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(7) ABSTRACT

An organic light-emitting diode (OLED) display includes: a
substrate on which an organic light-emitting element is
formed; an organic light-emitting element on a substrate; a
first inorganic layer on the organic light-emitting element and
made substantially of hydrogenated silicon nitride (SiN_:H);

(22)  Filed: Jul. 28, 2015 an organic layer on a portion of the first inorganic layer; and
. L . a second inorganic layer on and completely covering the
(30) Foreign Application Priority Data organic layer. Edges of the second inorganic layer come in
Jul. 29,2014 (KR) v 10-2014-0096556 ~ contact with the first inorganic layer. A ratio of a number of
’ oxygen atoms to silicon atoms contained in the first inorganic
Publication Classification layer ranges from 0.12 to 0.19, and a ratio of a number of
nitrogen atoms to silicon atoms contained in the first inor-
(51) Imt.ClL ganic layer ranges from 0.9 to 1.5. The first inorganic layer
HOIL 51/52 (2006.01) and the second inorganic layer have substantially the same
HOIL 51/56 (2006.01) composition.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Thisapplication claims the priority of Korean Patent
Application No. 10-2014-0096556 filed on Jul. 29, 2014, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present disclosure relates to an organic light-

emitting diode (OLED) display and a method of manufactur-
ing the same. More particularly, the present disclosure relates
to an OLED display capable of reducing bubbles (foams) in
an interface between an upper inorganic layer and a lower
inorganic layer, and a method of manufacturing the same.
[0004] 2. Description of the Related Art

[0005] An organic light-emitting diode (OLED) display is
capable of producing light on its own and thus does not
require an additional light source, unlike liquid crystal dis-
plays (LCDs). Therefore, OLED displays can be made lighter
and thinner than LCDs. Further, an OLED display has advan-
tages in that it is driven with low voltage to consume less
power, and is capable of reproducing vivid colors, has a fast
response time, wide viewing angle and infinite contrast ratio
(CR). For these reasons, an OLED display is currently under
development as the next generation display device.

[0006] OLED displays employ a light-emitting layer made
of an organic material and thus are very sensitive to moisture,
oxygen and etc. Accordingly, in order to suppress oxygen and
moisture permeation into the organic light-emitting layer,
various techniques for sealing or encapsulating an organic
light-emitting element are used.

[0007] For a top-emission OLED display in which light
generated in an organic light-emitting layer is emitted toward
the top direction, a sealing element is required to have a
certain degree of transparency. Accordingly, glass is typically
used as the sealing element since it is easily available and has
high transparency. However, as flexible OLED displays pre-
vail in recent years, there have been attempts to replace glass
having low flexibility with an inorganic layer as the sealing
element.

[0008] Although a thin, single inorganic layer has high
transparency and flexibility, cracks or other defects may
occur if the inorganic layer is repeatedly bent. Since moisture
may permeate through cracks created in the inorganic layer,
the single inorganic layer cannot effectively suppress mois-
ture from permeating the organic light-emitting layer.

[0009] To overcome this shortcoming, a thin film encapsu-
lation technique in which inorganic layers and organic layers
are alternately stacked on one another to seal the organic
light-emitting element has been proposed. According to the
thin film encapsulation technique, an organic layer for com-
pensation of cracks caused by bending, stress, foreign matter,
etc. and forleveling step differences is formed on an inorganic
layer, and then another inorganic layer is formed on the
organic layer. Since an organic layer cannot effectively sup-
press moisture permeation, edges of an upper inorganic layer
come in contact with a lower inorganic layer such that the
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upper inorganic layer completely covers the organic layer,
thereby suppressing moisture from permeating the organic
layer.

[0010] As a material for inorganic layers in the thin film
encapsulation technique, silicon nitride (SiN) has been com-
monly used. However, in order to improve performance char-
acteristics of top-emission OLED displays, inorganic layers
having better barrier property and high transparency foruse in
the thin film encapsulation technique need to be developed.

SUMMARY

[0011] Theinventors of the present disclosure have noticed
that performance characteristics of OLED displays, espe-
cially top-emission OLED displays can be improved by form-
ing inorganic layers for use in thin film encapsulation with
hydrogenated silicon nitride (SiN,:H}), in which hydrogen is
included in silicon nitride. The inventors of the present dis-
closure realized that hydrogenated silicon nitride has better
barrier properties and higher transparency compared to other
materials. Manufacturing an upper inorganic layer and a
lower inorganic layer with hydrogenated silicon nitride
(SiN_:H), however, results in undesired bubbles (or other air
pockets) being created at an interface (adhesive surface)
between the upper inorganic layer and the lower inorganic
layer. Such bubbles cause the adhesion between the upper
inorganic layer and the lower inorganic layer to become
weak, resulting in so-called blistering. As a result, moisture
and oxygen may easily permeate into OLED displays.
[0012] The inventors of the present disclosure have studied
techniques for reducing such bubbles created at the interface
between the upper and lower inorganic layers made of hydro-
genated silicon nitride (SiN,:H). As a result, they have found
out that bubbles created at the interface between the upper and
lower inorganic layers can be reduced by appropriately
adjusting various ratios of components contained in the upper
and lower inorganic layers within particular ranges.

