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DISPLAY DEVICE AND METHOD OF
MANUFACTURING THE SAME

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
into this specification the entire contents of, and claims all
benefits accruing under 35 U.S.C. §119 from an application
earlier filed in the Korean Intellectual Property Office filed on
Oct. 26, 2012 and there duly assigned Serial No. 10-2012-
0119852.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Thepresentinvention relates to a display device and
a method of manufacturing the same.

[0004] 2. Description of the Related Art

[0005] Presently, along with advances in display technol-
ogy, portable display devices such as notebook computers,
mobile phones or portable media players (PMPs) as well as
home display devices such as TV sets or monitors have pro-
liferated in the marketplace. With the trend toward the lighter
and slimmer displays, liquid crystal display devices and
organic electroluminescent diode (OLED) display devices,
and so on, are drawing much attention.

[0006] Among the devices, the OLED display device is a
self-emissive display device using an organic material and
has various advantages, including low power consumption
and high brightness. In general, an organic material used in an
OLED may experience a sharp reduction in lifespan when it
is exposed to external factors such as oxygen or moisture.
Therefore, packaging technology for protecting organic
materials from external factors is essential and required. In
this regard, packaging technology for protecting organic
materials using a glass substrate has been proposed. However,
due to the thickness and weight of the glass substrate, the
overall thickness and weight of the OLED may increase.
[0007] The OLED is typically used in a portable system.
When an image is viewed outdoors using an OLED, external
light is reflected in the OLED, lowering contrast and visibil-
ity. To overcome this problem, the reflection of external light
may be reduced by arranging a circular polarizer on one
surface of the OLED. However, due to the thickness of the
circular polarizer, the overall thickness of the OLED is
increased.

SUMMARY OF THE INVENTION

[0008] The present invention provides a display device and
a method of manufacturing the same, which can reduce the
overall thickness while improving visibility by reducing
reflection of external light.

[0009] The present invention provides a display device and
a method of manufacturing the same, which is lightweight
and slim while having improved durability and reliability by
preventing oxygen and moisture from penetrating into an
organic light emitting diode (OLED) using a thin film encap-
sulation layer.

[0010] Theabove and other objects of the present invention
will be described in or be apparent from the following
description of the preferred embodiments.

[0011] According to one aspect of the present invention,
there is provided a display device that includes a substrate, an
organic light emitting diode (OLED) arranged on the sub-
strate, a thin film encapsulation layer arranged on the sub-
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strate to cover the OLED; and an anti-reflection layer
arranged on the thin film encapsulation layer and including a
dielectric layer and a metal layer. The anti-reflection layer
may include a plurality of dielectric layers and a plurality of
metal layers, wherein ones of the dielectric layers and ones of
the metal layers may be alternately stacked. The dielectric
layer may include at least one of SiO,, TiO,, ZrO,, Ta,O;,
HfO,, AL,O;, Zn0, Y,0;, BeO, MgO, PbO,, WO, VO_,
SiN,, eN_, AIN, ZnS, CdS, SiC, SiCN, MgF, CaF,, NaF,
BaF,, PbF,, LiF, LaF;, and GaP. The metal layer may include
at least one of Al, Ag, Mg, Cr, Ti, Ni, Au, Ta, Cu, Ca, Co, Fe,
Mo, W, Pt, and Yb.

[0012] The thin film encapsulation layer may include at
least one inorganic material layer. The inorganic material
layer may include at least one of silicon nitride, aluminum
nitride, zirconium nitride, titanium nitride, hafnium nitride,
tantalum nitride, silicon oxide, aluminum oxide, titanium
oxide, tin oxide, cerium oxide and silicon oxynitride (SiON).
The thin film encapsulation layer may also include at least one
organic material layer. The thin film encapsulation layer may
include a plurality of inorganic material layers and a plurality
of organic material layers that are alternately stacked. The
organic material layer may include at least one of epoxy resin,
acryl resin, perylene resin and polyimide resin.

[0013] Thedisplay device may also include an interference
preventing layer arranged between the thin film encapsulation
layer and the anti-reflection layer. The interference prevent-
ing layer may include a transparent material. The interference
preventing layer may have a thickness in a range of 100 nm to
10 pm. The display device may also include a thin film tran-
sistor (TFT) to drive the OLED. The TFT may include an
active layer comprised of a material selected from a group
consisting of amorphous silicon, polycrystalline silicon and
an oxide.

[0014] According to another aspect of the present inven-
tion, there is provided a method of manufacturing a display
device, including forming an organic light emitting diode
(OLED) on a substrate, forming a thin film encapsulation
layer on the substrate to cover the OLED and forming an
anti-reflection layer on the thin film encapsulation layer, the
anti-reflection layer including a dielectric layer and a metal
layer. The forming of the thin film encapsulation layer may
include forming at least one inorganic material layer. The at
least one inorganic material layer may include at least one of
silicon nitride, aluminum nitride, zirconium nitride, titanium
nitride, hafnium nitride, tantalum nitride, silicon oxide, alu-
minum oxide, titanium oxide, tin oxide, cerium oxide and
silicon oxynitride (SiON). The forming of the thin film encap-
sulation layer may include forming a plurality of inorganic
material layers and a plurality of organic material layers in an
alternate manner. Each of the organic material layers may
include at least one of epoxy resin, acryl resin, perylene resin
and polyimide resin.

[0015] The forming of the anti-reflection layer may include
forming a plurality of dielectric layers and a plurality of metal
layers stacked alternately. Each of the dielectric layers may
include at least one of Si0,, Ti0,, ZrO,, Ta,O5, HO,, Al,O;,
Zn0,Y,0,, BeO, MgO, PbO,, WO,, VO,, SiN,, eN_, AN,
Zn8, CdS, SiC, SiCN, MgF, CaF,, NaF, Bal,, PbF,, LiF,
LaF;, and GaP. Each of the metal layers may include at least
one of Al, Ag, Mg, Cr, Ti, Ni, Au, Ta, Cu, Ca, Co, Fe, Mo, W,
Pt, and Yb. The display device may also include an interfer-
ence preventing layer interposed between the thin film encap-



US 2014/0117330 Al

sulation layer and the anti-reflection layer. The interference
preventing layer may include a transparent material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
junction with the accompanying drawings, in which like ref-
erence symbols indicate the same or similar components,
wherein:

