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A SHADOW MASK WITH PLASMA RESISTANT COATING
BACKGROUND

Field of the Disclosure

[0001] Embodiments of the disclosure relate to a shadow mask for use in a
deposition process, such as a chemical vapor deposition (CVD) process used in the
manufacture of electronic devices. In particular, embodiments of the disclosure
relate to a shadow mask utilized in an encapsulation process in the manufacture of
organic light emitting diode (OLED) display devices.

Description of the Related Art
[0002] OLEDs are used in the manufacture of television screens, computer

monitors, mobile phones, other hand-held devices, etc. for displaying information. A
typical OLED may include layers of organic material situated between two electrodes
that are all deposited on a substrate in a manner to form a matrix display panel
having individually energizable pixels. The OLED is generally placed between two
glass panels, and the edges of the glass panels are sealed to encapsulate the OLED
therein.

[0003] There are many challenges encountered in the manufacture of such
display devices. In some fabrication steps, the OLED material is encapsulated in
one or more layers to prevent moisture from damaging the OLED material. During
these processes, one or more masks are utilized to shield portions of the substrate
that do not include the OLED material. The masks used in these processes must
endure significant temperature differences. The temperature extremes cause
thermal expansion and contraction of the mask, which may lead to cracks, bending
or breakage of the mask, any one of which may cause contamination of portions of
the substrate. Additionally, some of these processes utilize plasmas that may react
with the material of the mask in a manner that creates particles, which may catuse

contamination of portions of the substrate.

[0004] Therefore, there is a continuous need for new and improved apparatus

and processing methods using masks in forming OLED display devices.
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SUMMARY

[0005] Embodiments of the disclosure provide a mask assembly for use in a

deposition process in the manufacture of organic light emitting diode displays.

[0006] In one embodiment, a mask assembly is provided that includes a mask
frame and a mask screen, both of the mask frame and the mask screen made of a
metallic material, and a metal coating disposed on exposed surfaces of one or both

of the mask frame and the mask screen.

[0007] In another embodiment, a mask assembly is provided that includes a mask
frame and a mask screen, both of the mask frame and the mask screen made of a
metallic material having a low coefficient of thermal expansion, an oxide coating
disposed on exposed surfaces of one or both of the mask frame and the mask

screen.

[0008] In another embodiment, a mask assembly is provided that includes a mask
frame and a mask screen, both of the mask frame and the mask screen made of a
nickel:iron alloy having a low coefficient of thermal expansion, and a metal coating
disposed on exposed surfaces of one or both of the mask frame and the mask

screen.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] So that the manner in which the above recited features of the present
disclosure can be understood in detail, a more particular description of the
disclosure, briefly summarized above, may be had by reference to embodiments,
some of which are illustrated in the appended drawings. It is to be noted, however,
that the appended drawings illustrate only typical embodiments of this disclosure and
are therefore not to be considered limiting of its scope, for the disclosure may admit

to other equally effective embodiments.

[0010] Figure 1A is an isometric exploded view of one embodiment of a mask

assembly according to embodiments disclosed herein.

[0011] Figure 1B is an enlarged cross-section of an opening along lines 1B-1B of

Figure 1A.

[0012] Figure 1C is an enlarged view of a portion of an opening of Figure 1B.
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[0013] Figure 2 is a plan view of another embodiment of a mask assembly.

[0014] Figure 3 is a cross-sectional view of a portion of the mask assembly along

lines 3-3 of Figure 2.

[0015] Figure 4 is a cross-sectional view of a portion of the mask assembly along

lines 4-4 of Figure 2.

[0016] Figure 5 is a cross-sectional view of a portion of the mask assembly along

lines 5-5 of Figure 2.

[0017] Figure 6 is a schematic cross-sectional view of a CVD apparatus wherein

the mask assemblies as described herein may be utilized.

[0018]  To facilitate understanding, identical reference numerals have been used,
wherever possible, to designate identical elements that are common to the figures. It
is contemplated that elements and/or process steps of one embodiment may be

beneficially incorporated in other embodiments without additional recitation.

