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QUASI-CRYSTAL ORGANIC
LIGHT-EMITTING DISPLAY PANEL AND
METHOD FOR SIMULATING OPTICAL

EFFICIENCY OF THE SAME
BACKGROUND
[0001] 1. Technical Field
[0002] The invention relates to a display panel and a simu-

lation method, and particularly relates to a quasi-crystal
organic light-emitting display panel and a method for simu-
lating optical efficiency of the same.

[0003] 2. Related Art

[0004] Since organic light-emitting display panel has
advantages of self-luminous, wide viewing angle, low power
consumption, easy procedure, low cost, wide operation tem-
perature, high response speed, full color, etc., it is expected to
become a mainstream of flat panel display of the next gen-
eration, and is widely applied in flat panel display devices,
head-mounted display devices or touch display devices, etc.
[0005] Generally, the organic light-emitting display panel
is composed of a first electrode layer, a second electrode layer
disposed on a substrate and an organic light-emitting layer
disposed between the two electrode layers. The substrate and
the second electrode layer contacting the substrate generally
adopt a transparent material to facilitate the light generated by
the organic light-emitting layer emitting out from the sub-
strate. A refractive index of the second electrode layer is
generally greater than a refractive index of the substrate, and
the refractive index of the substrate is greater than a refractive
index of air. Since when the light enters a low refractive index
material from a high refractive index material, the light is
liable to have a total reflection at an interface between the high
and low refractive index materials, the light emitted by the
organic light-emitting layer probably has the total reflection
at the interface between the second electrode layer and the
substrate and at the interface between the substrate and the air,
such that optical efficiency of the organic light-emitting dis-
play panel is poor.

SUMMARY

[0006] The invention is directed to a quasi-crystal organic
light-emitting display panel, which has a good optical effi-
ciency.

[0007] The invention is directed to a method for simulating

optical efficiency of quasi-crystal organic light-emitting dis-
play panel, by which optical efficiencies of the quasi-crystal
organic light-emitting display panel with different quasi-
crystal layers are simulated.

[0008] Theinventionprovides aquasi-crystal organic light-
emitting display panel including a first electrode layer, an
organic light-emitting layer, a second electrode layer, a buffer
layer, a 10-fold quasi-crystal layer and a package cover. The
organic light-emitting layer is located on the first electrode
layer. The second electrode layer is located on the organic
light-emitting layer. The buffer layer is located on the second
electrode layer. The 10-fold quasi-crystal layer is located on
the buffer layer. The package cover is located on the 10-fold
quasi-crystal layer.

[0009] The invention provides a method for simulating
optical efficiency of quasi-crystal organic light-emitting dis-
play panel, which includes following steps. A quasi-crystal
organic light-emitting display panel is provided, where the
quasi-crystal organic light-emitting display panel includes a
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first electrode layer, an organic light-emitting layer, a second
electrode layer, a buffer layer, a 10-fold quasi-crystal layer
and a package cover, the organic light-emitting layer is
located on the first electrode layer, the second electrode layer
is located on the organic light-emitting layer, the buffer layer
is located on the second electrode layer, the 10-fold quasi-
crystal layer is located on the buffer layer, and the package
cover is located on the 10-fold quasi-crystal layer. A finite-
difference time-domain (FDTD) method is used to simulate a
radiation pattern formed by a radiation emitted by the organic
light-emitting layer that reaches an interface between the
package cover and the 10-fold quasi-crystal layer. The radia-
tion pattern of the radiation at the interface between the pack-
age cover and the 10-fold quasi-crystal layer is transformed
through a near-to-far-field (NTFF) transformation to obtain a
radiation pattern of the radiation at a surface of the package
cover away from the 10-fold quasi-crystal layer. The radiation
pattern of the radiation leaving the quasi-crystal organic light-
emitting display panel is simulated through geometric optics,
and energies of the radiation in the air medium on different
angle directions are summed to obtain the optical efficiency.
[0010] According to the above descriptions, based on con-
figuration of the quasi-crystal layer, a light extraction effi-
ciency of the quasi-crystal organic light-emitting display
panel is improved. Particularly, proved through simulation,
the 10-fold quasi-crystal layer adopted by the quasi-crystal
organic light-emitting display panel is a quasi-crystal layer
capable of providing a relatively ideal scattering effect.
Therefore, the quasi-crystal organic light-emitting display
panel of the invention has good optical efficiency.