[0013] In view of the above, an object of the present dis-
closure is to provide an OLED display capable of reducing
bubbles at an interface between an upper inorganic layer and
a lower inorganic layer, and a method of manufacturing the
same.

[0014] Another object of the present disclosure is to pro-
vide an OLED display having good adhesion strength
between an upper inorganic layer and a lower inorganic layer,
and a method of manufacturing the same.

[0015] Yet another object of the present disclosure is to
provide an OLED display including a sealing element having
high reliability and transparency, and a method of manufac-
turing the same.

[0016] It should be noted that objects of the present disclo-
sure are not limited to the above-described objects, and other
objects of the present disclosure will be apparent to those
skilled in the art from the following descriptions.

[0017] According to an aspect of the present disclosure,
there is provided an organic light-emitting diode (OLED)
display, including: an organic light-emitting element on a
substrate; a first inorganic layer on the organic light-emitting
element and made substantially of hydrogenated silicon
nitride (SiN,:H); an organic layer on a portion of the first
inorganic layer; and a second inorganic layer on and com-
pletely covering the organic layer. Edges of the second inor-
ganic layer come in contact with the first inorganic layer. A
ratio of a number of oxygen atoms to silicon atoms contained
in the first inorganic layer ranges from 0.12t00.19, and a ratio
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of a number of nitrogen atoms to silicon atoms contained in
the first inorganic layer ranges from 0.9 to 1.5. The first
inorganic layer and the second inorganic layer have substan-
tially the same composition. The OLED display can suppress
bubbles from being created at the interface between the first
inorganic layer and the second inorganic layer, reducing
moisture and oxygen permeation into the organic light-emit-
ting element.

[0018] The first inorganic layer and the second inorganic
layer each may have a thickness between 5,000 A (A=0.1 nm)
and 15,000 A.

[0019] The first inorganic layer and the second inorganic
layer each may have a transparency between 90% and 99.9%.
[0020] The first inorganic layer and the second inorganic
layer each may have an etch rate ranging from 400 nm/min to
700 nm/min in a hydrofluoric solution in which hydrofluoric
acid (HF) and water are mixed at the ratio of 1:6.

[0021] A ratio of silicon-hydrogen bonds to nitrogen-hy-
drogen bonds (Si—H/N—H) contained in each of the first
inorganic layer and the second inorganic layer may range
from 0.6 to 0.75.

[0022] An adhesion length between an edge of the second
inorganic layer and an edge of the first inorganic layer may be
at least 50 um.

[0023] The organic layer may have a thickness between 5
pm and 30 um.
[0024] The organic layer may be made of an acryl-based

resin or an epoxy-based resin.

[0025] The substrate may be a flexible substrate.

[0026] The OLED display may be a top-emission OLED
display.

[0027] According to another aspect of the present disclo-

sure, there is provided a method of manufacturing an organic
light-emitting diode (OLED) display, the method including:
forming an organic light-emitting element on a substrate;
forming a first inorganic layer made substantially of hydro-
genated silicon nitride (SiN,:H) on the organic light-emitting
element; forming an organic layer on a part of the first inor-
ganic layer; and forming a second inorganic layer on the
organic layer such that it completely covers the organic layer.
Edges of the second inorganic layer are in contact with the
first inorganic layer. A ratio of a number of oxygen atoms to
silicon atoms contained in the first inorganic layer ranges
from 0.12 to 0.19, and a ratio of a number of nitrogen atoms
to silicon atoms contained in the first inorganic layer ranges
from 0.9 to 1.5. The first inorganic layer and the second
inorganic layer have substantially the same composition.
According to the method of manufacturing an OLED display,
asealing element having high reliability and transparency can
be provided.

[0028] Each of the first inorganic layer and the second
inorganic may be formed at a temperature between 70° C. and
110° C.

[0029] Each of the first inorganic layer and the second
inorganic may be formed by plasma-enhanced chemical
vapor deposition (PECVD).

[0030] Each of the first inorganic layer and the second
inorganic may be formed at a pressure between 10~* Torr and
107 Torr.

[0031] The forming the first organic layer and the forming
of the second organic layer each may include: supplying a
silane (SiH,) gas and an ammonia (NH,) gas onto the organic
light-emitting element; and converting the silane (SiH,) gas
and the ammonia (NH;) gas into plasma.
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[0032] The supplying of the silane (SiH,) gas and the
ammonia (NH;) gas may include supplying a nitrogen (N,)
gas.

[0033] Each of the ratio of oxygen to silicon contained in
the first inorganic layer and the ratio of nitrogen to silicon
contained in the first inorganic layer may be adjusted by
adjusting a ratio of the ammonia (NH;) gas to the silane
(SiH,) gas supplied onto the organic light-emitting element.
[0034] Oxygen (O, ) contained in each of the first inorganic
layer and the second inorganic layer may be derived from
ambient air.