ETAILED DESCRIPTION

[0019] Embodiments of the invention include a mask for use in a deposition
chamber for a chemical vapor deposition (CVD) process, such as a CVD process
chamber or a plasma-enhanced chemical vapor deposition (PECVD) process
chamber that is operable to align the mask with respect to a substrate, position the
mask on the substrate, and deposit an encapsulation layer on an OLED material
formed on the substrate. The embodiments described herein may be used with
other types of process chambers and are not limited to use with CVD or PECVD
process chambers. The embodiments described herein may be used with other
types of deposition processes and are not limited to use for encapsulating OLED’s
formed on substrates. The embodiments described herein may be used with various
types, shapes, and sizes of masks and substrates. Embodiments disclosed herein
may be practiced in chambers and/or systems available from AKT, Inc., a division of
Applied Materials, Inc., of Santa Clara, California. Embodiments disclosed herein

may also be practiced in chambers and/or systems from other manufacturers.
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[0020] Figure 1A is an isometric exploded view of one embodiment of a mask
assembly 100 according to embodiments disclosed herein. The mask assembly 100
includes a mask frame 102 and a mask screen 104 that may be coupled to the mask
frame 102. The mask frame 102 is rectangular and includes two opposing major
sides 105 and two opposing minor sides 110. The sides 105 and 110 surround an
opening where the mask screen 104 may be positioned. For example, a perimeter
115 of the mask screen 104 may be attached to a raised interior edge 120 of the
mask frame 102. The mask screen 104 may be tensioned along a length and/or a
width thereof and coupled to the interior edge 120 of the mask frame 102 via
fasteners (not shown) or a welding process. When coupled to each other, the mask
frame 102 and the mask screen 104 comprise the mask assembly 100 that may be
positioned in a chamber (not shown) above a substrate having OLED devices
formed thereon (not shown). The mask assembly 100 may be utilized to deposit
materials onto portions of the substrate. The deposition materials may include
silicon nitride (SiN) or other materials that encapsulate the OLED devices. The
deposition materials may be deposited utilizing CVD or PECVD techniques. The
chamber, and interior components thereof, such as the mask assembly 100, may

also be cleaned periodically using a plasma containing fluorine.

[0021] The mask frame 102 and/or the mask screen 104 may be made of a
material having a low coefficient of thermal expansion (CTE). The low CTE material
prevents or minimizes movement of the mask frame 102 relative to a substrate (not
shown) when temperature changes are experienced. The low CTE material may
also prevent or minimize movement of, or between, openings 130 formed through
the mask screen 104 when temperature changes are experienced. Examples of
materials having a low CTE include molybdenum (Mo), titanium (Ti), chromium (Cr),
tungsten (W), tantalum (Ta), vanadium (V), alloys thereof and combinations thereof.
In some embodiments, one or both of the mask frame 102 and the mask screen 104
may be made from a metallic material that may react with gases utilized in the
chamber where the mask assembly 100 is used. Examples may include alloys of
iron (Fe) and nickel (Ni), alloys of Fe, Ni and cobalt (Co), among other low CTE
materials. Examples of Fe:Ni alloys and Fe:Ni:Co alloys may include metals
marketed under the trade names INVAR® (Fe:Ni 36), SUPER INVAR 32-5%, among

others. The low CTE material maintains dimensional stability in the mask assembly
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100, which provides accuracy of the deposited materials. Low CTE materials or
metals as described herein may be a CTE of less than or equal to about 15
microns/meter/degrees Celsius, such as less than or equal to about 14
microns/meter/degrees Celsius, for example less than or equal to about 13

microns/meter/degrees Celsius.

[0022] One or both of the mask frame 102 and the mask screen 104 may include
a coating 125 as one or more of the low CTE materials may react with chemistries
utilized in the environment of the chamber where the mask assembly 100 is utilized.
In one example, fluorine radicals in plasma used to clean the chamber may react
with the low CTE material of the mask assembly 100 containing iron to form iron
fluoride (FeFx), which can generate particles. The coating 125 may be utilized to
protect the mask frame 102 and/or the mask screen 104 from the plasma to reduce
particles. The coating 125 may also be utilized to protect the mask frame 102 and/or

the mask screen 104 in order to extend the lifetime thereof.

