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SMALL MASK TILING FOR LARGER AREA DEPOSITIONS

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of United States Provisional Application
No. 61/951,728, filed March 12, 2014, which is incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002] Field of the Invention
[0003] The present invention relates to physical vapor deposition of material on a substrate
via a shadow mask and, more particularly, to using one or more small shadow masks to tile
multiple instances of the same pattern or different patterns on a single larger area substrate.
[0004] Description of Related Art
[0005]  Heretofore, a single shadow mask and a single target (or material deposition source)
disposed in a deposition chamber or vessel was utilized to physical vapor deposit (PVD)
material from the target onto a substrate via the shadow mask. It has been observed that as the
size of the shadow mask increases, the positions of apertures across the dimensions of the
shadow mask become subject to runout error, which is a stackup of accumulated errors in the
positioning of apertures and/or holes in the shadow mask, due to the inability to maintain tight
tolerances in the positioning of such apertures and/or holes in the shadow mask over the
dimensions of the shadow mask.
[0006] Accordingly, it would be desirable to use one or more smaller shadow masks to

produce a number of patterns on a larger area substrate.

SUMMARY OF THE INVENTION
[0007] Disclosed herein is a physical vapor deposition (PVD) method. The method
comprises: (a) providing a deposition vessel having therein a substrate, a shadow mask
including an aperture pattern, and a plurality of material deposition sources in different
locations of the deposition vessel, whetein, in plan view, the shadow mask is smaller in area
than the substrate; (b) positioning the shadow mask in the deposition vessel between a first one
of the plurality of material deposition sources and a first part of the substrate; (c) following
step (b), depositing material from the first one of the plurality of material deposition sources
on the first part of the substrate via the aperture pattern of the shadow mask; (d) following step
(c), repositioning the shadow mask in the deposition vessel between another one of the plurality

of material deposition sources and another part of the substrate; and (e) following step (d),
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depositing material from the other one of the plurality of material deposition sources on the
other part of the substrate via the aperture pattern of the shadow mask.

[0008] The method can include: (f) repeating steps (d) and (e) at least once for a different
part of the substrate.

[0009] The material deposition sources can be charged with the same material or with
different materials.

[0010] A frame can support the shadow mask in the deposition vessel. A motion stage can
position the shadow mask on the frame in step (b) and can reposition the shadow mask on the
frame in step (d).

[0011] Also disclosed is a physical vapor deposition (PVD) method in a deposition vessel
including a plurality of material deposition sources, a substrate and a shadow mask. The
method comprises: (a) PVD depositing a first material from a first of the plurality of material
deposition sources on a first part of a substrate via the shadow mask positioned between the
first material deposition source and the first part of the substrate; (b) following step (a),
repositioning the shadow mask between another of the plurality of material deposition sources
and another part of a substrate; and (c) following step (b), PVD depositing a material from the
other material deposition source on the other part of a substrate via the shadow mask.

[0012] The method can include repeating steps (b)-(c) at least once.

[0013] At least some of the material deposition sources can be charged with the same
material or with different materials.

[0014] A motion stage can be provided for repositioning the shadow mask in step (b).
[0015] Also disclosed is a physical vapor deposition (PVD) method comprising: (a)
providing first and second deposition chambers having respective first and second inverse 2-
dimensional arrangements of material deposition sources therein, wherein like locations in the
first and second deposition chambers include respectively a material deposition source and no
material deposition source, or vice versa; (b) providing in the first deposition chamber a first
array of shadow masks in the same arrangement as the material deposition sources in the first
deposition chamber; (c) providing in the second deposition chamber a second array of shadow
masks in the same arrangement as the material deposition sources in the second deposition
chamber; (d) depositing on a substrate via the first array of shadow masks first patterns of
materials from the first arrangement of material deposition sources; and (e) depositing on the
substrate via the second array of shadow masks second patterns of materials from the second

arrangement of material deposition sources.
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[0016] Each pattern of the first and second patterns of materials can be the same. Each
pattern of the first and second patterns of materials can have the same X, y orientation on the
substrate.

[0017] The material deposition sources in each deposition chamber can be arranged in
columns (C) and rows (R). The first deposition chamber can have material deposition sources
at C1, R1 and C2, R2, and no material deposition sources at C1, R2 and C2, R1. The second
deposition chamber can have material deposition sources at C1, R2 and C2, R1, and no material
deposition sources at C1, R1 and C2, R2.

[0018] The shadow masks of each array of shadow masks can be arranged in columns (C)
and rows (R). The first array of shadow masks can have shadow masks at C1, R1 and C2, R2,
and no shadow masks at C1, R2 and C2, R1. The second array of shadow masks can have
shadow masks at C1, R2 and C2, R1, and no shadow masks at C1, R1 and C2, R2.

[0019] Adjacent at least one side of each shadow mask can be a space that is at least the area
of the shadow mask. Such spaces can be adjacent two sides of the shadow mask.

[0020] At least portions of the first and second patterns of materials can be intetleaved.
[0021] Finally, disclosed herein is a physical vapor deposition (PVD) method comprising:
(a) in a first deposition vessel, PVD depositing materials from a plurality of first material
deposition sources in a first arrangement on a substrate via a first set of shadow masks
positioned between the plurality of first material deposition source and the substrate; and (b)
in a second deposition vessel, PVD depositing materials from a plurality of second material
deposition sources in a second, inverse arrangement on the substrate via a second set of shadow
masks positioned between the plurality of second material deposition sources and the substrate.
[0022] The first arrangement can include a first plurality of patterns of deposited materials.
The second arrangement can include a second plurality of patterns of deposited materials. Each
pattern can be the same. Each pattern can have the same orientation on the substrate.