[0035] Particulars of various exemplary embodiments of
the present disclosure are included in the detailed description
and the accompanying drawings.

[0036] According to the present disclosure, it is possible to
reduce bubbles in an interface between an upper inorganic
layer and a lower inorganic layer by limiting a ratio of the
number of oxygen atoms to silicon atoms and a ratio of the
number of nitrogen atoms to silicon atoms contained in the
upper inorganic layer and the lower inorganic layer.

[0037] According to the present disclosure, it is possible to
suppress moisture and oxygen from permeating through an
interface between an upper inorganic layer and a lower inor-
ganic layer, while allowing for high transparency and flex-
ibility of the upper inorganic layer and the lower inorganic
layer.

[0038] It should be noted that effects of the present disclo-
sure are not limited to the above-described effects, and other
effects of the present disclosure will be apparent to those
skilled in the art from the following descriptions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] The above and other aspects, features and other
advantages of the present disclosure will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0040] FIG. 1is a schematic cross-sectional view of a top-
emission OLED display according to an exemplary embodi-
ment of the present disclosure;

[0041] FIG.2isanenlarged cross-sectional view of portion
A' of the OLED display shown in FIG. 1,

[0042] FIG. 3 is a flowchart for illustrating a method of
manufacturing an OLED display according to an exemplary
embodiment of the present disclosure;

[0043] FIG. 4is a table comparing composition of first and
second inorganic layers according to an exemplary embodi-
ment of the present disclosure with composition of first and
second inorganic layers according to a Comparative
Example;

[0044] FIG. 5A is a picture of an interface between a first
inorganic layer and a second inorganic layer according to an
exemplary embodiment of the present disclosure; and
[0045] FIG. 5B is a picture of an interface between a first
inorganic layer and a second inorganic layer according to a
Comparative Example.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0046] Advantages and features of the present disclosure
and methods to achieve them will become apparent from the
descriptions of exemplary embodiments herein below with
reference to the accompanying drawings. However, the
present disclosure is not limited to exemplary embodiments
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disclosed herein but may be implemented in various different
ways. The exemplary embodiments are provided for making
the disclosure of the present disclosure thorough and for fully
conveying the scope of the present disclosure to those skilled
in the art. It is to be noted that the scope of the present
disclosure is defined only by the claims.

[0047] The shapes, sizes, ratios, angles, numbers, and the
like illustrated in the accompanying drawings for describing
the exemplary embodiments of the present disclosure are
merely examples, and the present disclosure is not limited
thereto. Further, in the following description, a detailed
explanation of known related technologies may be omitted to
avoid unnecessarily obscuring the subject matter of the
present disclosure. The terms such as “including,” “having,”
and “consist of” used herein are generally intended to allow
other components to be added unless the terms are used with
the term “only”. Any references to singular may include plu-
ral unless expressly stated otherwise.

[0048] Components are interpreted to include an ordinary
error range even if not expressly stated.

[0049] When the position relation between two parts is
described using the terms such as “on”, “above”, “below”,
and “next”, one or more parts may be positioned between the
two parts unless the terms are used with the term “immedi-
ately” or “directly” is not used.

[0050] As used herein, a phrase “an element A on an ele-
ment B” refers to that the element A may be disposed directly
on the element B and/or the element A may be disposed
indirectly on the element B via another element C.

[0051] The terms first, second, third and the like in the
descriptions and in the claims are used for distinguishing
between similar elements and not necessarily for describing a
sequential or chronological order. These terms are used to
merely distinguish one element from another. Accordingly, as
used herein, a first element may be a second element within
the technical idea of the present disclosure.

[0052] Like reference numerals denote like elements
throughout the descriptions.

[0053] Thedrawings are notto scaleand the relative dimen-
sions of various elements in the drawings are depicted sche-
matically and not necessarily to scale.

[0054] Features of various exemplary embodiments of the
present disclosure may be combined partially or totally. As
will be clearly appreciated by those skilled in the art, techni-
cally various interactions and operations are possible. Various
exemplary embodiments can be practiced individually or in
combination.

[0055] Hereinafter, exemplary embodiments of the present
disclosure will be described in detail with reference to the
accompanying drawings.

[0056] FIG. 1 is a schematic cross-sectional view of atop-
emission OLED display according to an exemplary embodi-
ment of the present disclosure. FIG. 2 is an enlarged cross-
sectional view of portion A' of the OLED display shown in
FIG. 1.

[0057] Referring to FIGS. 1 and 2, an OLED display 100
includes a substrate 110, an organic light-emitting element
120, a first inorganic layer 130, an organic layer 140, a second
inorganic layer 150, an adhesive layer 160 and a barrier layer
170.

[0058] The substrate 110 is an element for supporting and
protecting a variety of elements of the OLED display 100.
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The substrate 110 may be a flexible substrate which is bend-
able and may be made of a polyimide-based material, for
example.