[0023] The dimensions of the mask assembly 100 may be determined by the
surface area of a substrate to be processed. In some embodiments, the length X
width may be about 920 millimeters (mm) by about 730 mm for a Generation 4.5
substrate (G 4.5), about 1,500 mm by about 925 mm for a G 6 half-cut substrate,
about 2,200 mm by about 1,250 mm for a G 8.5 half-cut substrate, or any other
substrate size. The mask assembly 100 may include the mask frame 102 and one
or more mask screens, such as the mask screen 104, suitable for use on substrates
of any generation. While the dimensions of the mask frame 102 may be different for
different substrate sizes and the mask screen 104 surface area may differ, the size
of the openings 130 may be the same as the dimensions are based on the size of

the OLED devices formed on the substrate.

[0024] Figure 1B is an enlarged cross-section of an opening 130 along lines 1B-
1B of Figure 1A. The mask screen 104 includes a first side 135 and a second side
140, and the second side 140 is adapted to contact a substrate during processing.
The opening 130 is formed between the first side 135 and the second side 140. The
opening 130 may include a tapered sidewall 145 that tapers toward inward from the
first side 135 to the second side 140. The opening 130 may be rectangular and

include a major dimension 150 of about 90 mm to about 100 mm. A minor
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dimension (not shown) normal to the direction of measurement of the major
dimension 150 may be about 60 mm to about 65 mm. The opening 130 shown in
Figure 1B may be common to all openings 130 in the mask screen 104. Further, as
only two sidewalls are shown, the profile of the sides may be the same for all four

sides.

[0025] Figure 1C is an enlarged view of a portion of the opening 130 of Figure 1B.
The coating 125 is clearly shown in cross-section on the mask screen 104. A
thickness of the coating 125 may be about 1 micron (um) to about 5 ym, such as
about 1 ym to about 5 pym, or greater. In some embodiments, the coating 125 may
include an oxide material including aluminum oxide (Al,Os), yttrium oxide (Y.0s), or
combinations thereof (among other oxides), disposed on a Ni:Fe material (i.e., the
body of the mask screen 104). In other embodiments, the coating 125 may include a
Ni layer disposed on a Ni:Fe material (i.e., the body of the mask screen 104). While
not shown, the coating 125 may cover all the surfaces of the mask screen 104 as
well as exposed surfaces of the opening(s) 130. Additionally, while not shown, the
coating may cover all exterior and/or exposed surfaces of the mask frame 102,

including holes or depressions formed thereon or therein.

[0026] The coating 125, when metallic, may be formed by electroless deposition
or plating techniques, electrolytic plating techniques, or a combination thereof, as
well as other suitable deposition or plating technique. The coating 125 may
comprise Ni, Ni:Co, or other Ni alloy in some embodiments. In other embodiments,
the coating 125 may comprise a metal from the platinum-group elements, such as
ruthenium (Ru), rhodium (Rh), or palladium (Pd), among others. In other
embodiments, gold (Au), or other metals that are resistant to fluorine containing
gases, may be used for the coating 125. The coating 125, when oxide, may be

formed by any suitable deposition technique.

[0027] Figure 2 is a plan view of another embodiment of a mask assembly 200.
The mask assembly 200 includes another embodiment of a mask screen 104 having
one or more screen sections 205A and 205B coupled to an interior edge 120 of the
mask frame 102. A rectangular strip 210 may be used to separate the screen
sections 205A and 205B. The strip 210 may be an integral part of the mask frame
102 or be coupled to the mask frame 102 via fasteners or welding. The strip 210
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may be made of the same materials as the mask frame 102 and the mask screen
104. The strip 210 may also be used to couple interior edges 215 of the screen
sections 205A and 205B to the mask frame 102. For example, the interior edges
215 of the screen sections 205A and 205B may be coupled to the strip 210 by
fasteners or welding. The strip 210 may be utilized to enlarge the dimensions of the
mask assembly 200 such that a length or width thereof may permit use thereof on
substrates having larger surface areas. The strip 210 may alternatively be utilized to
minimize the surface area of the screen sections 205A and 205B, which may provide
simpler fabrication and coating of the screen sections 205A and 205B. Although
only one strip 210 and two screen sections 205A and 205B are shown, the mask
assembly 200 may include multiple strips similar to the strip 210 to facilitate
attachment of more than two, or smaller, mask sections. In some embodiments,
when multiple screen sections are utilized with a single mask frame 102, the strip
210 (or multiple strips) is not utilized. Instead, the screen sections may be fastened
to each other, such as by welding each of the interior edges of the screen sections to
each other. Exterior portions of the screen sections not coupled to each other may

then be fastened to the mask frame 102.