[0017] FIG.11is a cross-sectional view of a display device
according to an embodiment of the present invention;
[0018] FIG. 2 is a cross-sectional view of a display device
according to another embodiment of the present invention;
[0019] FIG. 3 is a cross-sectional view of a thin film tran-
sistor forming portion of a display device according to the
present invention;

[0020] FIG. 4 is a flowchart illustrating a method of manu-
facturing a display device according to an embodiment of the
present invention;

[0021] FIGS. 5 to 7 are cross-sectional views illustrating
processing steps of the method of manufacturing a display
device according to an embodiment of the present invention;
[0022] FIG. 8is a graph illustrating luminous reflectance in
Example 1 of the present invention and Comparative
Example;

[0023] FIG. 9 is a graph illustrating transmittance in
Example 1 of the present invention and Comparative
Fxample;

[0024] FIG. 10 is a graph illustrating luminous reflectance
in Example 2 of the present invention and Comparative
Example;

[0025] FIG. 11 is a graph illustrating transmittance in
Example 2 of the present invention and Comparative
Example;

[0026] FIG. 12 is a graph illustrating luminous reflectance
in Example 3 of the present invention and Comparative
Example;

[0027] FIG. 13 is a graph illustrating transmittance in
Example 3 of the present invention and Comparative
Example;

[0028] FIG. 14 is a graph illustrating luminous reflectance
in Example 4 of the present invention and Comparative
Example;

[0029] FIG. 15 is a graph illustrating transmittance in
Example 4 of the present invention and Comparative
Example;

[0030] FIG. 16 is a graph illustrating luminous reflectance
in Example 5 of the present invention and Comparative
Example; and

[0031] FIG. 17 is a graph illustrating transmittance in
Example 5 of the present invention and Comparative
Example.

DETAILED DESCRIPTION OF THE INVENTION

[0032] Advantages and features of the present invention
and methods of accomplishing the same may be understood
more readily by reference to the following detailed descrip-
tion of preferred embodiments and the accompanying draw-
ings. The present invention may, however, be embodied in
many different forms and should not be construed as being
limited to the embodiments set forth herein. Rather, these
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embodiments are provided so that this disclosure will be
thorough and complete and will fully convey the concept of
the invention to those skilled in the art, and the present inven-
tion will only be defined by the appended claims.

[0033] It will be understood that when an element or layer
1s referred to as being “on”, another element or layer, it can be
directly on the other element or layer or intervening elements
or layers may be present. Like numbers refer to like elements
throughout.

[0034] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of the present invention.

[0035] Hereinafter, embodiments of the present invention
will be described with reference to the accompanying draw-
ings.

[0036] Embodiments of the present invention will be here-
inafter described with reference to the accompanying draw-
ings. In the following description, the display device accord-
ing to the present invention will be described with regard to an
OLED by way of example, the invention will also be applied
to all kinds of display devices, including white OLEDs, which
are currently developed and commercially available or can be
realized in the future according to the technological develop-
ment.

[0037] FIG. 1is a cross-sectional view of a display device
according to an embodiment of the present invention.
[0038] Referring to FIG. 1, the display device 1 according
to an embodiment of the present invention includes a sub-
strate 10, an OLED 30 formed on the substrate 10, a thin film
encapsulation layer 50 formed on the substrate 10 and cover-
ing the OLED 30, and an anti-reflection layer 70 formed on
the thin film encapsulation layer 50.

[0039] The substrate 10 may include an insulating sub-
strate. The insulating substrate may be made out of a trans-
parent glass material containing transparent Si0, as a main
component. In addition, the insulating substrate may include
substrates made of a variety of materials, such as a plastic
material. Further, the insulating substrate may be a flexible
substrate.

[0040] The OLED 30 may be formed on the substrate 10.
The OLED 30 may include a first electrode (not shown)
formed on the substrate 10, an organic emission layer (not
shown) formed on the first electrode, and a second electrode
(not shown) formed on the organic emission layer.

[0041] The first electrode may be formed on the substrate
10 by evaporation or sputtering, and may be a cathode or an
anode. The first electrode may include a transparent elec-
trode, a semi-transparent electrode or a reflective electrode,
and may be made out of indium tin oxide (ITO), indium zinc
oxide (1Z0), tin oxide (Sn0O,), zinc oxide (Zn0), Al, Ag, or
Mg, but aspects of the present invention are not limited
thereto. In addition, the first electrode may be formed to have
various types of stacks, including a stack of two or more
layers using two or more different materials.

[0042] An organic emission layer may be formed on the
first electrode. The organic emission layer may include
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known light-emitting materials. For example, the organic
emission layer may include a known host including Alg3,
4 4'-N,N'-dicarbazol-biphenyl (CBP), poly(n-vinylcarba-
zole) (PVK), or distrylarylene (DSA) and phosphorescent
organic metal complex (PtOEP), and known dopants includ-
ing a red dopant such as Ir(piq)3, Btp2lr (acac), or 4-(dicya-
nomethylene)-2-t-butyl-6-(1,1,7,7-tetramethyljulolidyl-9-
enyl)-4Hpyran (DCITB), a green dopant such as Ir(ppy)3
(ppy=phenylpyridine), Ir(ppy)2(acac), or Ir(mpyp)3, and a
blue dopant such as F2Irpic, (F2ppy)21r(tmd), Ir(dfppz)3, or
ter-fluorine. However, the aforementioned exemplar materi-
als of the organic emission layer are provided only for illus-
tration, but all possible light-emitting materials that are cur-
rently developed or commercially available or can be realized
in the future according to technological development.
[0043] The second electrode may be formed on the organic
emission layer by evaporation or sputtering, and may be a
cathode or an anode. The second electrode may include a
metal having a low work function, an alloy, an electrically
conductive compound and mixtures thereof. For example, the
second electrode may include Li, Mg, Al, Al—Li, Ca,
Mg—In, Mg—Agand so on, but aspects of the present inven-
tion are not limited thereto. In addition, the second electrode
may be formed to have various types of stacks, including a
stack of two or more layers using two or more different
materials.

[0044] Inadditionto the organic emission layer, at least one
selected from the group consisting of a hole injection layer, a
hole transport layer, a hole blocking layer, an electron trans-
port layer, and an electron injection layer may further be
formed between the first electrode and the second electrode.
The hole injection layer, the hole transport layer, the hole
blocking layer, the electron transport layer, and the electron
injection layer may be formed by known methods using
known materials.