[0059] As shown in FIG. 1, the organic light-emitting ele-
ment 120 is disposed on the substrate 110. The organic light-
emitting element 120 may include elements such as an anode,
an organic light-emitting layer, a cathode, etc.

[0060] As shown in FIG. 1, the first inorganic layer 130 is
formed on the organic light-emitting element 120. The first
inorganic layer 130 completely covers the organic light-emit-
ting element 120. The first inorganic layer 130 has barrier
properties so that it can protect the organic light-emitting
element 120 from moisture or oxygen permeating into the
OLED display 100.

[0061] Thefirstinorganic layer 130 is made substantially of
hydrogenated silicon nitride (SiN_:H). The first inorganic
layer 130 may contain impurities such as oxygen (0,) in
addition to hydrogenated silicon nitride (SiN,:H). In terms of
numerical values, an element can be regarded as being made
substantially of hydrogenated silicon nitride (SiN,:H) if the
portion of the hydrogenated silicon nitride (SiN,:H) of the
element is 90 wt. % or more.

[0062] The ratio of oxygen to silicon contained in the first
inorganic layer 130 may be limited to 0.12 to 0.19, more
specifically 0.14 to 0.16. If the ratio of oxygen to silicon
contained in the firstinorganic layer 130 is less than 0.12, the
first inorganic layer 130 becomes yellowish, which results in
degraded optical transparency. Ifthe ratio of oxygen to silicon
contained in the first inorganic layer 130 is greater than 0.19,
bubbles (or other types of air pockets) are created at the
interface between the first inorganic layer 130 and the second
inorganic layer 150.

[0063] The ratio of mtrogen to silicon contained in the first
inorganic layer 130 may be limited to 0.9 to 1.5, more spe-
cifically from 1.1 to 1.3. If the ratio of nitrogen to silicon
contained in the first inorganic layer 130 is less than 0.9, the
first inorganic layer 130 becomes yellowish, which results in
degraded optical transparency. If the ratio of nitrogen to sili-
con contained in the first inorganic layer 130 is greater than
1.5, the first inorganic layer 130 becomes porous, which
causes moisture and oxygen to possibly permeate into the
organic light-emitting element 120 through the holes at the
first inorganic layer 130 more easily.

[0064] Herein, the ratio of oxygen to silicon and the ratio of
nitrogen to silicon are defined by numbers of the atoms, rather
than by weight or volume. The numbers of the atoms of
silicon, oxygen and nitrogen contained in the first inorganic
layer 130 may be measured by using X-ray photoelectron
spectroscopy (XPS), for example.

[0065] In addition, the ratio of oxygen to silicon and the
ratio of nitrogen to silicon are analyzed from the bulk of the
first inorganic layer 130, not from the surface of the first
inorganic layer 130 exposed to ambient air. This is because
the number of oxygen and nitrogen atoms in the data analyzed
from the surface of the first inorganic layer 130 exposed to
ambient air is less reliable. Assuming that the first inorganic
layer 130 has the thickness of 10,000 A, the surface of the first
inorganic layer 130 may be defined as a part having a thick-
ness of 300 A from the surface exposed to ambient air, and the
bulk of the first inorganic layer 130 may be defined as the
remaining portions thereof.

[0066] That is, the first inorganic layer 130 is made sub-
stantially of hydrogenated silicon nitride (SiN_:H) and has a
ratio of oxygen to silicon between 0.12 and 0.19 and a ratio of
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nitrogen to silicon between 0.9 and 1.5. Accordingly, the first
inorganic layer 130 may have a high transparency, e.g., from
90% to 99.9% with respect to the visible wavelength range.
As used herein, transparency of an element is defined as a
ratio of the amount of light passing through the element to the
amount of light incident on the element. High transparency of
the first inorganic layer 130 allows the light generated in the
organic light-emitting element 130 to be emitted outside the
OLED display 100.

[0067] The first inorganic layer 130 is not porous but is
densely composed, so that it may have a low etch rate. Spe-
cifically, the first inorganic laver 130 may have an etch rate
ranging from 400 nm/min to 700 nm/min, more specifically
500 nm/min to 600 nm/min in a hydrofluoric solution in
which hydrofluoric acid (HF) and water are mixed at the ratio
of 1:6. A lower etch rate of the first inorganic layer 130 may
mean that the first inorganic layer 130 has higher reliability,
i.e.,itis possible to effectively suppress moisture and oxygen
from permeating the organic light-emitting layer 120 through
the first inorganic layer 130.

[0068] A ratio of silicon-hydrogen bonds to nitrogen-hy-
drogen bonds contained in the first inorganic layer 130 (Si—
H/N—H) may range from 0.6 to 0.75, more specifically 0.69
t0 0.74. Since the first inorganic layer 130 has a relatively high
rate of silicon-hydrogen bonds to nitrogen-hydrogen bonds
(Si—H/N—H), the possibility that bubbles are created at the
interface between the first inorganic layer 130 and the second
inorganic layer 150 can be lowered. The rate of silicon-hy-
drogen bonds to nitrogen-hydrogen bonds (Si—H/N—H) is
also defined by the number of the bonds.