[0028] The mask frame 102 may include one or more indexing features 220
formed thereon. For example, the minor sides 110 may include a plurality of
indexing features 220 formed in a surface thereof. The major sides 105 may also

include the indexing features 220.

[0029] Figures 3-5 are cross-sectional views of portions of the mask assembly
200 of Figure 2. Figure 3 is a cross-sectional view of a portion of the mask assembly
200 along lines 3-3 of Figure 2. Figure 4 is a cross-sectional view of a portion of the
mask assembly 200 along lines 4-4 of Figure 2. Figure 5 is a cross-sectional view of

a portion of the mask assembly 200 along lines 5-5 of Figure 2.

[0030] The mask frame 102 includes a body 300 made of a low CTE material as
described above. The body 300 also includes a first surface 305 and a second
surface 310 that is opposite the first surface 305. The second surface 310 is
adapted to contact a surface of a chamber component (not shown) during

processing, such as a substrate support or a susceptor. A plane of the mask screen
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104 is offset from a plane of both of the first surface 305 and the second surface
310, and the second side 140 is adapted to contact a substrate during processing.

[0031]  As mentioned above, the second surface 310 of the mask frame 102
includes a one or more indexing features 220, such as depressions or blind holes
formed therein. For example, the major sides 105 include a plurality of first
depressions 320 and 325, and the minor sides 110 include a plurality of second
depressions 330. One of the first depressions 320 comprises a trapezoidal feature
335. Another of the first depressions 320 comprises a triangular feature 340. Each
of the second depressions 330 may comprise a rectangular feature 345. When the
mask frame 102 is coated as described herein, all of the surfaces of the indexing
features 220 include the coating 125.

[0032] Figure 6 is a schematic cross-sectional view of a CVD apparatus 600
according to one embodiment wherein a mask assembly 601 may be used to deposit
an encapsulation layer on a substrate. The mask assembly 601 may be either one

of the mask assembly 100 of Figure 1 or the mask assembly 200 of Figure 2.

[0033] The CVD apparatus 600 includes a chamber body 602 having an opening
604 through one or more walls to permit one or more substrates 606 and the mask
assembly 601 to be inserted therein. The substrate 606, during processing, is
disposed on a substrate support 610 opposite a diffuser 612. The diffuser 612
includes one or more openings 614 formed therethrough to permit processing gas to

enter a processing space 616 between the diffuser 612 and the substrate 606.

[0034] The substrate 606 may be used to form an OLED display where OLED(s)
are formed on the surface of the substrate 606 by sequential deposition processes.
The substrate 606 may be used to form a single display or multiple displays, and
each display includes a plurality of OLEDs coupled to an electrical contact layer

formed about a perimeter of each display.

[0035] During manufacture, the OLED portion of each display is encapsulated in
one or more layers comprising silicon nitride, aluminum oxide, and/or a polymer to
protect the OLEDs from the environment. The encapsulation material may be
deposited by CVD and the mask assembly 601 is used to shield the electrical

contact layer during deposition of the encapsulation material. The mask assembly
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601 includes a mask frame 102 that shields the electrical contact layer during CVD

processes.

[0036] For processing, the mask assembly 601 is initially inserted into the
apparatus 600 through the opening 604 and disposed upon multiple motion
alighment elements 622. The substrate 606 is then inserted though the opening 604
and disposed upon multiple lift pins 624 that extend through the substrate support
610. The substrate support 610 then raises to meet the substrate 606 so that the
substrate 606 is disposed on the substrate support 610. The substrate 606 is
aligned while on the substrate support 610.

[0037] Once the substrate 606 is aligned on the substrate support 610, one or
more visualization systems 626 determine whether the mask assembly 601 is
properly aligned over the substrate 606. If the mask assembly 601 is not properly
aligned, then one or more actuators 628 move one or more motion alignment
elements 622 to adjust the location of the mask assembly 601. The one or more

visualization systems 626 then recheck the alignment of the mask assembly 601.