[0023] At least some of the deposition sources can be charged with the same material or with

different materials.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0024] Fig. 1 is a schematic illustration of a physical vapor deposition (PVD) system
including a number of targets or material deposition sources and a shadow mask that is
moveable via a motion stage to a number of different positions within the deposition vessel
between each target and a substrate to receive a deposit of the materials from each target;
[0025] Figs. 2A-2D are views of the four targets taken along lines II-IT in Fig. 1 showing
(via concentric circles) which target is active at a particular time;
[0026] Figs. 3A-3D are views of different positions of a shadow mask on a frame
corresponding to the targets which are active in Figs. 2A-2D respectively;
[0027] Figs. 4A-4D show sections of a substrate that receive a deposit of material in response
to the positions of the shadow masks and the activations of the targets shown in Figs. 3A-3D
and Figs. 2A-2D, respectively;
[0028] Fig. 5A is a schematic illustration of another PVD system including first and second
deposition chambers or vessels, with each deposition chamber including a number of targets or
material deposition sources and a like number of shadow masks for producing a tiled
arrangement of material deposition patterns on a substrate moving through the deposition
chambers, wherein a first part of the substrate is aligned to receive a first material deposition
pattern by the passage of materials from the material deposition sources through apertures of
the shadow masks of the first deposition chamber;
[0029] Fig. 5B is a plan view of a substrate showing the first material deposition pattern that
can be formed on a first part of the substrate in the first deposition chamber;
[0030] Figs. 6A and 6B show arrangements of the material deposition sources and the
shadow masks taken along lines VIA-VIA, and VIB-VIB, respectively, of the first deposition
chamber of Fig. 5A;
[0031] Figs. 7A and 7B show arrangements of the material deposition sources and the
shadow masks taken along lines VIIA-VIIA, and VIIB-VIIB, respectively, in the second
deposition chamber of Fig. SA;
[0032] Fig. 8A shows the PVD system of Fig. SA with a second part of the substrate aligned
to receive a second material deposition pattern in the first deposition chamber;
[0033] Fig. 8B shows the combination of the first material deposition pattern and the second
material deposition pattern produced on the first and second parts of the substrate in the first
deposition chamber;
[0034] Fig. 9A shows the PVD system of Fig. 8A with the first part of the substrate

positioned in the second deposition chamber and aligned to receive a third material deposition
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pattern by the passage of materials from the material deposition sources through apertures of
the shadow masks of the second deposition chamber;

[0035] Fig. 9B shows the combination of the first, second, and third material deposition
patterns produced on the first and second parts of the substrate in the first and second deposition
chambers;

[0036] Fig. 10A shows the PVD system of Fig. 9A with the second part of the substrate
aligned to receive a fourth material deposition pattern in the second deposition chamber; and
[0037] Fig. 10B shows the combination of the first, second, third, and fourth material
deposition patterns produced on the first and second parts of the substrate in the first and second

deposition chambers.

DETAILED DESCRIPTION OF THE INVENTION
[0038] The present invention will be described with reference to the accompanying figures
where like reference numbers correspond to like elements.
[0039] With reference to Figs. 1-4D, an exemplary physical vapor deposition (PVD) system
2 includes a plurality of targets 4A-4D, each of which is comprised of a solid or liquid target
material, and a deposition substrate 6 positioned to receive deposits of target material ejected
or evaporated from targets 4A-4D, positioned in spaced relation to each other inside of a
deposition chamber or deposition vessel 8. A shadow mask 10 is positioned closely adjacent
or in intimate contact with substrate 6 between substrate 6 and targets 4A-4D via a frame 12.
[0040] One or more vacuum pumps 14 can be connected to deposition chamber 8 for
reducing the pressure within deposition chamber 8 to a desirable pressure for depositing
material from targets 4A-4D onto substrate 6 via shadow mask 10 in the manner described
hereinafter. A process gases source 16 can be coupled to deposition chamber for introducing
one or more suitable process gases into deposition chamber 8 to facilitate the controlled
deposition of material from targets 4A-4D onto substrate 6 via one or more apertures 18 in
shadow mask 10 in a manner described hereinafter.
[0041] Depending on the PVD method being utilized to deposit materials from targets 4A-
4D onto substrate 6 via one or more apertures 18 in shadow mask 10 will determine whether
vacuum pumps and process gases source 16 are optional or necessary. Exemplary PVD
methods include, without limitation, sputtering, vapor phase deposition, cathodic arc
deposition, electron beam physical vapor deposition, evaporative deposition, and pulse laser
deposition. This list of possible PVD deposition methods, however, is not to be construed as

limiting the invention.
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[0042] An exemplary shadow mask 10 positioned adjacent or in intimate contact with
substrate 6 includes a plurality of apertures 18 where target material from targets 4A-4D pass
through for deposit on a surface 20 of substrate 6 exposed via said apertures 18 and in a pattern
defined by said apertures 18.

[0043] A motion stage 22 can be provided that is operative for moving or repositioning
shadow mask 10 in the manner described hereinafter.

[0044] The use of PVD system 2 to deposit multiple instances of the same pattern on
substrate 6 utilizing a single shadow mask 10 in deposition chamber 8 will now be described.
[0045] With specific reference to Figs. 2A, 3A, and 4A, with shadow mask 10 positioned
between target 4A and substrate 20, target 4A is cause to eject or evaporate material therefrom
onto a first portion 24 of surface 20 of substrate 6 via apertures 18 in shadow mask 10. When
a sufficient amount of material has been deposited on first portion 24 of surface 20 of substrate
6, the ejection or evaporation of material from target 4A is terminated.