[0069] The first inorganic layer 130 may have a thickness
between 5,000 A and 15,000 A, more specifically 10,000 A.
[0070] The first inorganic layer 130 may be formed at a
temperature between 70° C. to 110° C., more specifically 80°
C.to 100° C.If thefirst inorganiclayer 130 is formed at a high
temperature, the organic light-emitting layer composed of an
organic material may be damaged due to the high tempera-
ture.

[0071] The first inorganic layer 130 may be formed by
plasma-enhanced chemical vapor deposition (PECVD).
Since the plasma-enhanced chemical vapor deposition
(PECVD) can be performed at a low temperature, it is pos-
sible to avoid the organic light-emitting layer from being
exposed to a high temperature.

[0072] The first inorganic layer 130 may be formed in a
vacuum environment at a low pressure, e.g., between 107"
Torr and 107> Torr, more specifically between 1072 Torr and
10~* Torr.

[0073] As shown in FIGS. 1 and 2, the organic layer 140 is
formed on a part of the first inorganic layer 130. Specifically,
the organic layer 140 is positioned at the center portion of the
first inorganic layer 130 as a single layer, and not positioned
atedges of the first inorganic layer 130. The organic layer 140
may level unevenness or steps of the first inorganic layer 130
and may compensate for cracks caused by foreign matter, etc.
[0074] The organic layer 140 may be made of an acryl-
based resin or an epoxy-based resin. But the present disclo-
sure is not limited to the materials of the organic layer 140. In
order to effectively compensate for cracks created by foreign
matter, etc., the organic layer 140 may have a viscosity
between 500 centipoises (cps) and 30,000 cps, more specifi-
cally between 2,000 cps and 4,000 cps.

[0075] Theorganic layer 140 may further include a wetting
agent (or other material that serves the same purpose) for
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reducing a surface tension of the organic layer 140 for
improving uniformity, a leveling agent for improving the
surface evenness of the organic layer 140, and a defoaming
agent for removing foam in the organic layer 140, as the
additive agents.

[0076] The organic layer 140 may have a thickness from 5
pm to 30 pm, more specifically 20 pm.

[0077] In order to avoid the organic light-emitting layer
made of an organic material from being damaged due to a
high temperature, the organic layer 140 may be formed at the
temperature of 110° C. or below.

[0078] As shown in FIGS. 1 and 2, the second inorganic
layer 150 is formed on the organic layer 140 so that it com-
pletely covers the organic layer 140. Similarly to the first
inorganic layer 130, the second inorganic layer 150 has bar-
rier properties so that it can protect the organic light-emitting
element 120 from moisture or oxygen permeating into the
OLED display 100.

[0079] The second inorganic layer 150 may have substan-
tially the same composition as the firstinorganic layer 130. As
used herein, the phrase that the second inorganic layer 150 has
substantially the same composition as the first inorganic layer
130 means not only that the second inorganic layer 150 and
the first inorganic layer 130 have the completely same com-
position but also that the second inorganic layer 150 and the
first inorganic layer 130 have the same composition within a
process error margin. For example, the second inorganic layer
150 can be regarded as having substantially the same compo-
sition as the first inorganic layer 130 if the second inorganic
layer 150 has a composition with a deviation of +10% from a
composition of the first inorganic layer 130.

[0080] Since the second inorganic layer 150 has substan-
tially the same composition as the first inorganic layer 130,
the second inorganic layer 150 and the first inorganic layer
130 have substantially the same chemical and physical char-
acteristics. Specifically, the second inorganic layer 150 may
be made substantially of hydrogenated silicon nitride (SiN,:
H) and may have an etch rate ranging from 400 nm/min to 700
nm/min in a hydrofluoric solution in which hydrofluoric acid
(HF) and water are mixed at the ratio of 1:6. In addition, the
ratio of oxygen to silicon contained in the second inorganic
layer 150 is limited to 0.12 to 0.19. The ratio of nitrogen to
silicon contained in the second inorganic layer 150 is limited
t0 0.9 to 1.5. The ratio of silicon-hydrogen bonds to nitrogen-
hydrogen bonds contained in the second inorganic layer 150
(Si—H/N—H) may range from 0.6 to 0.75.

[0081] Similar to the first inorganic layer 130, the second
inorganic layer 150 may have a thickness between 5,000 A
and 15,000 A, may be formed at a temperature between 70° C.
to 110° C., may be formed by plasma-enhanced chemical
vapor deposition (PECVD), and may be formed in a vacuum
environment at a low pressure, e.g., between 10~ Torr and
107 Torr.

[0082] As shown in FIGS. 1 and 2, the edges of the second
inorganic layer 150 are in contact with the first inorganic layer
130. Specifically, as the second inorganic layer 150 is formed
on the organic layer 140 so that it completely covers the
organic layer 140, the edges of the second inorganic layer 150
that do not cover the organic layer 140 are in contact with the
first inorganic layer 130. The edges of the second inorganic
layer 150 are in contact with and are attached to the first
inorganic layer 130 with adhesion strength.