[0045] Known hole injecting materials may be used as
materials of the hole injection layer. Examples of the hole
injecting materials may include, but not limited to, a phtha-
locyanine compound such as copper phthalocyanine, m-MT-

DATA  [4,4',4"-tris(3-methylphenylphenylamino)tripheny-
lamine], NPB (N,N'-di(1-naphthyl)-N,N-
diphenylbenzidine), TDATA, 2-TNATA, PANI/DBSA

(polyaniline/dodecylbenzenesulfonic acid), PEDOT/PSS
(poly(3,4-ethylenedioxythiophene)/Poly(4-styrene sul-
fonate), PANI/CSA (polyaniline/camphor sulfonic acid) or
PANI/PSS (polyaniline)/poly(4-styrene sulfonate).

[0046] Examples of the hole transport layer may include a
carbazole derivative, such as N-phenylcarbazole or polyvinyl
carbazole, and a general amine derivative having an aromatic
condensed ring, such as 4,4'-bis[N-(1-naththyl)-N-pheny-
lamino[biphenyl (NPB), N,N'-bis(3-methylphenyl)-N,N-
diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD), or N,N'-di
(naththalene-1-y1)-N,N'-diphenyl benzidine (o.-NPD).
[0047] In addition, the hole blocking layer may be formed
using, for example, an oxadiazole derivative, a triazole
derivative, or a phenanthroline derivative.

[0048] Meanwhile, the electron transport layer may be
formed using, for example, quinoline derivative, specifically
tris(8-quinolinorate) aluminum (Alg3), or TAZ (3-(4-biphe-
nylyl)-4-phenyl-5-(4-tert-butylphenyl)-1,2,4-triazole). The
electron injection layer may be formed using, for example,
LiF, NaCl, CsF, Li,0, or BaO, but not limited thereto.
[0049] The thin film encapsulation layer 50 covering the
OLED 30 may be formed on the substrate 10. The thin film
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encapsulation layer 50 may prevent oxygen or moisture from
penetrating into the OLED 30. The thin film encapsulation
layer 50 may have non-limiting types of structures. For
example, the thin film encapsulation layer 50 may be config-
ured such that an inorganic material layer and an organic
material layer are alternately arranged. That is to say, as
shown in FIG. 1, a first inorganic material layer 51, a first
organic material layer 52, a second inorganic material layer
53, a second organic material layer 54, and a third inorganic
material layer 55 may be sequentially stacked on the substrate
10 and the OLED 30, but aspects of the present invention are
not limited thereto. Alternatively, the thin film encapsulation
layer 50 may also have stacked structures of various combi-
nations of layers formed on the OLED 30, including a stack of
organic material layer/inorganic material layer/organic mate-
rial layer sequentially stacked in that order, a stack of inor-
ganic material layer/inorganic material layer/organic mate-
rial layer sequentially stacked in that order, and so on. In
addition, although not shown, one of various layers constitut-
ing the thin film encapsulation layer 50 may be a metal layer.
While FIG. 1 shows that the thin film encapsulation layer 50
has a stack of five layers, which is, however, provided only for
illustration, the thin film encapsulation layer 50 may have a
stack of four layers, a stack of six layers, and various other
types of stacks.

[0050] The respective inorganic material layers 51, 53 and
55 may prevent external moisture and oxygen from penetrat-
ing into the OLED 30, and the respective organic material
layers 52 and 54 may alleviate internal stress of the inorganic
material layers 51, 53 and 55 or may fill small cracks or
pinholes of the inorganic material layers 51, 53 and 55.
[0051] Theinorganic material layer may be formed by non-
limiting methods using non-limiting materials.

[0052] For example, the inorganic material layer may
include a first inorganic material layer 51, a second inorganic
material layer 53 and a third inorganic material layer 55,
which are made of a transparent material, respectively, and
examples thereof may include, but not limited to, silicon
nitride, aluminum nitride, zirconium nitride, titanium nitride,
hafnium nitride, tantalum nitride, silicon oxide, aluminum
oxide, titanium oxide, tin oxide, cerium oxide, silicon oxyni-
tride (SiON), and combinations thereof.

[0053] The first inorganic material layer 51, the second
inorganic material layer 53 and the third inorganic material
layer 55 may be formed by a vacuum film formation method,
such as sputtering, chemical vapor deposition (CVD),
e-beam, thermal evaporation, or thermal ion beam assisted
deposition (IBAD). Examples of the CVD may include ICP-
CVD (Induced Coupled Plasma-Chemical Vapor Deposi-
tion), CCP (Capacitively Coupled Plasma)-CVD, SWP (Sur-
face Wave Plasma)-CVD and so on, which is, however,
provided only for illustration, and all possible methods that
are currently developed and commercially available or can be
realized in the future according to the technological develop-
ment may be employed in forming the inorganic material
layer according to the present invention.

[0054] As described above, the thin film encapsulation
layer 50 may further include an organic material layer alter-
nately disposed with an inorganic material layer, and the
organic material layer may be formed by non-limiting meth-
ods using non-limiting materials.

[0055] For example, each of the first organic material layer
52 and the second organic material layer 54 may be made of
atransparent material, and examples thereof may include, but
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not limited to, epoxy resin, acryl resin, perylene resin, poly-
imide resin and combinations thereof.

[0056] The first organic material layer 52 and the second
organic material layer 54 may be deposited by spin coating,
spray coating, screen printing, ink-jetting, dispensing, and so
on, but not limited thereto. In addition, all possible methods
that are currently developed and commercially available or
can be realized in the future according to the technological
development may be employed in forming the organic mate-
rial layer according to the present invention, and examples
thereof may include sputtering, chemical vapor deposition
(CVD), plasma enhanced chemical vapor deposition
(PECVD), thermal evaporation, thermal ion beam assisted
deposition (IBAD), and atomic layer deposition (ALD).

