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7) ABSTRACT

The present invention relates to an OLED device and a cor-
responding display apparatus, which includes a metal cath-
ode; an organic emitter layer which is disposed on the metal
cathode; a transparent cathode which is disposed on the
organic emitter layer; and a reflective layer which is disposed
between the metal cathode and the organic emitter layer. The

(51) Int.ClL reflective layer is an Ag—Mg—Cu alloy layer. The OLED
HOIL 51/52 (2006.01) device and the corresponding display apparatus of the present
HOIL 27/32 (2006.01) invention have low production cost and high light outputted
HOIL 51/50 (2006.01) efficiency.

28

LY
\ y\a
26
X : < AT 23
T T =N ‘&\/24

S

..................................................... b | AN 2D
< N9

PaN A




Patent Application Publication  Apr. 30,2015 Sheet 1 of 5 US 2015/0115224 A1

R,

A @
N /ﬁi

£ PILISL AT LTLDLHE D, o

FIG. 1 (Prior art)

28

FIG. 2



Patent Application Publication  Apr. 30,2015 Sheet 2 of 5 US 2015/0115224 A1

LE e N —
n& =4+ hefore heating
18 g :

== after heating /ﬂ

2 -

0.8

i

&4 -

03 A

surface roughness (nm )

6 - — ; NPRE——— - e )
12 43% 0 14% 1SR 1% 17% 18w 19%

weight percentage of Mg

FIG. 3

oy \
et
= \
5 bl 45O RIT v
O §
% 86 1 il SR OTIM
oo e 6500
88 i - T - g T o 4

6Gnm  B0nm  100hm  120nm  140nm APCBOAM
Thickness of Ag-Mg-Cu alloy layer

FIG. 4



Patent Application Publication  Apr. 30,2015 Sheet 3 of 5 US 2015/0115224 A1




Patent Application Publication  Apr. 30,2015 Sheet 4 of 5 US 2015/0115224 A1




Patent Application Publication  Apr. 30,2015 Sheet 5 of 5 US 2015/0115224 A1

100 -
478
98 -
e 96
&,
5]
&
592 A
= 821 awelpons AG-PA-CU
e | wndifiee AQ-Mg-Cit
3& " & ¥ 't
450nm S50nm; #50nm

FIG. 9



US 2015/0115224 Al

OLED DEVICE AND CORRESPONDING
DISPLAY APPARATUS

FIELD OF THE INVENTION

[0001] The present invention relates to an organic elec-
troluminescent field, and especially to an organic light-emit-
ting diode (OLED) device being capable of raising a light
outputted efficiency and a corresponding display apparatus.

BACKGROUND OF THE INVENTION

[0002] A liquid crystal display (LCD) has a perfect display
effect in the case of no ambient light, but the display effect
becomes poor when the ambient light (e.g. sunlight) exists.
Therefore, as to the drawback of the LCD, an OLED display
apparatus has been developed. The OLED display apparatus
includes an anode, a cathode, and an organic emitter layer
which is disposed between the anode and the cathode. When
the OLED display apparatus operates, an anode hole and a
cathode electron are combined in the organic emitter layer,
thereby forming an exciton of an electron-hole pair. When the
exciton goes back to a ground state, the exciton releases
energy for light emission.

[0003] Thus, the OLED display apparatus is a self-lumi-
nous display apparatus. In comparison with the LCD, visibil-
ity and brightness of the OLED display apparatus are higher,
and the device can achieve the better display effect when the
ambient light exists. Meanwhile, a color filter and a backlight
module do not need to be additionally disposed in the OLED
display apparatus, so the device further has characteristics of
compact size, high contrast ratio, high color saturation, wide
viewing angle, high response, low power consumption, and
SO on.

[0004] FIG.1isaschematic drawing illustrating an OLED
device in the prior art. The OLED device includes a substrate
11, metal cathodes 12, transparent cathodes 13, and organic
emitter layers 14 which are disposed between the metal cath-
odes 12 and the transparent cathodes 13. Furthermore, there
are spacers 18 disposed between the different organic emitter
layers 14. The metal cathode 12 herein is an opaque Ag
electrode. Besides serving as the electrode, the metal cathode
12 further can be utilized to reflect part of the light emitted
from the organic emitter layer 14, so that part of the light are
emitted from the transparent cathode 13. In order to enhance
the light reflection of the metal cathode 12, a reflective layer
(not shown in the drawing) can be disposed on a surface of the
metal cathode 12. Material of the reflective layer is Ag—Pd—
Cu alloy, which consists of silver 90 to 95% by weight,
palladium 4 to 8% by weight, and copper about 1% by weight.
Production cost of the reflective layer is very high, because
the silver of precious metals has a high proportion. Moreover,
an alloy system of the Ag—Pd—Cu alloy 1s a solid solution
structure, and metal atoms are distributed as the solid solution
in the material. Crystal grains of the silver easily grow abnor-
mally due to a temperature factor in fabricating processes,
thus resulting in a rougher surface of the reflective layer.
Therefore, an efficiency of the light reflection is influenced,
and then the corresponding light outputted efficiency is also
influenced.