[0046] Referring now to Figs. 2B, 3B, and 4B, next, via motion stage 22, shadow mask 10
is moved to a position between target 4B and the second portion 26 of surface 20 of substrate
6. Thereafter, target 4B is caused to eject or evaporate material therefrom onto the second
portion 26 of surface 20 of substrate 6 via apertures 18 in shadow mask 10. When sufficient
material has been deposited from target 4B onto second portion 26 of surface 20 of substrate
6, the ejection or evaporation of material from target 4B is terminated.

[0047] With reference to Figs. 2C, 3C, and 4C, next, via motion stage 22, shadow mask 10
is moved to a position between target 4C and a third portion 28 of surface 20 of substrate 6.
Thereafter, material is ejected or evaporated from target 4C onto the third portion 28 of surface
20 of substrate 6 via apertures 18 in shadow mask 10. When a sufficient amount of material
from target 4C has been deposited on the third portion 28 of surface 20 of substrate 6, the
gjection or evaporation of material from target 4C is terminated.

[0048] With reference to Figs. 2D, 3D, and 4D, finally, via motion stage 22, shadow mask
10 is moved to a position between target 4D and a fourth portion 30 of surface 20 of substrate
6. Thereafter, matetial is ejected or evaporated from target 4D onto the fourth portion 30 of
surface 20 of substrate 6 via apertures 18 in shadow mask 10. When a sufficient amount of
material from target 4D has been deposited on fourth portion 30 of surface 20 of substrate 6,
the ejection or evaporation of material from target 4D is terminated. In an example, targets
4A-4D can be made from the same material, different materials, or combinations of the same

and different materials. For example, targets 4A and 4B can be formed from one material,
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target 4C can be formed from another material, and target 4D can be formed from yet another
material.

[0049] Upon completion of the deposition events on portions 24, 26, 28, and 30 of surface
20 of substrate 6, substrate 6 can be removed from deposition chamber § for further processing.
Alternatively, shadow mask 10 can be replaced with another shadow mask (not shown) having
a different pattern of apertures. This other shadow mask 10 can then be moved between
portions 24, 26, 28, and 30 to facilitate deposition of materials from targets 4A-4D, which can
be charged with the same or different materials than the material(s) utilized to produce the
patterns in portions 24, 26, 28, and 30 of surface 20 via shadow mask 10 in the manner
discussed above.

[0050] The use of a single mask and four targets to produce four separate instances of the
same pattern on portions 24, 26, 28, and 30 of surface 20, however, is not to be construed as
limiting the invention since it is envisioned that any number of targets 4 can be selected and
shadow mask 10 can be configured in any suitable and/or desirable manner that facilitates any
number of instances of the same pattern on surface 20.

[0051]  As can be seen in the example shown in Figs. 1-4D, a single shadow mask 10 that is
smaller in area than substrate 6 can be utilized to tile or produce a number of instances of the
same pattern on the surface 20 of substrate 6. To this end, for each deposition event on a
different portion of substrate 20, shadow mask 10 is moved between said portion and a target
4 whereupon material from target 4 is PVD deposited on said portion of surface 20 via shadow
mask 10. Thereafter, for each instance of a deposition event on a different portion of substrate
6, shadow mask 10 is moved into alignment between said portion and a different target to be
used to deposit the material on said portion of said substrate.

[0052] As can be seen, disclosed is a PVD method that includes positioning shadow mask
10 in deposition vessel 8 between a first target (or material deposition source) 4A and a first
portion 24 of substrate 6. Material from target 4A is then deposited on the first portion 24 of
substrate 6 via the aperture pattern 18 of shadow mask 10.

[0053] Shadow mask 10 is then repositioned in the deposition vessel 8 between another one
of the targets (or material deposition sources) 4B and another portion 26 of substrate 6.
Material from target 4B is then deposited on portion 26 of substrate 6 via the aperture pattern
18 of shadow mask 10. |

[0054] This process can be repeated at least once more for a different combination of

substrate portion 28 or 30 of substrate 6 and target (or material deposition source) 4C or 4D.
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[0055] The material deposition sources can be charged with the same material or the material
deposition sources can be charged with different materials.

[0056] In another example, the method includes PVD depositing a first material from target
4A on a first part 24 of substrate 6 via shadow mask 10 positioned between target 4A and said
first part 24. Thereafter, shadow mask 10 is repositioned between another target, e.g., target
4B, and another part of the substrate, e.g., part 26 of substrate 6. Next, material from the other
target (4B) is PVD deposited on the other part (26) of the substrate via shadow mask 10.
[0057] The steps of repositioning the shadow mask between another of the plurality of
material of deposition sources and another part of the substrate and PVD depositing the
material from the other material deposition source onto the other part of the substrate via the
shadow mask can be repeated one or more times as deemed necessary and/or desirable.

[0058] With reference to Figs. SA-7B, another example PVD system 50 includes first and
second deposition chambers or vessels 52-1 and 52-2. Deposition chamber 52-1 includes a
first plurality, set or arrangement of targets (or material deposition sources) 54-1, 54-2, and 54-
3. Deposition chamber 54-1 also includes a first plurality, set or arrangement of shadow masks
56-1, 56-2, and 56-3 having the same physical arrangement as targets 54-1, 54-2, and 54-3,
respectively.