[0057] In the display device 1 according to the present
invention, the thin film encapsulation layer 50 is formed,
thereby effectively preventing external moisture and oxygen
from penetrating into the OLED 30. Accordingly, deteriora-
tion of the OLED 30 can be prevented, thereby minimizing
failure in view of display quality of the display device 1 while
improving durability and reliability ofthe display device 1. In
addition, the thin film encapsulation layer 50 is formed using
the inorganic material layer and the organic material layer,
thereby reducing the overall thickness and weight of the
display device 1, compared to a case of forming an encapsu-
lation portion using a glass substrate.

[0058] Theanti-reflection layer 70 for preventing reflection
of external light may be formed on the thin film encapsulation
layer 50, and may include a dielectric layer and a metal layer.

[0059] The anti-reflection layer 70 may have a multi-lay-
ered structure, but not limited thereto. For example, as shown
in FIG. 1, the anti-reflection layer 70 may be formed on the
thin film encapsulation layer 50 such that a first metal layer
71, a first dielectric layer 72, a second metal layer 73, and a
second dielectric layer 74 are alternately stacked one on top of
the other, but not limited thereto. That is to say, a dielectric
layer may first be stacked on the thin film encapsulation layer
50. Alternatively, two or more stacks of the metal layer or the
dielectric layer may be successively formed. In addition,
while FIG. 1 shows that the anti-reflection layer 70 has a
four-layered structure, which is, however, provided only for
illustration, the anti-reflection layer 70 may have a five-layer
structure, a six-layer structure, and various types of stacks.
The anti-reflection layer 70 may have non-limiting types of
structures.

[0060] Forexample, each of'the first metal layer 71 and the
second metal layer 73 of the anti-reflection layer 70 may
include, but not limited to, one metal or an alloy of two or
more metals selected from the group consisting of Al, Ag,
Mg, Cr, Ti, Ni, Au, Ta, Cu, Ca, Co, Fe, Mo, W, Pt, and Yb.
[0061] The first metal layer 71 and the second metal layer
73 may be formed by sputtering, chemical vapor deposition
(CVD), physical vapor deposition (PVD), e-beam, thermal
evaporation, or thermal ion beam assisted deposition (IBAD),
but not limited thereto.

[0062] Since metals absorb light, some of the light trans-
mitted through a metal layer may be absorbed. That is to say,
when the anti-reflection layer 50 includes a metal layer,
reflection of external light can be reduced by destructive
interference using some of the reflected light. In addition, the
external light that is not completely cancelled by destructive
interference may further be absorbed using light absorption
occurring when the light transmits through the metal layer.
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[0063] As described above, the anti-reflection layer 70 may
further include a dielectric layer, which may be alternately
stacked with the metal layer. The dielectric layer may be
formed by non-limiting methods using non-limiting materi-
als.

[0064] Forexample, each of the first dielectric layer 72 and
the second dielectric layer 74 may include, but not limited to,
one material or a combination of two or more materials
selected from the group comsisting of SiO,, TiO,, ZrO,,
Ta,0s, HfO,, ALL,O;, Zn0, Y,0;, BeO, Mg0O, PbO,, WO,,
VO, SiN,,, eN_, AIN, ZnS, CdS, SiC, SiCN, MgF, CaF,, NaF,
BaF,,PbF,, LiF, LaF;, and GaP. In addition, at least one of the
first dielectric layer 72 and the second dielectric layer 74 may
be formed of the same material as the organic material layer
or the inorganic material layer of the thin film encapsulation
layer 50.

[0065] The first dielectric layer 72 and the second dielectric
layer 74 may be deposited by spin coating, spray coating,
screen printing, ink-jetting, dispensing, and so on, but not
limited thereto. In addition, all possible methods that are
currently developed and commercially available or can be
realized in the future according to the technological develop-
ment may be employed in forming the dielectric layer accord-
ing to the present invention, and examples thereof may
include sputtering, chemical vapor deposition (CVD), plasma
enhanced chemical vapor deposition (PECVD), thermal
evaporation, thermal ion beam assisted deposition (IBAD),
and atomic layer deposition (ALD).

[0066] The dielectric layer in the anti-reflection layer 70
may adjustor compensate for a phase difference of light. That
is to say, the dielectric layer cancels reflected external light
using optically destructive interference, thereby preventing
reflection of external light. Here, the term “optically destruc-
tive interference” refers to a phenomenon in which light
waves reflected from the interface therebetween are canceled
when they have the same reflection amplitude and frequency
while having a phase difference of approximately 180
degrees.

[0067] That is to say, the anti-reflection layer 70 according
to the present invention can reduce reflection of external light
by cancelling the externally incident light using optically
destructive interference and light absorption by a metal layer.
Accordingly, the reflection of external light can be reduced
without using a circular polarizer, thereby reducing the over-
all thickness of the display device 1 while improving visibil-
ity of the display device 1 even with the reduced thickness of
the display device 1.

[0068] FIG.2isacross-sectional view of a display device 2
according to another embodiment of the present invention.
[0069] Referringto FIGS.1 and 2, unlike the display device
1 shown in FIG. 1, the display device 2 according to another
embodiment of the present invention may further include an
interference preventing layer 60 formed between the thin film
encapsulation layer 50 and the anti-reflection layer 70.
[0070] The interference preventing layer 60 is a kind of
buffering layer for preventing light interference due to a dif-
ference in the refractive index between the thin film encap-
sulation layer 50 and the anti-reflection layer 70, and may
minimize the light interference by adjusting its thickness or
material. The interference preventing layer 60 may be formed
using non-limiting materials. For example, the interference
preventing layer 60 may be made of a transparent material,
including a known organic material or a known inorganic
material. For example, a material for forming the organic
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material layer or the inorganic material layer of the thin film
encapsulation layer 50 may also be used in forming the intet-
ference preventing layer 60. In addition, a material for form-
ing the dielectric layer of the anti-reflection layer 70 may also
be used in forming the interference preventing layer 60. The
interference preventing layer 60 may be formed by non-lim-
iting methods. For example, a method for forming the organic
material layer or the inorganic material layer of the thin film
encapsulation layer 50 may also be used in forming the inter-
ference preventing layer 60. The thickness of the interference
preventing layer 60 may be appropriately adjusted to be
greater than or equal to a light coherent length, for example,
in a range of 100 nm to 10 um, but not limited thereto.

[0071] FIG. 3 is a cross-sectional view of a thin film tran-
sistor forming portion of a display device according to the
present invention.