[0005] Therefore, there is a significant need to provide an
OLED device and a corresponding display apparatus for solv-
ing the problems existing in the prior art.
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SUMMARY OF THE INVENTION

[0006] An objective ofthe present invention is to provide an
OLED device with low production cost and a high light out-
putted efficiency as well as a corresponding display appara-
tus, thereby solving the problems of the high production cost
and the low light outputted efficiency in the conventional
OLED device and the corresponding display apparatus.
[0007] To achieve the foregoing objective, the technical
solution of this invention is implemented as follows.

[0008] The present invention relates to an OLED device,
which includes: a metal cathode; an organic emitter layer
disposed on the metal cathode; a transparent cathode dis-
posed on the organic emitter layer; and a reflective layer
disposed between the metal cathode and the organic emitter
layer. The reflective layer is an Ag—Mg—Cu alloy layer; a
weight percentage of magnesium ranges between 12% and
19% in the Ag—Mg—Cu alloy layer. A thickness of the
Ag—Mg—Cu alloy layer ranges between 80 nanometers and
150 nanometers.

[0009] In the OLED device of the present invention, the
weight percentage of magnesium ranges between 14% and
17% in the Ag—Mg—Cu alloy layer.

[0010] In the OLED device of the present invention, the
thickness of the Ag—Mg—Cu alloy layer ranges between
100 nanometers and 140 nanometers.

[0011] In the OLED device of the present invention, the
OLED device further includes a buffer layer disposed on the
transparent cathode and includes a transparent protective
layer disposed on the buffer layer.

[0012] In the OLED device of the present invention, the
organic emitter layer includes a blue organic emitter layer, a
green organic emitter layer, and a red organic emitter layer.
[0013] The present invention further relates to an OLED
device, which includes: a metal cathode; an organic emitter
layer disposed on the metal cathode; a transparent cathode
disposed on the organic emitter layer; and a reflective layer
disposed between the metal cathode and the organic emitter
layer, wherein the reflective layer is an Ag—Mg—Cu alloy
layer.

[0014] In the OLED device of the present invention, a
weight percentage of magnesium ranges between 12% and
19% in the Ag—Mg—Cu alloy layer.

[0015] In the OLED device of the present invention, the
weight percentage of magnesium ranges between 14% and
17% in the Ag—Mg—Cu alloy layer.

[0016] In the OLED device of the present invention, a
thickness of the Ag—Mg—Chu alloy layer ranges between 80
nanometers and 150 nanometers.

[0017] 1In the OLED device of the present invention, the
thickness of the Ag—Mg—Cu alloy layer ranges between
100 nanometers and 140 nanometers.

[0018] In the OLED device of the present invention, the
OLED device further includes a buffer layer disposed on the
transparent cathode and includes a transparent protective
layer disposed on the buffer layer.

[0019] In the OLED device of the present invention, the
organic emitter layer includes a blue organic emitter layer, a
green organic emitter layer, and a red organic emitter layer.
[0020] The present invention further relates to a display
apparatus, which includes a plurality of OLED devices and a
drive circuit. Each OLED device includes: a metal cathode;
an organic emitter layer disposed on the metal cathode; a
transparent cathode disposed on the organic emitter layer; and
areflective layer disposed between the metal cathode and the
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organic emitter layer, wherein the reflective layer is an
Ag—Mg—Cu alloy layer. The drive circuit is utilized to
control the plurality of OLED devices for luminescence.
[0021] In the display apparatus of the present invention, a
weight percentage of magnesium ranges between 12% and
19% in the Ag—Mg—Cu alloy layer.

[0022] Inthe display apparatus of the present invention, the
weight percentage of magnesium ranges between 14% and
17% in the Ag—Mg—Cu alloy layer.

[0023] In the display apparatus of the present invention, a
thickness of the Ag—Mg—Cu alloy layer ranging between
80 nanometers and 150 nanometers.