[0059] Deposition chamber 54-2 includes a second plurality, set or arrangement of targets
(or material deposition sources) 58-1, 58-2, and 58-3. Deposition chamber 52-2 also includes
a second plurality, set or arrangement of shadow masks 60-1, 60-2, and 60-3 in the same
physical arrangement as targets 58-1, 58-2, and 58-3.

[0060] As can be seen by comparing Figs. 6A and 7A, the arrangement of material
deposition sources 58-1, 58-2, and 58-3 in deposition chamber 52-2 is the inverse or mirror
image about dashed line 62 of the arrangement of material depositions sources 54-1, 54-2, and
54-3 in deposition chamber 52-1. In an example, the material deposition sources 54 and 58 in
deposition chambers 52-1 and 52-2 are arranged into rows (R) and columns (C), with material
deposition sources 54-1, 54-2, and 54-3 of deposition chamber 52-1 populating C1, R1; C2,
R2; and C3, R1. In contrast, material deposition sources 58-1, 58-2, and 58-3 in deposition
chamber 52-2 populate C1, R2; C2, R1; and C3, R2, respectively.

[0061] Similarly, the shadow masks in each deposition chamber are arranged into columns
(C) and rows (R), with the arrangement of shadow masks 60-1, 60-2, and 60-3 in deposition
chamber 52-2 being the inverse or mirror image about dashed line 62 of the arrangement of
shadow masks 56-1, 56-2, and 56-3 in deposition chamber 52-1. In an example, in Fig. 6A,
shadow masks 56-1, 56-2, and 56-3 of deposition chamber 52-1 populate C1, R1; C2,R2;and

8
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(3, R1; and no shadow masks are included in C1, R2; C2, R1; or C3, R2. Similarly, shadow
masks 60-1, 60-2, and 60-3 of deposition chamber 52-2 populate C1, R2; C2, R1; and C3, R2;
and no shadow masks are included in C1, R1; C2, R2; or C3, R1.

[0062] Comparing Figs. 6A and 7A, it can be seen that like rows and columns in deposition
chambers 52-1 and 52-2 include respectively a material deposition source and no material
deposition source, or vice versa. For example, C1, R1 in deposition chamber 52-1 includes
material deposition source 54-1 while C1, R1 of deposition chamber 52-2 does not include a
material deposition source. Moreover, C1, R2 in deposition chamber 52-1 does not include
a material deposition source while C1, R2 in deposition chamber 52-2 includes material
deposition source 58-1. Similar comments apply for the other columns and rows of deposition
chambers 52-1 and 52-2.

[0063] Similarly, comparing Figs. 6B and 7B, it can be seen that C1, R1 of deposition
chamber 52-1 includes shadow mask 56-1 while C1, R1 of deposition chamber 52-2 does not
include a shadow mask. Similarly, C1, R2 of deposition chamber 52-1 does not include a
shadow mask while C1, R2 of deposition chamber 52-2 includes shadow mask 60-1. Similar
comments apply in respect of the other columns and rows in deposition chambers 52-1 and 52-
2 including respectively a shadow mask or no shadow mask, or vice versa.

[0064] One or more vacuum pumps 64 can be connected to deposition chambers 52-1 and
52-2 for reducing the pressure therein to a desirable pressure for depositing material from
material deposition sources 54-1, 54-2, and 54-3 of deposition chamber 52-1 and from material
deposition sources 58-1, 58-2, and 58-3 of deposition chamber 52-2 onto a substrate 66 in the
manner described hereinafter. A process gas(es) source 64 can be coupled to deposition
chambers 52-1 and 52-2 for introducing one or more suitable process gases into deposition
chambers 52-1 and 52-2 to facilitate the controlled deposition of material from the material
deposition sources of deposition chambers 52-1 and 52-2 onto substrate 66 via the shadow
masks 56 and 60 in each deposition chamber.

[0065] Depending on the PVD method being utilized to deposit material from material
deposition sources 54 and 56 onto substrate 6 via one or more apertures in the various shadow
masks 56 and 60 will determine whether vacuum pumps 64 and process gases source 66 are
optional or necessary.

[0066] Having described PVD system 50, a method of using PVD system 50 to deposit
patterns on substrate 68 will now be described with reference to Figs. 8A-10B with continuing

reference to Figs. 5A-7B.
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[0067] At a suitable time, substrate 68 is introduced into deposition chamber 52-1 in a
direction shown by arrow 70 until a first part 72 of subsfrate 68 is aligned over material
deposition sources 54-1, 54-2, and 54-3, and shadow mask 56-1, 56-2 and 56-3 as shown in
Fig. 5A. Thereafter, materials from material deposition sources 54-1, 54-2, and 54-3 are
deposited on substrate 68 in a first material deposition pattern 76-1, 76-2, and 76-3 (Fig. 5B)
via shadow masks 56-1, 56-2, and 56-3, respectively. It should be appreciated that material
deposition pattern 76-1 is formed by the passage of material from material deposition source
54-1 through apertures (not numbered) in shadow mask 56-1. Similarly, material deposition
Jpattern 76-2 is formed by the passage of material from material deposition source 54-2 through
apertures (not numbered) in shadow mask 56-2, and material deposition pattern 76-3 is formed
by the passage of material from material deposition source 54-3 through apertures (not
numbered) in shadow mask 56-3.