[0072] Referringto FIGS.1to 3, each of the display devices
according to the present invention may include a thin film
transistor T formed on the substrate 10, an OLED 30, a thin
film encapsulation layer 50 and an anti-reflection layer 70. An
interference preventing layer (not shown) may further be
formed between the thin film encapsulation layer 50 and the
anti-reflection layer 70.

[0073] The OLED 30 may include a first electrode 32, a
second electrode 36 and an organic emission layer 34 formed
between the first electrode 32 and the second electrode 34.
Although not shown, in addition to the organic emission layer
34, at least one selected from the group consisting of a hole
injection layer, a hole transport layer, ahole blocking layer, an
electron transport layer, and an electron injection layer may
further be formed between the first electrode 32 and the
second electrode 36, which are substantially the same as those
previously described in conjunction with FIG. 1, and detailed
descriptions thereof will be omitted.

[0074] A pixel defining film 80 for partitioning pixels may
be formed at an exterior portion where the organic emission
layer 34 s formed. The pixel defining film 80 may be formed
using non-limiting materials, for example, an organic mate-
rial.

[0075] The thin film transistor T may be formed on the
substrate 10. The thin film transistor T is a portion for sup-
plying current to the OLED 30 to drive the same. The thin film
transistor T may include a gate electrode 92, a source elec-
trode 94 and a drain electrode 96, and the first electrode 32 of
the OLED 30 may be connected to the drain electrode 96 of
the thin film transistor T.

[0076] The thin film transistor T is not limited in view of its
type and may include, for example, an amorphous silicon
TFT (a-Si TFT), a polycrystalline silicon TFT (poly-Si TFT),
and an oxide TFT, but not limited thereto.

[0077] The thin film encapsulation layer 50 may be formed
on the substrate 10 to cover the OLED 30. Accordingly, the
thin film encapsulation layer 50 may effectively prevent
moisture or oxygen from penetrating into the OLED 30. The
other details of the thin film encapsulation layer 50 are the
same as that previously described in conjunction with FIG. 1,
and a repeated description will not be given.

[0078] The anti-reflection layer 70 may be formed on the
thin film encapsulation layer 50. The anti-reflection layer 70
prevents the reflection of external light without using a circu-
lar polarizer, thereby reducing the overall thickness of the
display device while improving visibility of the display
device.

May 1, 2014

[0079] Turning now to FIGS. 4-7, FIG. 4 is a flowchart
illustrating a method of manufacturing a display device
according to an embodiment of the present invention, and
FIGS. 5 to 7 are cross-sectional views illustrating processing
steps of the method of manufacturing a display device accord-
ing to an embodiment of the present invention.

[0080] Referring to FIG. 4, the method of manufacturing a
display device includes forming an OLED on a substrate
(510), forming a thin film encapsulation layer on the substrate
to cover the OLED (520), and forming an anti-reflection layer
including a dielectric layer and a metal layer on the thin film
encapsulation layer (S30). In addition, although not shown,
the method of manufacturing a display device may further
include forming an interference preventing layer on the thin
film encapsulation layer between the forming of the thin film
encapsulation layer (S20) and the forming of the anti-reflec-
tion layer (S30).

[0081] The forming of the OLED on the substrate (S10)
may be achieved as follows. Referring to FIGS. 1 and 5, a first
electrode (#32 in FIG. 3) is first on the substrate 10. The first
electrode may be formed on the substrate by evaporation or
sputtering, and may be a cathode or an anode. The first elec-
trode may include a transparent electrode, a semi-transparent
electrode or a reflective electrode, and may be formed of
indium tin oxide (ITO), indium zinc oxide (IZO), tin oxide
(Sn0,), zinc oxide (Zn0), Al, Ag, or Mg, but aspects of the
present invention are not limited thereto. The other details of
the first electrode are the same as previously described in
conjunction with FIGS. 1 and 3, and a repeated description
will not be given.

[0082] Thereafter, an organic emission layer (#34 in FIG.
3) is formed on the first electrode. The organic emission layer
may include known light-emitting materials and may be
formed by non-limiting methods, which is the same as
described above with reference to FIGS. 1 and 3.

[0083] After forming the organic emission layer, a second
electrode (#36 in FIG. 3) is formed on the organic emission
layer. The second electrode may be formed on the organic
emission layer by evaporation or sputtering, and may be a
cathode or an anode. The second electrode may include a
metal having a low work function, an alloy, an electrically
conductive compound and mixtures thereof. The other details
of the second electrode are the same as described in conjunc-
tion with FIGS. 1 and 3, and a repeated description will not be
given.

[0084] The OLED 30 may be formed on the substrate 10
including the first electrode, the organic emission layer and
the second electrode by the above-described methods.
[0085] Thereafter, the thin film encapsulation layer 50 cov-
ering the OLED 30 is formed on the substrate 10 to cover the
OLED (820), which will be achieved as follows.

[0086] Referring to FIGS. 1 and 6, the thin film encapsula-
tion layer 50 covering the OLED 30 may be formed on the
substrate 10 and on the OLED 30. The thin film encapsulation
layer 50 may include a first inorganic material layer 51, a first
organic material layer 52, a second inorganic material layer
53, a second organic material layer 54, and a third inorganic
material layer 55 sequentially stacked in that order.

[0087] Each of the inorganic material layers 51, 53 and 55
may be made of a transparent material and may be formed by
a vacuum film formation method, such as sputtering, chemi-
cal vapor deposition (CVD), e-beam, thermal evaporation, or
thermal ion beam assisted deposition (IBAD), but not limited
thereto, which is the same as described above in FIG. 1.
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[0088] Each of the respective organic material layers 52
and 54 may be made of a transparent material, and examples
thereof may include, but not limited to, epoxy resin, acryl
resin, perylene resin, polyimide resin and combinations
thereof.

[0089] The respective organic material layers 52 and 54
may be deposited by spin coating, spray coating, screen print-
ing, ink-jetting, dispensing, and so on, but not limited thereto.
In addition, all possible methods that are currently developed
and commercially available or can be realized in the future
according to the technological development in forming the
organic material layer according to the present invention, and
examples thereof include sputtering, chemical vapor deposi-
tion (CVD), plasma enhanced chemical vapor deposition
(PECVD), thermal evaporation, thermal ion beam assisted
deposition (IBAD), and atomic layer deposition (ALD),
which is the same as described above in FIG. 1.