[0024] Inthedisplay apparatus of the present invention, the
thickness of the Ag—Mg—Cu alloy layer ranges between
100 nanometers and 140 nanometers.

[0025] Inthedisplay apparatus of the present invention, the
OLED device further includes a buffer layer disposed on the
transparent cathode and includes a transparent protective
layer disposed on the buffer layer.

[0026] Inthe display apparatus of the present invention, the
organic emitter layer includes a blue organic emitter layer, a
green organic emitter layer, and a red organic emitter layer.
[0027] In comparison with the conventional OLED device
and the corresponding display apparatus, the OLED device
and the corresponding display apparatus of the present inven-
tion have low production cost and a light outputted efficiency;
therefore, the problems of the high production cost and the
low light outputted efficiency in the conventional OLED
device and the corresponding display apparatus are solved.
[0028] Itistobeunderstood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

DESCRIPTION OF THE DRAWINGS

[0029] FIG.11isaschematic drawing illustrating an OLED
device in prior art;

[0030] FIG. 2 is a schematic drawing illustrating an OLED
device according to a preferred embodiment of the present
invention;

[0031] FIG. 3 is a schematic drawing illustrating surface
roughness relating to various contents of the magnesium in
the Ag—Mg—Cu alloy layer;

[0032] FIG. 4 is a spectrum illustrating reflectivities relat-
ing to various thicknesses of the Ag—Mg—Cu alloy layer;
[0033] FIG. 5 is a morphological drawing illustrating the
surface roughness of the Ag—Mg—Cu alloy layer after the
heat treatment;

[0034] FIG. 6 is a morphological drawing illustrating the
surface roughness of the Ag—Mg—Cu alloy layer after the
heat treatment;

[0035] FIG. 7 is a morphological drawing illustrating the
surface roughness of the Ag—Pd—Cu alloy layer before the
heat treatment;

[0036] FIG. 8 is a morphological drawing illustrating the
surface roughness of the Ag—Pd—Cu alloy layer after the
heat treatment; and

[0037] FIG.9is a spectrum illustrating reflectivities of the
Ag—Mg——Cu alloy layer and the Ag—Pd—Cu alloy layer
relating to various wavelengths.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0038] Descriptions of the following embodiments refer to
attached drawings which are utilized to exemplify specific
embodiments. Directional terms mentioned in the present
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invention, such as “top” and “down”, “front”, “rear”, “left”,
“right”, “inside”, “outside”, “side” and so on are only direc-
tions with respect to the attached drawings. Therefore, the
used directional terms are utilized to explain and understand
the present invention but not to limit the present invention.
[0039] In different drawings, the same reference numerals
refer to like parts throughout the drawings.

[0040] Referring to FIG. 2, FIG. 2 is a schematic drawing
illustrating an OLED device according to a preferred embodi-
ment of the present invention. The OLED device includes a
substrate 21, a metal cathode 22, an organic emitter layer 24,
a transparent cathode 23, a reflective layer 25, a buffer layer
26, and a transparent protective layer 27. The metal cathode
22 herein is disposed on the substrate 21; the organic emitter
layer 24 is disposed on the metal cathode 22; the transparent
cathode 23 is disposed on the organic emitter layer 24. The
buffer layer 26 is disposed on the transparent cathode 23 for
flattening a surface of the OLED device. The transparent
protective layer 27 is disposed on the buffer layer 26 for
reducing the influence from outside environment on the
OLED device. The organic emitter layer may include a blue
organic emitter layer, a green organic emitter layer, and a red
organic emitter layer; the different organic emitter layers are
isolated by spacers 28. The reflective layer 25 is disposed 24
between the metal cathode 22 and the organic emitter layer
24, and utilized to reflect the light emitted from the organic
emitter layer 24, so that the reflected light is emitted from the
transparent cathode 23, thereby raising the light outputted
efficiency of the OLED device. The reflective layer 25 is an
Ag—Mg—Cu alloy layer, in which a weight percentage of
copper is about 1%; a weight percentage of magnesium
ranges between 12% and 19%, preferably 14% and 17%. A
thickness of the Ag—Mg—Cu alloy layer ranges between 80
nanometers and 150 nanometers.