[0068] Next, substrate 68 is advanced in the direction of arrow 70 until a second part 74 of
substrate 68 is aligned over shadow mask 56-1, 56-2, and 56-3 in deposition chamber 54-1 as
shown in Fig. 8A. Then, a second material deposition pattern 78-1, 78-2, and 78-3 is formed
on the second part 74 of substrate 68 by the passage of materials from material deposition
sources 54-1, 54-2, and 54-3 through apertures (not numbered) in shadow mask 56-1, 56-2,
and 56-3, respectively. The combination of the first material deposition pattern 76-1, 76-2, and
76-3, and the second material deposition pattern 78-1, 78-2, and 78-3 on the first and second
parts 72, 74 of substrate 68 are shown in Fig. 8B.

[0069] Next, substrate 68 is advanced in the direction of arrow 70 until the first part 72 of
substrate 68 is aligned over shadow masks 60-1, 60-2, and 60-3 in deposition chamber 54-2 as
shown in Fig. 9A. Then, a third material deposition pattern 80-1, 80-2, and 80-3 is formed on
the first part 72 of substrate 68 by the passage of materials from material deposition sources
58-1, 58-2, and 58-3 through apertures (not numbered) in shadow mask 60-1, 60-2, and 60-3,
respectively.

[0070] Fig. 9B shows the combination of the first, second and third material deposition
patterns 76, 78, and 80 on substrate 68. As can be seen, the third material deposition patterns
80-1, 80-2, and 80-3 are deposited in the gaps or spaces adjacent to or between first material
deposition patterns 76-1, 76-2, and 76-3. _

[0071] Next, substrate 68 is advanced in the direction of arrow 70 until second part 74 of
substrate 68 is aligned over shadow masks 60-1, 60-2, and 60-3 in deposition chamber 52-2 as
shown in Fig. 10A. Then, fourth material deposition patterns 82-1, 82-2, and 82-3 are formed

on the second part 74 of substrate 68 by the passage of materials from material deposition
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sources 58-1, 58-2, and 58-3 through apertures (not numbered) in shadow masks 60-1, 60-2,
and 60-3, respectively.

[0072]  Fig. 10B shows the combination of first, second, third, and fourth material deposition
patterns 76, 78, 80, and 82 on substrate 68. As can be seen, fourth material deposition patterns
82-1, 82-2, and 82-3 are formed in the gaps or spaces adjacent to or between second material
depositi‘on patterns 78-1, 78-2, and 78-3.

[0073] Ascan be seen, by way of atiled array of material deposition sources and a tiled array
of shadow masks, a tiled array of material deposition patterns can be formed on substrate 68.
In an example, the pattern of each material deposition pattern 76, 78, 80, and 82 is the same (as
shown best in Fig. 10B). For example, deposition pattern 80-1 is the same as deposition pattern
76-1 which is the same as deposition pattern 82-1 which is the same as deposition pattern 78-
1. Alternatively, different material deposition patterns can be formed on substrate 68 in the
manner described above. For example, material deposition patterns 76 and 78 can be one
pattern while material deposition patterns 80 and 82 can be another pattern. Still further, each
material deposition pattern 76, 78, 80, and 82 can be different.

[0074] In the foregoing example, a single substrate 68 was illustrated. However, it is
envisioned that substrate 68 can be a continuous substrate that extends through deposition
chambers 52-1 and 52-2.

[0075] Inan example, the passage of substrate 68 through deposition chambers 52-1 and 52-
2 can be controlled by a suitable motion stage 84.

[0076] Each material deposition pattern 76, 78, 80, and 82 can be formed one material
deposition pattern at a time or all of the material deposition patterns at a time. For example,
when forming the first material deposition pattern 76-1, 76-2, and 76-3, material deposition
sources 54-1, 54-2, and 54-3 can be activated to cject or evaporate target material all at the
same time. Alternatively, each material deposition source 54-1, 54-2, and 54-3 can be activated
one at a time. Still further, the activation of one material deposition source 54-2 can overlap
the activation of another material deposition source 54-1.

[0077] As can be seen, PVD system 50 includes first and second deposition chambers 52-1
and 52-2 having respective first and second inverse two-dimensional arrangements of material
deposition sources 54-1, 54-2, and 54-3, and 58-1, 58-2, and 58-3 therein. Like locations in
the first and second deposition chambers 52-1 and 52-2 include, respectively, a material
deposition source and no material deposition source, or vice versa.

[0078] As shown in Figs. 6A-6B, first deposition chamber 52-1 includes a first array of

shadow masks 56-1, 56-2, and 56-3 in the same physical arrangement as material deposition
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sources 54-1, 54-2, and 54-3, respectively. As shown in Figs. 7A-7B second deposition
chamber 52-2 includes a second array of shadow masks 60-1, 60-2, and 60-3 in the same
physical arrangement as material deposition sources 58-1, 58-2, and 58-3. Via the first
arrangement of material deposition sources 54-1, 54-2, and 54-3, first patterns of materials are
deposited on substrate 68 via the first array of shadow masks 56-1, 56-2, and 56-3. Via the
second arrangement of material deposition sources 58-1, 58-2, and 58-3, second patterns of
material are deposited on substrate 68 via the second array of shadow masks 60-1, 60-2, and
60-3.

[0079] In an example, each pattern of the first and second patterns of materials can be the
same. In this regard, each pattern of the first and second patterns of materials can have the
same X, y orientation on substrate 68 as shown, e.g., in Fig. 10B, where each pattern (e.g., 76-
1, 78-1, 80-1, 82-1) has two boxes in the upper right corner and a single box in the lower left
corner.