[0090] As an example, in forming the first organic material
layer 52, a monomer for forming polyimide is deposited on
the first inorganic material layer 51 by a dry method, includ-
ing thermal evaporation, plasma enhanced chemical vapor
deposition (PECVD), or atomic layer deposition (ALD).
Then, the resultant product is subjected to annealing, thereby
forming the first organic material layer 52 based on polyimide
resin. The second organic material layer 54 may be formed by
the same method as the first organic material layer 52. When
the first organic material layer 52 is formed by a dry process,
such as thermal evaporation, the first organic material layer
52 is alternately deposited in line after the first inorganic
material layer 51 is deposited. In addition, a thickness of the
first organic material layer 52 can be easily adjusted and the
dry process is advantageously simpler than a wet process,
thereby increasing the productivity. The monomer for form-
ing the polyimide may include one or more acid components
selected from the group consisting of PTCDA (perylenetet-
racarboxylic dianhydride), BPDA (biphenyltetracarboxylic
dianhydride) and PMDA (pyromellitic dianhydride) and one
or more amines selected from the group consisting of DADD
(diaminododecane), ODA (oxydianiline) and PDA (phe-
nylene diamine), which are, however, provided only for illus-
tration, and non-limiting monomers capable of forming
known polyimide based resin can be used in forming the
polyimide.

[0091] The acid component or the amine component may
be deposited on the first inorganic material layer 51 by ther-
mal evaporation, PECVD, or ALD, and then polymerized into
a polyimide based resin by annealing.

[0092] Meanwhile, although not shown, the thin film
encapsulation layer 50 may have various structures, which is
the same as described above in FIG. 1.

[0093] Thereafter, the anti-reflection layer 70 may be
formed on the thin film encapsulation layer 50 (S30), which
may be achieved as follows.

[0094] Referring to FIGS. 1 and 7, the anti-reflection layer
70 formed on the thin film encapsulation layer 50 may include
a first metal layer 71, a first dielectric layer 72, a second metal
layer 73, and a second dielectric layer 74 are sequentially
stacked in that order.

[0095] The first metal layer 71 and the second metal layer
73 may be formed by non-limiting methods using non-limit-
ing materials.

[0096] For example, each of the first metal layer 71 and the
second metal layer 73 may include, but not limited to, one
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metal or an alloy of two or more metals selected from the
group consisting of Al, Ag, Mg, Cr, Ti, Ni, Au, Ta, Cu, Ca, Co,
Fe, Mo, W, Pt, and Yb.

[0097] In addition, the first metal layer 71 and the second
metal layer 73 may be formed by sputtering, chemical vapor
deposition (CVD), physical vapor deposition (PVD), e-beam,
thermal evaporation, or thermal ion beam assisted deposition
(IBAD), but not limited thereto. The other details of the
anti-reflection layer 70 are the same as described in FIG. 1 and
a repeated description will not be given.

[0098] The first dielectric layer 72 and the second dielectric
layer 74 may also be formed by non-limiting methods using
non-limiting materials.

[0099] Forexample, each of the first dielectric layer 72 and
the second dielectric layer 74 may include, but not limited to,
one material or a combination of two or more materials
selected from the group consisting of SiO,, TiO,, Zr0,,
Ta,05, HIO,, AL,O,, ZnO, Y,0,, BeO, MgO, PbO,, WO,,
VO,, SiNy, eN_, AIN, ZnS, CdS, SiC, SiCN, MgF, Cal',, NaF,
BaF,,PbE,, LiF, LaF;, and GaP. In addition, at least one of the
first dielectric layer 72 and the second dielectric layer 74 may
be formed of the same material as the organic material layer
or the inorganic material layer of the thin film encapsulation
layer 50. The first and second dielectric layers 72 and 74 may
be formed by all possible methods that are currently devel-
oped and commercially available or can be realized in the
future according to the technological development in forming
the dielectric layer according to the present invention, and
examples thereof include sputtering, chemical vapor deposi-
tion (CVD), plasma enhanced chemical vapor deposition
(PECVD), thermal evaporation, thermal ion beam assisted
deposition (IBAD), and atomic layer deposition (ALD),
which is the same as described above in conjunction with
FIG. 1.

[0100] Meanwhile, although not shown, after forming the
thin film encapsulation layer 50 and before forming the anti-
reflection layer 70, an interference preventing layer may fur-
ther be formed on the thin film encapsulation layer 50. The
interference preventing layer may be made of a transparent
material by non-limiting methods. The thickness of the inter-
ference preventing layer may be appropriately adjusted to be
greater than or equal to a light coherent length, for example,
in a range of 100 nm to 10 um, but not limited thereto. The
other details of the interference preventing layer are the same
as described in FIG. 1 and a repeated description will not be
given.

[0101] Hereinafter, specific examples will be provided fora
better understanding of aspects of the present invention.
However, the examples are only provided to help understand-
ing of, and not to limit, the present invention.

Comparative Example

[0102] An OLED (30 of FIG. 1) was formed on a glass
substrate (10 of FIG. 1). The OLED 30 was encapsulated
using an encapsulating glass substrate, instead of a thin film
encapsulation layer (50 of FIG. 1). A circular polarizer plate
was attached onto the encapsulating glass substrate. The
encapsulating glass substrate had a thickness of approxi-
mately 500 um, and the circular polarizer plate had a thick-
ness of approximately 150 um.

Example 1

[0103] An OLED (30 of FIG. 1) was formed on a glass
substrate (10 of FIG. 1). A thin film encapsulation layer (50 of
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FIG. 1) was formed, the thin film encapsulation layer 50
having a stack of five layers including an inorganic material
layer (A1,0,), an organic material layer (acryl), an inorganic
material layer (Al,0;), an organic material layer (acryl) and
an inorganic material layer (Al,O;), and the thin film encap-
sulation layer (50 of FIG. 1) was formed to have a total
thickness of 6 um. An anti-reflection layer (70 of FIG. 1) was
formed to have a stack of layers including a metal layer (Cr, 7
nm), a dielectric layer (SiO,, 50 nm), a metal layer (Cr, 7 nm)
and a dielectric layer (5i0,, 70 nm).