[0041] The Ag—Mg—Cu alloy layer is utilized to serve as
the reflective layer 25 in the OLED device of the present
invention. The crystal structure of magnesium atoms in the
Ag—Mg—Cu alloy layer is a close-packed hexagonal struc-
ture, and the magnesium atom is capable of forming a stable
intermetallic compound with the silver atom in the
Ag—Mg—Cu alloy layer, so that the preparation of the
Ag—Mg—Cu alloy layer is more stable. Meanwhile, during
preparing and using the Ag—Mg—Cu alloy layer, the
formed, stable Ag—Mg intermetallic compound can effec-
tively pin and hinder a growth of the Ag crystal grains, stem-
ming from surface energy of the silver, in the Ag—Mg—Cu
alloy layer. Accordingly, the surface of the Ag—Mg—Cu
alloy layer is smoother during preparing and using the
Ag—Mg—Cu alloy layer. Meanwhile, the magnesium is
similar to the silver; both are white and silver. As a result, the
efficiency of the light reflection can be greatly increased, so as
to raise the light outputted efficiency of the display apparatus.
[0042] When the Ag—Mg—Cu alloy layer of the present
invention is utilized to serve as the reflective layer 25, the
weight percentage of the magnesium in the Ag—Mg—Cu
alloy layer should not be too high or too low. If the weight
percentage of the magnesium is too high, it may cause that the
stable Ag—Mg intermetallic compound can not be formed
from the magnesium atom and the silver atom, but a mixture
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of AgMg and AgMg; is formed. Thus, complex and diversi-
fied structures will reduce the stability to a considerable
degree during preparing and using the material. If the weight
percentage of the magnesium is too low, the weight percent-
age of the silver needs to be greatly increased (the doped
cooper is a trace element with about 1% by weight), thereby
making the production cost of the reflective layer 25 greatly
raised. The experiment results show that it can achieve a
better result while the weight percentage of the magnesium
ranges between 12% and 19% in the Ag—Mg—Cu alloy
layer. It can achieve the best result while the weight percent-
age of the magnesium ranges between 14% and 17% in the
Ag—Mg—Cu alloy layer. The specific description is as fol-
lows.

[0043] Referring to FIG. 3, FIG. 3 is a schematic drawing
illustrating surface roughness relating to various contents of
the magnesium in the Ag—Mg—Cu alloy layer. Fight
samples of the Ag—Mg—Cu alloy layers with the weight
percentages 12%-19% of the magnesium in the Ag—Mg—
Cu alloy layer are tested. Then the eight samples of the
Ag—Mg—Cau alloy layers are thermally processed, that is,
said samples are placed in a nitrogen protection oven to heat
to 25007 for one hour and then the surface roughness test is
performed again after them are taken out of the oven. It can be
seen from the drawing that the surface roughnesses of the
weight percentages 14%-17% of the magnesium in the
Ag—Mg—Cu alloy layer are lower; thus, the reflection per-
formance is better.

[0044] A thickness of the Ag—Mg—Cu alloy layer of the
present invention ranges best between 80 nanometers and 150
nanometers. If the thickness of the Ag—Mg—Cu alloy layer
is too large, the surface roughness of the reflective layer 25 is
too high, on the contrary, such that the reflection efficiency of
the reflective layer 25 is decreased. If the thickness of the
Ag—Mg—Cu alloy layer is too small, the light transmittance
of the reflective layer 25 is raised, resulting in low reflection
efficiency of the reflective layer 25. The experiment results
show that it can achieve a better result while the thickness of
the Ag—Mg—Cu alloy layer ranges between 80 nanometers
and 150 nanometers. It can achieve the best result while the
thickness of the Ag—Mg—Cu alloy layer ranges between
100 nanometers and 140 nanometers. The specific description
is as follows.