[0080] As shown in Figs. 6A and 7A, the material deposition sources in each deposition
chamber 52-1 and 52-2 are arranged in columns (C) and rows (R). The first deposition chamber
52-1 has material deposition sources 54 at C1, R1; C2, R2; and C3, R, and no material
deposition sources at C1, R2; C2, R1; and C3, R.2. The second deposition chamber 52-2 has
material deposition sources 58 at Cl, R2; C2, R1; and C3, R2, and no material deposition
sources at C1, R1; C2, R2; and C3, R1.

[0081] Similarly, the shadow masks of each array of shadow masks 56 and 60 are arranged
in columns and rows. The first array of shadow masks 56 in deposition chamber 52-1 includes
shadow masks at C1, R1; C2, R2; and C3, R1, and no shadow masks at C1, R2; C2, R1; and
C3, R2. The second array of shadow masks 60 in deposition chamber 52-2 includes shadow
masks at C1, R2; C2, R1; and C3, R2, and no shadow masks at C1, R1; C2, R2; and C3, R1.
[0082] As can be seen in Figs. 6A and 6B, adjacent at least one side of each shadow mask
56 and 60 is a space that is at least the area of the shadow mask. In an example, spaces are
adjacent two sides of each shadow mask. As can be seen in Fig. 10B, at least portions of
patterns of materials deposited on substrate 68 are interleaved.

[0083]  Another, more general, example of a PVD method includes: in a first deposition
vessel, PVD depositing materials from a plurality of first material deposition sources 54 in a
first arrangement 76 on substrate 68 via a first set of shadow masks 56 positioned between the
plurality of first material deposition sources 54 and the substrate 68. In a second vessel,

materials are PVD deposited from a plurality of second material deposition sources 58 ina
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second, inverse arrangement 80 on substrate 68 via a second set of shadow masks 60 positioned
between the plurality of second material deposition sources 58 and substrate 68.

[0084] In an example, the first arrangement 76 includes a first plurality of patterns of
deposited materials, e.g., 76-1, 76-2, and 76-3. The second arrangement 80 includes a second
plurality of patterns of deposited materials, e.g., 80-1, 80-2, and 80-3.

[0085] Each pattern 76-1, 76-2, 76-3, 80-1, 80-2, and 80-3 can be the same or different.
Where each pattern is the same, each pattern can have the same X, y otientation on substrate
68.

[0086] In an example, each material deposition source in each deposition chamber can be
charged with the same material, or different material deposition sources in each deposition
chamber can be charged with different materials. Combinations of material deposition sources
in each deposition chamber being charged with the same matetial or with different materials
are also envisioned.

[0087] The present invention has been described with reference to the accompanying figures.
Obvious modifications and alterations will occur to others upon reading and understanding the
preceding detailed description. The foregoing processes of tiling multiple patterns on a
common substrate may be known by other names such as, without limitation, modular masking
utilizing a number of modular masks; cellular masking utilizing a number of cellular masks;
stitched masking utilizing a number of stitched masks; and/or other like terminologies. It is
intended that the invention be construed as including all such modifications and alterations

insofar as they come within the scope of the appended claims or the equivalents thereof.
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THE INVENTION CLAIMED IS

1. A physical vapor deposition (PVD) method comprising:

(a) providing a deposition vessel having therein a substrate, a shadow mask
including an aperture pattern, and a plurality of material deposition sources in different
locations of the deposition vessel, wherein, in plan view, the shadow mask is smaller in area
than the substrate;

(b)  positioning the shadow mask in the deposition vessel between a first one of the
plurality of material deposition sources and a first part of the substrate;

(© following step (b), depositing material from the first one of the plurality of
material deposition sources on the first part of the substrate via the aperture pattern of the
shadow mask;

(d) following step (c), repositioning the shadow mask in the deposition vessel
between another one of the plurality of material deposition sources and another part of the
substrate; and

(e) following step (d), depositing material from the other one of the plurality of
material deposition sources on the other part of the substrate via the aperture pattern of the

shadow mask.

2. The method of claim 1, further including:
® repeating steps (d) and () at least once for one different part of the substrate

3. The method of claim 1, wherein the material deposition sources are chargéd with the

same material,

4, The method of claim 1, wherein the material deposition sources are charged with
different materials.
5. The method of claim 1, wherein:

a frame supports the shadow mask in the deposition vessel; and
a motion stage positions the shadow mask on the frame in step (b) and repositions the

shadow mask on the frame in step (d).
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6. A physical vapor deposition (PVD) method in a deposition vessel including a plurality
of material deposition sources, a substrate and a shadow mask, the method comprising:

€)] PVD depositing a first material from a first of the plurality of matetial
deposition sources on a first part of a substrate via the shadow mask positioned between the
first material deposition source and the first part of the substrate;

(b)  following step (a), repositioning the shadow mask between another of the
plurality of material deposition sources and another part of a substrate; and

(c) following step (b), PVD deposiﬁng a material from the other material deposition

source on the other part of a substrate via the shadow mask.
7. The method of claim 6, further including repeating steps (b)-(c) at least once.

8. The method of claim 6, wherein at least some of the material deposition sources are

charged with the same material.

9. The method of claim 6, wherein at least some of the material deposition sources are

charged with different materials.

10.  The method of claim 6, further including a motion stage for repositioning the shadow

mask in step (b).