[0083] Improper adhesion strength between the first inor-
ganic layer 130 and the second inorganic layer 150 may
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seriously affect the performance of suppressing moisture and
oxygen permeation by the first inorganic layer 130 and the
second inorganic layer 150. If the adhesion strength between
the first inorganic layer 130 and the second inorganic layer
150 becomes weak, so-called blistering may occur between
the first inorganic layer 130 and the second inorganic layer
150, resulting in moisture and oxygen being easily permeated
between the first inorganic layer 130 and the second inorganic
layer 150.

[0084] If the first inorganic layer 130 and the second inor-
ganic layer 150 are made substantially of hydrogenated sili-
con nitride (SiN,:H) and the edges of the second inorganic
layer 150 are in contact with the first inorganic layer 130,
bubbles (or other types of air pockets) may be easily created
at the interface between the first inorganic layer 130 and the
second inorganic layer 150. Bubbles created at the interface
between the first inorganic layer 130 and the second inorganic
layer 150 make the adhesive strength weak. Accordingly, it is
necessary to suppress such bubbles.

[0085] According to the present disclosure, it is possible to
suppress bubbles at the interface between the first inorganic
layer 130 and the second inorganic layer 150 while achieving
good transparency of the first inorganic layer 130 and the
second inorganic layer 150, by way of appropriately adjusting
the ratio of oxygen to silicon contained in each of the first
inorganic layer 130 and the second inorganic layer 150to0 0.12
to 0.19, and appropriately adjusting the ratio of nitrogen to
silicon contained in each of the first inorganic layer 130 and
the second inorganic layer 150 to 0.9 to 1.5 Accordingly, it is
possible to effectively suppress moisture and oxygen from
permeating through the first inorganic layer 130 and the sec-
ond inorganic layer 150, so that defects of the OLED display
100 can be reduced. In addition, transparent, flexible OLED
displays can be implemented easily.

[0086] The adhesion length L1 (i.e. a region where adhe-
sion occurs) of the first inorganic layer 130 and the second
inorganic layer 150 may be at least 50 um. The organic layer
140 can be more securely sealed by the first inorganic layer
130 and the second inorganic layer 150 when the adhesion
length L1 is 50 pm or greater, such that moisture cannot
directly permeate the organic layer 140.

[0087] Asshown in FIGS. 1 and 2, the adhesive layer 160 is
formed on the second inorganic layer 150. The adhesive layer
160 serves to attach the barrier layer 170 to the second inor-
ganic layer 150. The adhesive layer 160 may be made of a
transparent, flexible material, e.g., an insulative material
selected from an olefin-based material, an acryl-based mate-
rial and a silicon-based material.

[0088] As shown in FIG. 1, the barrier layer 170 is formed
on the adhesive layer 160. The barrier layer 170 suppresses
moisture and oxygen from permeating the organic light-emit-
ting element 120. The barrier layer 170 may be made of
copolyester thermoplastic elastomer (COP), cycoolefin
copolymer (COC), polycarbonate (PC), etc., such that it can
be attached to the second inorganic layer 150 via the adhesive
layer 160 by a simple pressing process, without performing a
vacuum process such as a chemical vapor deposition (CVD)
process and an atomic layer deposition (ALD) process. It is
advantageous for flexible OLED displays to employ the bar-
rier layer 170 in that good barrier properties can be achieved
with a smaller number of inorganic layers for use in the thin
film encapsulation.
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[0089] Thin-film transistors for controlling voltages (or
current) to the organic light-emitting element 120 may be
further formed on the substrate 110.

[0090] FIG. 3 is a flowchart for illustrating a method of
manufacturing an OLED display according to an exemplary
embodiment of the present disclosure.

[0091] Referring to FIG. 3, an organic light-emitting ele-
ment 1s formed on a substrate (S310).

[0092] Prior to forming the organic light-emitting element,
thin-film transistors may be formed on the substrate.

[0093] Subsequently. referring to FIG. 3, a first inorganic
layer made substantially of hydrogenated silicon nitride
(SiN,:H) is formed on the organic light-emitting element
(5320).

[0094] The ratio of oxygen to silicon contained in the first
inorganic layer 130 is limited to 0.12 to 0.19. The ratio of
nitrogen to silicon contained in the first inorganic layer 130 is
limited t0 0.9 to 1.5.

[0095] The first inorganic layer may be formed by plasma-
enhanced chemical vapor deposition (PECVD) at a low tem-
perature. Specifically, the first inorganic layer may be formed
by supplying a silane (SiH,) gas and an ammonia (NH,) gas
onto the organic light-emitting element in a chamber, and
applying power to convert the silane (SiH,) gas and the
ammonia (NH;) gas into plasma. In doing so, a nitrogen (N,)
gas may be used as a carrier gas for transferring the silane
(SiH,) gas and the ammonia (NH;) gas into the chamber. In
addition, the first inorganic layer may be formed at a tempera-
ture between 70° C. and 130° C. The power supplied may
range from 2,000 W to 2,500 W. The pressure may range from
0.5 Torr to 1 Torr.