[0104] FIG. 8is a graph illustrating luminous reflectance in
Example 1 of the present invention and Comparative
Example and FIG. 9 is a graph illustrating transmittance in
Example 1 of the present invention and Comparative
Example.

[0105] Referring to FIG. 8, luminous reflectance in
Example 1 (B) was substantially the same as luminous reflec-
tance in Comparative Example (A) throughout the entire opti-
cal wavelength area. In detail, the luminous reflectance in
Comparative Example (A) was 4.6%, and the luminous
reflectance in Example 1 (B) was 4.7%, suggesting that lumi-
nous reflectance levels in Comparative Example (A) and
Example 1 (B) are substantially equal to each other. In addi-
tion, referring to FIG. 9, transmittance in Example 1 (B) and
transmittance in Comparative Example (A) were substan-
tially equal to each other.

Example 2

[0106] An OLED (30 of FIG. 1) was formed on a glass
substrate (10 of F1G. 1). A thin film encapsulation layer (50 of
FIG. 1) was formed, the thin film encapsulation layer 50
having a stack of five layers including an inorganic material
layer (Al,O,), an organic material layer (acryl), an inorganic
material layer (Al,0;), an organic material layer (acryl) and
an inorganic material layer (Al,O;). An anti-reflection layer
(70 of F1G. 1) was formed to have a stack of layers including
a metal layer (Ti, 4 nm), a dielectric layer (S10,, 50 nm), a
metal layer (Ti, 3 nm) and a dielectric layer (SiO,, 70 nm).
[0107] FIG. 10 is a graph illustrating luminous reflectance
in Example 2 of the present invention and Comparative
Example and FIG. 11 is a graph illustrating transmittance in
Example 2 of the present invention and Comparative
Example.

[0108] Referring to FIG. 10, luminous reflectance in
Example 2 (C) was substantially the same as luminous reflec-
tance in Comparative Example (A) throughout the entire opti-
cal wavelength area. In detail, the luminous reflectance in
Comparative Example (A) was 4.6%, and the luminous
reflectance in Example 2 (C) was 4.7%, suggesting that lumi-
nous reflectance levels in Comparative Example (A) and
Example 2 (C) are substantially equal to each other. In addi-
tion, referring to FIG. 11, transmittance in Example 2 (B) and
transmittance in Comparative Example (A) were substan-
tially equal to each other.

Example 3

[0109] An OLED (30 of FIG. 1) was formed on a glass
substrate (10 of F1G. 1). A thin film encapsulation layer (50 of
FIG. 1) was formed, the thin film encapsulation layer 50
having a stack of five layers including an inorganic material
layer (SiN,), an inorganic material layer (SiCN), an inorganic
material layer (Al,O;), an organic material layer (acryl) and
an inorganic material layer (Al,0O5). In addition, an interfer-
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ence preventing layer (60 of FIG. 1) was added, and a 1 um
thick acryl layer was used as the interference preventing layer
(60 of FIG. 1). An anti-reflection layer (70 of FIG. 1) was
formed to have a stack of layers including a metal layer (Ag,
7 nm), a dielectric layer (Si0,, 30 nm), a metal layer (Cr, 5
nm) and a dielectric layer (Si0,, 50 nm).

[0110] FIG. 12 is a graph illustrating luminous reflectance
in Example 3 of the present invention and Comparative
Example and FIG. 13 is a graph illustrating transmittance in
Example 3 of the present invention and Comparative
Example.

[0111] Referring to FIG. 12, luminous reflectance in
Example 3 (D) was substantially the same as luminous reflec-
tance in Comparative Example (A) throughout the entire opti-
cal wavelength area. In detail, the luminous reflectance in
Comparative Example (A) was 4.6%, and the luminous
reflectance in Example 3 (D) was 1.1%, which is higher than
the luminous reflectance in Comparative Example (A). In
addition, referring to FIG. 11, transmittance in Example 3 (D)
and transmittance in Comparative Example (A) were substan-
tially equal to each other.

Example 4

[0112] An OLED (30 of FIG. 1) was formed on a glass
substrate (10 of F1G. 1). A thin film encapsulation layer (50 of
FIG. 1) was formed, the thin film encapsulation layer 50
having a stack of five layers including an inorganic material
layer (Al,Q,), an organic material layer (acryl), an inorganic
material layer (Al,O;), an organic material layer (acryl) and
an inorganic material layer (Al,O;). An anti-reflection layer
(70 of FIG. 1) was formed to have a stack of layers including
a metal layer (Cr, 7 nm), a dielectric layer (S10,, 30 nm), a
metal layer (Cr, 6 nm, adielectric layer (Si0,, 40 nm), a metal
layer (Cr, 4 nm) and a dielectric layer (Si0,, 70 nm).

[0113] FIG. 14 is a graph illustrating luminous reflectance
in Example 4 of the present invention and Comparative
Example and FIG. 15 is a graph illustrating transmittance in
Example 4 of the present invention and Comparative
Example.

[0114] Referring to FIG. 14, luminous reflectance in
Bxample 4 (E) was substantially the same as luminous reflec-
tance in Comparative Example (A) throughout the entire opti-
cal wavelength area. In detail, the luminous reflectance in
Comparative Example (A) was 4.6%, and the luminous
reflectance in Example 4 (E) was 4.1%, suggesting that lumi-
nous reflectance levels in Comparative Example (A) and
Example 4 (E) are substantially equal to each other. In addi-
tion, referring to FIG. 15, transmittance in Example 4 (B) and
transmittance in Comparative Example (A) were substan-
tially equal to each other.

Example 5

[0115] An OLED (30 of FIG. 1) was formed on a glass
substrate (10 of F1G. 1). A thin film encapsulation layer (50 of
FIG. 1) was formed, the thin film encapsulation layer 50
having a stack of five layers including an inorganic material
layer (Al,O,), an organic material layer (acryl), and inorganic
material layer (Al,O;), an organic material layer (acryl) and
an inorganic material layer (Al,O5). An anti-reflection layer
(70 of F1G. 1) was formed to have a stack of layers including
a dielectric layer (Si0,, 50 nm), a dielectric layer (Ti0,, 30
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nm), a metal layer (Ag, 10 nm), a dielectric layer (SiO,. 30
nm), a metal layer (Cr, 9 nm) and a dielectric layer (Si0O,, 50
nm).