11. A physical vapor deposition (PVD) method comptising:

(a) providing first and second deposition chambers having respective first and
second inverse 2-dimensional arrangements of material deposition sources therein, wherein
like locations in the first and second deposition chambers include respectively a material
deposition source and no material deposition source, or vice versa;

(b)  providing in the first deposition chamber a first array of shadow masks in the
same arrangement as the material deposition sources in the first deposition chamber;

(¢)  providing in the second deposition chamber a second array of shadow masks in
the same arrangement as the material deposition sources in the second deposition chamber;

(d)  depositing on a substrate via the first array of shadow masks first patterns of
materials from the first arrangement of material deposition sources; and

) depositing on the substrate via the second array of shadow masks second

patterns of materials from the second arrangement of material deposition sources.
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12. The method of claim 11, wherein:
each pattern of the first and second patterns of materials are the same; and
each pattern of the first and second patterns of materials have the same x, y orientation

on the substrate.

13.  The method of claim 11, wherein:

the material deposition sources in each deposition chamber are arranged in columns (C)
and rows (R);

the first deposition chamber has material deposition sources at C1, R1 and C2, R2, and
no material deposition sources at C1, R2 and C2, R1; and

the second deposition chamber has material deposition sources at C1, R2 and C2, R1,

and no material deposition sources at C1, R1 and C2, R2. '

14.  The method of claim 11, wherein:

the shadow masks of each array of shadow masks are arranged in columns (C) and rows
R);

the first array of shadow masks has shadow masks at C1, R1 and C2, R2, and no shadow
masks at C1, R2 and C2, R1; and

the second array of shadow masks has shadow masks at C1, R2 and C2, R1, and no

shadow masks at C1, R1 and C2, R2.

15.  The method of claim 11, wherein adjacent at least one side of each shadow mask is a

space that is at least the area of the shadow mask.
16.  The method of claim 15, wherein spaces are adjacent two sides of the shadow mask.

17.  The method of claim 11, wherein at least portions of the first and second patterns of

materials are interleaved.

18. A physical vapor deposition (PVD) method comptising:
(a) in a first deposition vessel, PVD depositing materials from a plurality of first
material deposition sources in a first arrangement on a substrate via a first set of shadow masks

positioned between the plurality of first material deposition source and the substrate; and
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(b) in a second deposition vessel, PVD depositing materials from a plurality of
second material deposition sources in a second, inverse arrangement on the substrate via a
second set of shadow masks positioned between the plurality of second material deposition

sources and the substrate.

19. The method of claim 18, wherein:
the first arrangement includes a first plurality of patterns of deposited materials;

the second arrangement includes a second plurality of patterns of deposited materials;

each pattern is the same; and

each pattern has the same orientation on the substrate.

20.  The method of claim 18, wherein at least some of the deposition sources are charged

with the same material or with different materials,

17



WO 2015/138226

22

~_

7
MOTION
STAGE

ITA

PCT/US2015/019122

14

\

1
VACUUM

PUMP(S)

16

\

PROCESS

4C 4D

SUBSTITUTE SHEET (RULE 26)

GAS(ES)
SOURCE




WO 2015/138226 PCT/US2015/019122

8

(o
- <
[{e] = ‘l
2| &l 0\1 gf‘f 3)
/EI A - . / QE
AN

\\

28
18 !
4B
od

S m m M
<+ N N
O © O
L L L
:\ N < / /
\g // o = <"\\_© (é
\j
~1 |9 e e N
© ] \ ya / ()
/ N, o i~ M
o <C <C <C
<+ N N
© © ©
L L L

SUBSTITUTE SHEET (RULE 26)



WO 2015/138226

S N\ /7
\\D {EI
O (M|
(| |
»/EI \I'_"I
VAR
SN
ﬁ_
&)
(.
Noofg L7
p=

oo(od

26\

28

PCT/US2015/019122

8

o © f
\ “‘\\@ @
= o
AR
< \Q
- Q-
N N
© ©
L L
X ) r
™ © T T—o b
ﬁk_ 2O

SUBSTITUTE SHEET (RULE 26)

FIG. 2C



PCT/US2015/019122

0L

WO 2015/138226

G 9Ol x4
7-94 U A )
—— ’L vYGQ "9l
¢c-9, 9 -9, B
== - 3104105
:
iz 99" /
39V 1S
(S)dWNd
— innows NOILOW
y9 -
1-8G ¢-86G 7-¥6G l-4G
\ / \ /
v TIE Mu mwéw v IE W % VIE
4 _4
g I \ / g TIK 91K / q1K
a LI LT s L[ A
L il [ [ —\ |< w \_
7-09— / 2! peo\
o/ e 7-9¢ N 89
-6 1-09 79 -6 1-9G

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/019122

WO 2015/138226

=09 / 1-09 c-85 / |86
/ ‘ /
/ I 7/ m\ | | R
\ ol (= ~ | _ -y
oo _ oo _ |
. _ _ | | .
A N e R N St S s I JARG I E
\_rmu W 1y “ @_/E
z-097 | | | | T~ 7-86
¢ 20 19 ¢ ) 10
_ | - \N_-z /S
¢-9G _ _ @\ ~
}_Hmn_ | ¢y | | ¢d
. _ _ .
89 Oldp-—+-—-9-—7 ——7-—7-—- V9 Ol
g _ U N i _ Ly
((S= | oo _ _ m/
\ | _ \ | |
£-96 €0 20 19 T/@m ¢ / 0 10 e
vzg —" o «/
0L

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/019122

WO 2015/138226

0/

48 914 TLﬁ
z-9,. Y A
O *
7 V8 914
¢-9, U 1-97 B
= == 34N0S
-9, U (S3)SY9 78
oo y S\ $S3D0¥d /
c-g/ B -8/ U mo/:,m
3 O
(S)dNNd NOLLON
99 — NNADY A
y9q -
1-86G 7-86 7-+G L-4G
N\ / \ /
v TR Mu v 1K V1K wu mw VIE
RNy \ / gIE| 0L 91K \ 89 / 91K
A LV ML Ay & LV e
- T T } x Y |
B ] -
2-09— i r\wr\meAL
\ \ \ . 7 / /
) 1-09 2-96 1-9G