[0096] If the first inorganic layer is formed using a silane
(SiH,) gas and an ammonia (NH;) gas, by adjusting the ratio
of the ammonia (NH,) gas to the silane (SiH,) gas under a
specified pressure, e.g., the pressure of 107 Torr, the ratio of
oxygen to silicon contained in the first inorganic layer may be
limited to 0.12 to 0.19, and the ratio of nitrogen to silicon
contained in the first inorganic layer may be limited to 0.9 to
1.5. At this time, in the first inorganic layer made substantially
of hydrogenated silicon nitride (SiN,:H), silicon (Si) may be
derived from silane (SiH,), nitrogen (N) may be derived from
ammonia (NH;), and oxygen (O,) may be derived from ambi-
ent ai.

[0097] Subsequently. referring to FIG. 3, an organic layer is
formed on a part of the first inorganic layer (8330).

[0098] The organic layer may be formed using an inkjet
coating, a slit coating process or a screen printing process. In
addition, the temperature at which the organic layer is formed
may be controlled to be below 110° C.

[0099] Subsequently, referring to FIG. 3, a second inor-
ganic layer is formed on the organic layer so that it completely
covers the organic layer (S340).

[0100] In doing so, apart of the second inorganic layer
completely covers the organic layer, and the edges of the
second inorganic layer 150 that do not cover the organic layer
140 come in contact with the first inorganic layer 130.
[0101] The second inorganic layer has substantially the
same composition as the first inorganic layer. Accordingly,
the second inorganic layer may be formed by using the same
method used for forming the first inorganic layer described
above.

[0102] FIG. 4 is a table for comparing the compositions of
the first inorganic layer and the second inorganic layer
according to the exemplary embodiment of the present dis-
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closure with the compositions of a first inorganic layer and a
second inorganic layer according to a Comparative Example.
[0103] The first and second inorganic layers according to
the exemplary embodiment of the present disclosure and
those according to the Comparative Example all were made
substantially of hydrogenated silicon nitride (SiN:H), and
were produced by plasma-enhanced chemical vapor deposi-
tion (PECVD) with a silane (SiH,) gas and an ammonia
(NH,) gas as source gases at the pressure of 107> Torr.
[0104] The ratio of oxygen to silicon and the ratio of nitro-
gen to silicon shown in FIG. 4 were measured using an XPS.
The etch rate was measured for a hydrofluoric solution in
which hydrofluoric acid (HF) and water are mixed at the ratio
of 1:6. The ratio of silicon-hydrogen bonds to nitrogen-hy-
drogen bonds (Si—H/N—H) was measured using a Fourier
transform infrared spectrometer (FT-IR).

[0105] Referring to FIG. 4, the first and second inorganic
layers according to the exemplary embodiment of the present
disclosure have the ratio of oxygen to silicon of 0.15 and the
ratio of nitrogen to silicon of 1.20. In contrast, the first and
second inorganic layers according to the Comparative
Example have the ratio of oxygen to silicon of 0.10 and the
ratio of nitrogen to silicon of 0.80.

[0106] In addition, referring to FIG. 4, the first and second
inorganic layers according to the exemplary embodiment of
the present disclosure have the etch rate of 532 nm/min, while
the first and second inorganic layers according to the Com-
parative Example have the etch rate of 957 nm/min. It can be
seen from the comparison results that the first and second
inorganic layers according to the exemplary embodiment of
the present disclosure have thicker composition than those
according to the Comparative Example. Accordingly, it can
be seen that the exemplary embodiment can more effectively
suppress moisture and oxygen from permeating the organic
light-emitting element.

[0107] In addition, referring to FIG. 4, the first and second
inorganic layers according to the exemplary embodiment of
the present disclosure have the ratio of silicon-hydrogen
bonds to nitrogen-hydrogen bonds (Si—H/N—H) 0f0.72. In
contrast, the first and second inorganic layers according to the
Comparative Example have the ratio of silicon-hydrogen
bonds to nitrogen-hydrogen bonds (Si—H/N—H) of 0.57,
which is lower than that of the former.

[0108] FIG. 5A is a microscopic photo of the interface
between the first inorganic layer and the second inorganic
layer according to the exemplary embodiment of the present
disclosure. FIG. 5B is a microscopic photo of the interface
between the first inorganic layer and the second inorganic
layer according to the Comparative Example.

[0109] Asshownin FIGS.5A and 5B, a minimal number of
relatively small-sized bubbles exist in the interface between
the first and second inorganic layers according to the exem-
plary embodiment of the present disclosure, while an unde-
sirably high number of relatively large-sized bubbles exist in
the interface between the first and second inorganic layers
according to the Comparative Example. It can be seen from
the comparison results that the first and second inorganic
layers according to the exemplary embodiment of the present
disclosure are more securely attached to each other than those
according to the Comparative Example. Accordingly, the
former can more effectively suppress moisture and oxygen
from permeating the organic light-emitting element.

