjacent to the second
deposition space and wherein the process gas injection head
is suitable for the provision of a the first gas separator
space with a combined separator-inhibitor gas flow (C)
comprising a separator gas and inhibitor moieties
selectively adhering to the non-deposition area

2. claims: 9-15

A method (200) for area-selective deposition of a target
material layer (L) onto a deposition area (21) of a
substrate surface (11) further comprising a non-deposition
area (31), the method comprising the features as disclosed
in claim 9.

Use of a gas bearing to expose the substrate surface to a
combined gas-separator-inhibitor flow (C).
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This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

25-09-2020
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 2481830 Al 01-08-2012  CN 103415648 A 27-11-2013
EP 2481830 Al 01-08-2012
EP 2670881 Al 11-12-2013
JP 2014508221 A 03-04-2014
KR 20140020888 A 19-02-2014
US 2014044887 Al 13-02-2014
WO 2012105832 Al 09-08-2012

W0 2018140474 Al 02-08-2018 CN 110226214 A 10-09-2019
JP 2020515082 A 21-05-2020
KR 20190101508 A 30-08-2019
TW 201836023 A 01-10-2018
US 2018211833 A 26-07-2018
WO 2018140474 A 02-08-2018

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82
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