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/019122

WO 2015/138226

0L

78

N

\

JOVIS
NOILOW

d6 9l4 TA
¢-08 Bl z-92 By 1-08 B A
= == — 7 Vo 9l
¢-9, Bl z-09 B}l 1-9/ O
o O 04 1949005
z-8. Y aemoé
o SS300¥d
2 99"
c-g/ U -8/ U .
a1 , Oc
(S)dWNd
99— _WNNDY A
y9 -
1-8G ¢-86 -7G l-+G
N N /
v T Mu &,\E W & vIE
29
0L q 1K / / g TIA q1x / mﬂm
/ |+ __ ] [ ._. } + — * [ ; [ ] .
~ = -
7-09— 4 ¥l
/ 109 /] W

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/019122

WO 2015/138226

901 "9 4

78

N

\

JOVILS
NOILOW

X
c-08 Bl z-92 Y|l 1-08 Y A
e o [ o *
Z1 VOl 9l
c-9/ B z-08 Bl 1-94 ©
] 0 ad
324N0S
c-ze Ul z-92 Y| 1-z8 Y (SFISYH
$S300¥d
0/ 304 [ T v/ @@\
c-8. B z-z8 Bl 1-9. P
[ (. (|
(S)dNNd
ww\\ _ ANNDVA
79 -1
1-86 Z-86 7-4C yC
\ / \ /~
v TIE W v TIE v IK W mw VIE
89
0L g I~ g TIK q1x q1x
\ + ﬂ/ i 4 » e e »
- ) 1 | e e
[N N NS v \__ -
Z1 VR \ /
/o e 7-95 N
N-O@\ 0257 1-09 6 N b

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2015/019122

A.

CLASSIFICATION OF SUBJECT MATTER

C23C 14/04(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
C23C 14/04; BO5D 5/12; C23C 16/04;, C23C 14/28; HO1L 21/02; HO1L 21/00; C23C 16/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: physical vapor deposition, vessel, substrate, shadow mask and deposition source

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2009-0104721 A1 (HIRAKATA, YOSHIHARU et al.) 23 April 2009 1-10
See abstract, paragraphs [0054]-[0057], [0069]-[0078], [0091], claims 1-4
and figures 1A-3, 1HA, 15B.

A 11-20

X US 2005-0031783 A1 (BRODY, THOMAS PETER et al.) 10 February 2005 11-20
See abstract, paragraphs [0038]-[0047], claims 1, 2, 5
and figures 3A, 3B.

A 1-10

A US 2013-0251907 A1 (PAN, CHONGGUANG) 26 September 2013 1-20
See abstract, paragraphs [0036]-[0050] and figures 2-4.

A KR 10-2012-0005524 A (SOLMATES B.V.) 16 January 2012 1-20
See abstract, paragraphs [0039]-[0051] and figures 1-4.

A US 2013-0316543 A1 (ALTKNECHT, DAVID J. et al.) 28 November 2013 1-20
See abstract, paragraphs [0039]-[0041], claims 1-11 and figure 7.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E"  earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

e

'

myn

ng"

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search
24 June 2015 (24.06.2015)

Date of mailing of the international search report

24 June 2015 (24.06.2015)

Name and mailing address of the [SA/KR
International Application Division
¢ Korean Intellectual Property Office
189 Cheongsa-1o, Seo-gu, Dagjeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No, +82-42-472-7140

Authorized officer

CHO, Han Sol

Telephone No. +82-42-481-5580

N R

RN

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2015/019122
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2009-0104721 Al 23/04/2009 CN 101691652 A 07/04/2010
JP 2009-120946 A 04/06/2009
KR 10-2009-0041316 A 28/04/2009
TW 200932930 A 01/08/2009
US 2005-0031783 Al 10/02/2005 AU 2003-288893 Al 30/04/2004
AU 2003-288893 A8 30/04/2004
CN 100375229 C 12/03/2008
CN 101027424 A 29/08/2007
CN 101027424 B 09/06/2010
CN 101027424 C 29/08/2007
CN 101038914 A 19/09/2007
CN 101038914 C 19/09/2007
CN 1666318 A 07/09/2005
CN 1666318 C 12/03/2008
EP 1568069 A2 31/08/2005
JP 2005-539378 A 22/12/2005
JP 4246153 B2 02/04/2009
US 2003-0228715 Al 11/12/2003
US 6943066 B2 13/09/2005
US 7132016 B2 07/11/2006
WO 2004-025696 A2 25/03/2004
WO 2004-025696 A3 06/01/2005
WO 2006-025821 Al 09/03/2006
US 2013-0251907 Al 26/09/2013 CN 102021536 A 20/04/2011
EP 2653584 Al 23/10/2013
EP 2653584 A4 21/05/2014
JP 2014-505785 A 06/03/2014
KR 10-2012-0104368 A 20/09/2012
TW 201235487 A 01/09/2012
WO 2012-079294 Al 21/06/2012
KR 10-2012-0005524 A 16/01/2012 CN 102459687 A 16/05/2012
EP 2243855 Al 27/10/2010
JP 2012-524838 A 18/10/2012
US 2012-0122317 Al 17/05/2012
WO 2010-121931 Al 28/10/2010
US 2013-0316543 Al 28/11/2013 US 8673791 B2 18/03/2014

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report