[0110] Thus far, exemplary embodiments of the present
disclosure have been described in detail with reference to the
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accompanying drawings. However, the present disclosure is
not limited to the exemplary embodiments, and modifications
and variations can be made thereto without departing from the
technical idea of the present disclosure. Accordingly, the
exemplary embodiments described herein are merely illustra-
tive and are not intended to limit the scope of the present
disclosure. The technical idea of the present disclosure is not
limited by the exemplary embodiments. Therefore, it should
be understood that the above-described embodiments are not
limiting but illustrative in all aspects. The scope of protection
sought by the present disclosure is defined by the appended
claims and all equivalents thereof are construed to be within
the true scope of the present disclosure.

What is claimed is:

1. An organic light-emitting diode (OLED) display, com-
prising:

an organic light-emitting element on a substrate;

a first inorganic layer on the organic light-emitting element
made substantially of hydrogenated silicon nitride
(SiN.:H);

an organic layer on a portion of the first inorganic layer; and

a second inorganic layer on and completely covering the
organic layer, wherein:

edges of the second inorganic layer are in contact with the
first inorganic layer;

a ratio of a number of oxygen atoms to silicon atoms
contained in the first inorganic layer ranges from 0.12 to
0.19, and aratio of a number of nitrogen atoms to silicon
atoms contained in the first inorganic layer ranges from
0910 1.5; and

the first inorganic layer and the second inorganic layer have
substantially the same composition.

2. The OLED display of claim 1, wherein the first inorganic
layer and the second inorganic layer each has a thickness
between 5,000 A and 15,000 A,

3. The OLED display of claim 2, wherein the first inorganic
layer and the second inorganic layer each has a transparency
between 90% and 99.9%.

4. The OLED display of claim 1, wherein the first inorganic
layer and the second inorganic layer each has an etch rate
ranging from 400 nm/min to 700 nm/min in a hydrofluoric
solution in which hydrofluoric acid (HF) and water are mixed
at the ratio of 1:6.

5. The OLED display of claim 1, wherein a ratio of silicon-
hydrogen bonds to nitrogen-hydrogen bonds (Si—H/N—H)
contained in each of the first inorganic layer and the second
inorganic layer ranges from 0.6 to 0.75.

6. The OLED display of claim 14, wherein each of the first
inorganic layer and the second inorganic layer is formed at a
temperature between 70° C. and 110° C.

7. The OLED display of claim 14, wherein each of the first
inorganic layer and the second inorganic layer is formed by
plasma-enhanced chemical vapor deposition (PECVD).

8. The OLED display of claim 14, wherein each of the first
inorganic layer and the second inorganic layer is formed at a
pressure between 107! Torr and 107> Torr.

9. The OLED display of claim 1, wherein an adhesion
length between an edge of the second inorganic layer and an
edge of the first inorganic layer is at least 50 pm.

10. The OLED display of claim 1, wherein the organic
layer has a thickness between 5 pm and 30 pm.

11. The OLED display of claim 10, wherein the organic
layer is made of an acryl-based resin or an epoxy-based resin.
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12. The OLED display of claim 1, wherein the substrate is
a flexible substrate.

13. The OLED display of claim 3, wherein the OLED

display is a top-emission OLED display.

14. A method of manufacturing an organic light-emitting

diode (OLED) display, the method comprising:

forming an organic light-emitting element on a substrate;

forming a first inorganic layer made substantially of hydro-
genated silicon nitride (SiN_:H) on the organic light-
emitting element;

forming an organic layer on a part of the first inorganic
layer; and

forming a second inorganic layer on the organic layer such
that it completely covers the organic layer, wherein:

edges of the second inorganic layer come in contact with
the first inorganic layer;

a ratio of a number of oxygen atoms to silicon atoms
contained in the first inorganic layer ranges from 0.12 to
0.19, and aratio of a number of nitrogen atoms to silicon
atoms contained in the first inorganic layer ranges from
0910 1.5; and
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the first inorganic layer and the second inorganic layer have

substantially the same composition.

15. The method of claim 14, wherein the forming of the
first organic layer and the forming of the second organic layer
each comprises: supplying a silane (SiH,) gas and an ammo-
nia (NH,) gas onto the organic light-emitting element; and
converting the silane (SiH,) gas and the ammonia (NH;) gas
into plasma.

16. The method of claim 15, wherein the supplying of the
silane (SiH,) gas and the ammonia (NH;) gas comprises
supplying a nitrogen (N,) gas.

17. The method of claim 15, wherein each of the ratio of the
number of oxygen atoms to silicon atoms contained in the first
inorganic layer and the ratio of the number of nitrogen atoms
to silicon atoms contained in the first inorganic layer is
achieved by adjusting aratio of the ammonia (NH,) gas to the
silane (SiH,) gas supplied onto the organic light-emitting
element.

18. The method of claim 14, wherein oxygen (O,) con-
tained in each of the first inorganic layer and the second
inorganic layer is derived from ambient air.

I S S T
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