[0045] Referring to FIG. 4, FIG. 4 is a spectrum illustrating
reflectivities relating to various thicknesses of the Ag—Mg—
Cu alloy layer. It can be seen from the drawing that the
Ag—Mg—Cualloy layer with the thickness ranging between
100 nanometers and 140 nanometers has higher reflectivities
either for the light with longer wavelength or for the light with
shorter wavelength and has better reflection performances.
[0046] That the reflection performance of the Ag—Mg—
Cu alloy reflective layer of the present invention is much
better than the Ag—Pd—Cu alloy reflective layer in the prior
art will now be described with reference to FIG. 5 to FIG. 8
and corresponding experiment data. FIG. 5 is a morphologi-
cal drawing illustrating the surface roughness of the
Ag—Mg—Cu alloy layer before a heat treatment; FIG. 6is a
morphological drawing illustrating the surface roughness of
the Ag—Mg—Cu alloy layer after the heat treatment; FIG. 7
is a morphological drawing illustrating the surface roughness
of the Ag—Pd—Cu alloy layer before the heat treatment;
FIG. 8 is a morphological drawing illustrating the surface
roughness of the Ag—Pd—Cualloy layer after the heat treat-
ment.
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[0047] The Ag—Mg—Cualloy layer and the Ag—Pd—Cu
alloy layer herein are made by sputtering, and the thicknesses
of both are 120 nanometers. Before a heat treatment a surface
roughness test for the Ag—Mg—Cu alloy layer and the
Ag—Pd—Cu alloy layer is performed by using an atomic
force microscopy. The surface roughness (Ra) of the
Ag—Mg—Cu alloy layer in FIG. 5 is 0.72 nanometer; the
surface roughness of the Ag—Pd—Cu alloy layerin FIG. 7 is
0.84 nanometer. It can be seen from the foregoing that the
surface flatness of the Ag—Mg—Cu alloy layer is better than
that of the Ag—Pd—Cu alloy layer under a condition of the
reflective layers with the same thicknesses. Then the
Ag—Pd—Cu alloy layer and the Ag—Mg—Cau alloy layers
are thermally processed. That is, them are placed in the nitro-
gen protection oven to heat to 250 for one hour and then the
surface roughness test is performed again after them are taken
out of the oven. The surface roughness of the Ag—Mg—Cu
alloy layer after the heat treatment in FIG. 6 is 1.29 nanom-
eters; the surface roughness of the Ag—Pd—Cu alloy layer
after the heat treatment in FIG. 8 is 2.71 nanometers. It can be
seen from the foregoing that the surface roughness of the
Ag—Pd—Cu alloy layer has increased over 3 times, and the
surface roughness of the Ag—Mg—Cu alloy layer has only
increased less than 2 times. Thus, reliability or endurance of
the Ag—Mg—Cu alloy layer is also better than that of the
Ag—Pd—Cu alloy layer.

[0048] Referring to FIG. 9, F1G. 9 is a spectrum illustrating
reflectivities of the Ag—Mg—Cu alloy layer and the
Ag—Pd—Cu alloy layer relating to various wavelengths.
Similarly, the Ag—Mg—Cu alloy layer and the Ag—Pd—Cu
alloy layer herein are made by sputtering, and the thicknesses
of both are 120 nanometers. As shown in the drawing, as to
blue light of wavelength 450 nm, the reflectivity of the
Ag—Mg—Cu alloy layer is 95.3%, and the reflectivity of the
Ag—Pd—Cu alloy layer is 92.1%; as to yellowish-green
light of wavelength 550 nm, the reflectivity ofthe Ag—Mg—
Cu alloy layer is 97.1%, and the reflectivity of the Ag—Pd—
Cu alloy layer is 94.6%; as to red light of wavelength 650 nm,
the reflectivity of the Ag—Mg—Cu alloy layer is 97.9%, and
the reflectivity of the Ag—Pd—Cu alloy layer is 96.2%. In
the wavelengths ranging from 450 nanometers to 650 nanom-
eters, the reflectivities of the Ag—Mg—Cu alloy layer are all
better than that of the Ag—Pd—Cu alloy layer.

[0049] The present invention further relates to a display
apparatus. The display apparatus includes a plurality of
OLED devices. The OLED device includes a substrate; a
metal cathode which is disposed on the substrate; an organic
emitter layer which is disposed on the metal cathode; a trans-
parent cathode which is disposed on the organic emitter layer;
and a reflective layer which is disposed between the metal
cathode and the organic emitter layer. The reflective layer is
an Ag—Mg—Cu alloy layer, and the drive circuit is utilized
to control the plurality of OLED devices for luminescence. A
weight percentage of magnesium preferably ranges between
12% and 19% in the Ag—Mg—Cu alloy layer; the weight
percentage of magnesium best ranges between 14% and 17%
in the Ag—Mg—Cualloy layer. Preferably, a thickness ofthe
Ag—Mg—Cu alloy layer ranges between 80 nanometers and
150 nanometers.

[0050] Specific implementing method and advantageous
effects of the display apparatus of the present invention are
the same or similar to the above-mentioned embodiment of
the OLED device, and detail describes can refer to the above-
mentioned embodiment of the OLED device.
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[0051] Insummary, the OLED device and the correspond-
ing display apparatus of the present invention employ mag-
nesium metal to replace palladium metal for fabricating the
alloy of reflective layer; therefore, the production cost can be
significantly reduced. Meanwhile, the reliability, the endur-
ance, and the reflection efficiency of the reflective layer can be
improved by using the Ag—Mg—Cu alloy layer to serve as
reflective layer, so as to increase the light outputted efficiency
of the display apparatus. The problems of the high production
cost and the low light outputted efficiency in the conventional
OLED device and the corresponding display apparatus are
solved.