[0116] FIG. 16 is a graph illustrating luminous reflectance
in Example 5 of the present invention and Comparative
Example, and FIG. 17 is a graph illustrating transmittance in
Example 5 of the present invention and Comparative
Example.

[0117] Referring to FIG. 16, luminous reflectance in
Example 5 (F) was substantially the same as luminous reflec-
tance in Comparative Example (A) throughout the entire opti-
cal wavelength area. In detail, the luminous reflectance in
Comparative Example (A) was 4.6%, and the luminous
reflectance in Example 5 (F) was 4.7%, suggesting that lumi-
nous reflectance levels in Comparative Example (A) and
Example 5 (F) are substantially equal to each other. In addi-
tion, referring to FIG. 17, transmittance in Example 5 (F) and
transmittance in Comparative Example (A) were substan-
tially equal to each other.

[0118] Thatisto say, as described above, the display device
according to the present invention can prevent reflection of
external light without a separate circular polarizer, thereby
attaining a lightweight and slim display device.

[0119] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims. It is
therefore desired that the present embodiments be considered
in all respects as illustrative and not restrictive, reference
being made to the appended claims rather than the foregoing
description to indicate the scope of the invention.

What is claimed is:

1. A display device, comprising:

a substrate;

an organic light emitting diode (OLED) arranged on the

substrate;

a thin film encapsulation layer arranged on the substrate to

cover the OLED; and

an anti-reflection layer arranged on the thin film encapsu-

lation layer and including a dielectric layer and a metal
layer.

2. The display device of claim 1, wherein the anti-reflection
layer comprises a plurality of dielectric layers and a plurality
of metal layers, wherein ones of the dielectric layers and ones
of the metal layers are alternately stacked.

3. The display device of claim 1, wherein the dielectric
layer includes at least one material selected from a group
consisting of SiO,, TiO,, Zr0O,, Ta,0,, HO,, Al,O,, ZnO,
Y,0,, BeO, MgO, PbO,, WO,, VO, SiN}, eN,, AIN, ZnS,
Cds, SiC, SiCN, MgF, CaF,, NaF, BaF,, PbF,, LiF, LaF;, and
GaP.

4. The display device of claim 1, wherein the metal layer
includes at least one metal selected from a group consisting of
Al,Ag, Mg, Cr, Ti, Ni, Au, Ta, Cu, Ca, Co, Fe, Mo, W, Pt, and
Yb.

5. The display device of claim 1, wherein the thin film
encapsulation layer includes at least one inorganic material
layer.

6. The display device of claim 5, wherein the inorganic
material layer comprises at least one material selected from a
group consisting of silicon nitride, aluminum nitride, zirco-
nium nitride, titanium nitride, hafhium nitride, tantalum
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nitride, silicon oxide, aluminum oxide, titanium oxide, tin
oxide, cerium oxide and silicon oxynitride (SiON).

7. The display device of claim 5, wherein the thin film
encapsulation layer further comprises at least one organic
material layer.

8. The display device of claim 7, wherein the thin film
encapsulation layer comprises a plurality of inorganic mate-
rial layers and a plurality of organic material layers, wherein
ones of the inorganic material layers and ones of the organic
material layers are alternately stacked.

9. The display device of claim 7, wherein the organic
material layer include at least one material selected from a
group consisting of epoxy resin, acryl resin, perylene resin
and polyimide resin.

10. The display device of claim 1, further comprising an
interference preventing layer arranged between the thin film
encapsulation layer and the anti-reflection layer.

11. The display device of claim 10, wherein the interfer-
ence preventing layer is comprised of a transparent material.

12. The display device of claim 10, wherein the interfer-
ence preventing layer has a thickness in a range of 100 nm to
10 pm.

13. The display device of claim 1, further comprising a thin
film transistor (TFT) to drive the OLED.

14. The display device of claim 13, wherein the TFT com-
prises an active layer comprised of a material selected from a
group consisting of amorphous silicon, polycrystalline sili-
con and an oxide.

15. A method of manufacturing a display device, compris-
ing:

forming an organic light emitting diode (OLED) on a sub-

strate;

forming a thin film encapsulation layer on the substrate to

cover the OLED; and

forming an anti-reflection layer on the thin film encapsu-

lation layer, the anti-reflection layer including a dielec-
tric layer and a metal layer.

16. The method of claim 15, wherein the forming of the
thin film encapsulation layer comprises forming at least one
inorganic material layer.

17. The method of claim 16, wherein the at least one
inorganic material layer comprises at least one material
selected from a group consisting of silicon nitride, aluminum
nitride, zirconium nitride, titanium nitride, hafnium nitride,
tantalum nitride, silicon oxide, aluminum oxide, titanium
oxide, tin oxide, cerium oxide and silicon oxynitride (SiON).

18. The method of claim 15, wherein the forming of the
thin film encapsulation layer comprises forming a plurality of
inorganic material layers and a plurality of organic material
layers, wherein ones of the inorganic material layers and ones
of the organic material layers are alternately stacked on each
other.

19. The method of claim 18, wherein each of the organic
material layers include at least one material selected from a
group consisting of epoxy resin, acryl resin, perylene resin
and polyimide resin.

20. The method of claim 15, wherein the forming of the
anti-reflection layer comprises forming a plurality of dielec-
tric layers and a plurality of metal layers, wherein ones of the
dielectric layers and ones of the metal layers are alternately
stacked on each other.

21. The method of ¢laim 20, wherein each of the dielectric
layers include at least one material selected from a group
consisting of Si0,, Ti0,, Zr0,, Ta,0s, HfO,, Al,O,, Zn0,
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Y,0;, BeO, MgO, PbO,, WO;, VO,, SiN,, eN,, AIN, ZnS,
Cds, SiC, SiCN, MgF, CaF,, NaF, BaF,, PbF,, LiF, LaF;, and
GaP.

22. The method of claim 20, wherein each of the metal
layers include at least one material selected from a group
consisting of Al, Ag, Mg, Cr, Ti, Ni, Au, Ta, Cu, Ca, Co, Fe,
Mo, W, Pt, and Yb.

23. The method of claim 15, further comprising an intet-
ference preventing layer interposed between the thin film
encapsulation layer and the anti-reflection layer.

24. The method of claim 23, wherein the interference pre-
venting layer is comprised of a transparent material.

* % % k¥
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