[0038] Once the mask assembly 601 is properly aligned over the substrate 606,
the mask assembly 601 is lowered onto the substrate 606, and then the substrate
support 610 raises on a stem 630 until a shadow frame 632 contacts the mask
assembly 601. The shadow frame 632, prior to resting on the mask assembly 601,
is disposed in the chamber body 602 on a ledge 634 that extends from one or more
interior walls of the chamber body 602. The substrate support 610 continues to rise
until the substrate 606, mask assembly 601 and shadow frame 632 are disposed in
the processing position opposite the diffuser 612. Processing gas is then delivered
from one or more gas sources 636 through an opening formed in a backing plate 638
while an electrical bias is provided to the diffuser 612 to form a plasma in the
processing space 616 between the diffuser 612 and the substrate 606. The
processing space 616 may also be cleaned periodically by providing a plasma from a
remote plasma system 618 to the interior of the chamber body 602. The remote
plasma system 618 may be coupled to a cleaning gas source 620, which consists of
fluorine containing gases. Temperatures during processing and/or cleaning may be

about 80 degrees Celsius (°C) to about 100 °C, or greater.
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[0039] A mask assembly for a deposition process is provided. The mask
assemblies 100, 200 and 601 as described herein provide a longer lifetime as well
as reduced particle generation, which increases yield and minimizes cost of
ownership. Embodiments of the mask assemblies 100, 200 and 601 with the coating
125 as described herein prevent reactions with fluorine chemistries which minimizes
particle generation and maintains integrity of the portions of the mask assemblies
100, 200 and 601 having the coating 125. Embodiments of the mask assemblies
100, 200 and 601 with the coating 125 as described herein has been shown to
double, triple or even quadruple lifetimes of the mask assemblies 100, 200 and 601.

[0040] While the foregoing is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing
from the basic scope thereof. Therefore, the scope of the present disclosure is

determined by the claims that follow.
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WE CLAIM:

1. A mask assembly, comprising:

a mask frame and a mask screen, both of the mask frame and the mask

screen made of a metallic material; and

a metal coating disposed on exposed surfaces of one or both of the mask

frame and the mask screen.

2. The mask assembly of claim 1, wherein the metallic material comprise a

nickel:iron alloy.

3. The mask assembly of claim 2, wherein the metal coating comprises a nickel
material.
4. The mask assembly of claim 2, wherein the metal coating comprises a metal

selected from platinum-group elements.

5. The mask assembly of claim 2, wherein the metal coating is selected from the

group consisting of a nickel alloy, ruthenium, rhodium, palladium and gold.

6. The mask assembly of claim 1, wherein the metal coating comprises a

thickness of about 1 micron to about 35 microns.

7. The mask assembly of claim 1, wherein the metallic material comprises a

metal having a low coefficient of thermal expansion.

8. The mask assembly of claim 7, wherein the metal coating comprises a nickel
material.
9. The mask assembly of claim 7, wherein the metal coating comprises a metal

selected from platinum-group elements.
10. A mask assembly, comprising:

a mask frame and a mask screen, both of the mask frame and the mask
screen made of a metallic material having a low coefficient of thermal expansion;

and
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an oxide coating disposed on exposed surfaces of one or both of the mask

frame and the mask screen.

11. The mask assembly of claim 10, wherein the metallic material comprise a

nickel:iron alloy.

12. The mask assembly of claim 11, wherein the oxide coating comprises

aluminum oxide.

13.  The mask assembly of claim 11, wherein the oxide coating comprises yttrium

oxide.

14.  The mask assembly of claim 10, wherein the oxide coating comprises a

thickness of about 1 micron to about 5 microns.
15. A mask assembly, comprising:

a mask frame and a mask screen, both of the mask frame and the mask

screen made of a nickel:iron alloy having a low coefficient of thermal expansion; and

a metal coating disposed on exposed surfaces of one or both of the mask
frame and the mask screen, wherein the mask screen includes a plurality of
openings and each opening comprises a tapered sidewall that slopes inwardly from

a first side to a second side of the mask screen.
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