[0052] While the preferred embodiments of the present
invention have been illustrated and described in detail, vari-
ous modifications and alterations can be made by persons
skilled in this art. The embodiment of the present invention is
therefore described in an illustrative but not restrictive sense.
It is intended that the present invention should not be limited
to the particular forms as illustrated, and that all modifications
and alterations which maintain the spirit and realm of the
present invention are within the scope as defined in the
appended claims.

What is claimed is:

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

ametal cathode;

an organic emitter layer disposed on the metal cathode;

atransparent cathode disposed on the organic emitter layer;

and

a reflective layer disposed between the metal cathode and

the organic emitter layer, the reflective layer being an
Ag—Mg—Cu alloy layer;

a weight percentage of magnesium ranging between 12%

and 19% in the Ag—Mg—Cu alloy layer;

a thickness of the Ag—Mg—Cu alloy layer ranging

between 80 nanometers and 150 nanometers.

2. The OLED device according to claim 1, wherein the
weight percentage of magnesium ranges between 14% and
17% in the Ag—Mg—Cu alloy layer.

3. The OLED device according to claim 1, wherein the
thickness of the Ag—Mg—Cu alloy layer ranges between
100 nanometers and 140 nanometers.

4. The OLED device according to claim 1, wherein the
OLED device further comprises a buffer layer disposed on the
transparent cathode and comprises a transparent protective
layer disposed on the buffer layer.

5. The OLED device according to claim 1, wherein the
organic emitter layer comprises a blue organic emitter layer,
a green organic emitter layer, and a red organic emitter layer.

6. An OLED device, comprising:

ametal cathode;

an organic emitter layer disposed on the metal cathode;

atransparent cathode disposed on the organic emitter layer;

and

Apr. 30, 2015

a reflective layer disposed between the metal cathode and
the organic emitter layer, wherein the reflective layer is
an Ag—Mg—Cu alloy layer.

7. The OLED device according to claim 6, wherein a
weight percentage of magnesium ranges between 12% and
19% in the Ag—Mg—Cau alloy layer.

8. The OLED device according to claim 7, wherein the
weight percentage of magnesium ranges between 14% and
17% in the Ag—Mg—Cu alloy layer.

9. The OLED device according to claim 6, wherein a thick-
ness of the Ag—Mg—Cu alloy layer ranges between 80
nanometers and 150 nanometers.

10. The OLED device according to claim 9, wherein the
thickness of the Ag—Mg—Cu alloy layer ranges between
100 nanometers and 140 nanometers.

11. The OLED device according to claim 6, wherein the
OLED device further comprises a buffer layer disposed on the
transparent cathode and comprises a transparent protective
layer disposed on the buffer layer.

12. The OLED device according to claim 6, wherein the
organic emitter layer comprises a blue organic emitter layer,
a green organic emitter layer, and a red organic emitter layer.

13. A display apparatus, comprising:

a plurality of OLED devices, each of which comprises:

a metal cathode;

an organic emitter layer disposed on the metal cathode;

a transparent cathode disposed on the organic emitter
layer; and

a reflective layer disposed between the metal cathode
and the organic emitter layer, the reflective layer
being an Ag—Mg—Cau alloy layer; and

a drive circuit utilized to control the plurality of OLED
devices for luminescence.

14. The display apparatus according to claim 13, wherein a
weight percentage of magnesium ranges between 12% and
19% in the Ag—Mg—Cau alloy layer.

15. The display apparatus according to claim 14, wherein
the weight percentage of magnesium ranges between 14%
and 17% in the Ag—Mg—Cu alloy layer.

16. The display apparatus according to claim 13, wherein a
thickness of the Ag—Mg—Cu alloy layer ranging between
80 nanometers and 150 nanometers.

17. The display apparatus according to claim 16, wherein
the thickness of the Ag—Mg—Cu alloy layer ranges between
100 nanometers and 140 nanometers.

18. The display apparatus according to claim 13, wherein
the OLED device further comprises a buffer layer disposed on
the transparent cathode and comprises a transparent protec-
tive layer disposed on the buffer layer.

19. The display apparatus according to claim 13, wherein
the organic emitter layer comprises a blue organic emitter
layer, a green organic emitter layer, and a red organic emitter
layer.
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