[0011] In order to make the aforementioned and other fea-
tures and advantages of the invention comprehensible, sev-
eral exemplary embodiments accompanied with figures are
described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0013] FIG. 11is a cross-sectional view of an organic light-
emitting display panel according to an embodiment of the
invention.

[0014] FIG. 2 is a top view of a 10-fold quasi-crystal layer
inFIG. 1.
[0015] FIG. 3isarelationship diagram oflattice constant of

a quasi-crystal layer and enhancement factor.

[0016] FIG. 4 illustrates radiation patterns used for evalu-
ating optical efficiency.

[0017] FIG. 5 illustrates radiation patterns of the organic
light-emitting display panel applying the 10-fold quasi-crys-
tal layers with different lattice constants.

DETAILED DESCRIPTION OF DISCLOSED
EMBODIMENTS

[0018] FIG. 11is a cross-sectional view of an organic light-
emitting display panel according to an embodiment of the
invention. FIG. 2 is atop view of a 10-fold quasi-crystal layer
in FIG. 1. Referring to FIG. 1, the quasi-crystal organic light-
emitting display panel 100 includes a first electrode layer 110,
an organic light-emitting layer 120, a second electrode layer
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130, a buffer layer 140, a 10-fold quasi-crystal layer 150 and
a package cover 160. The organic light-emitting layer 120 is
located on the first electrode layer 110. The second electrode
layer 130 is located on the organic light-emitting layer 120.
The buffer layer 140 is located on the second electrode layer
130. The 10-fold quasi-crystal layer 150 is located on the
buffer layer 140. The package cover 160 is located on the
10-fold quasi-crystal layer 150.

[0019] As shown in FIG. 1, the package cover 160 has an
outer surface S1 and an inner surface S2 opposite to the outer
surface S1. The 10-fold quasi-crystal layer 150, the buffer
layer 140, the second electrode layer 130, the organic light-
emitting layer 120 and the first electrode layer 110 are, for
example, sequentially stacked on the inner surface S2. In
detail, the 10-fold quasi-crystal layer 150 is disposed between
the package cover 160 and the buffer layer 140, which is
adapted to decrease an interface total reflection to improve a
light extraction efficiency. As shown in FIG. 2, the 10-fold
quasi-crystal layer 150 has a two-dimensional (2D) periodic
structure of 10-fold rotational symmetry, and an atomic
arrangement thereof is shown in a following equation (1):

flx y)= Equation (1)
"ol 21

Z cos[2rxcos(2an [npyg) [ a+ 2rysin(2zn [ n ) [ a)

n=0

[0020] Where, a is a lattice constant of the 10-fold quasi-
crystal layer 150, and n;, is a fold number of the rotational
symmetry, for example, n,,, of 8-fold quasi-crystal layer is 8,
and n,,, of 10-fold quast-crystal layer is 10.

[0021] Thebufferlayer 140is disposed between the 10-fold
quasi-crystal layer 150 and the second electrode layer 130,
which is adapted to provide a flat carrying surface to the
second electrode layer 130. In the present embodiment, a
material of the buffer layer 140 includes silicon nitride. The
organic light-emitting layer 120 is disposed between the sec-
ond electrode layer 130 and the first electrode layer 110. The
organic light-emitting layer 120, for example, includes an
electron transport layer 122 and a hole transport layer 124,
where the electron transport layer 122 is disposed between
the hole transport layer 124 and the first electrode layer 110.

[0022] The light of the quasi-crystal organic light-emitting
display panel 100 is, for example, emitted from the outer
surface S1 of the package cover 160. Therefore, the first
electrode layer 110 is preferably a reflective electrode layer to
reflect the light come from the organic light-emitting layer
120, such that the light transmitted to the first electrode layer
110 is transmitted back and emits from the outer surface S1 of
the package cover 160. For example, a material of the first
electrode layer 110 is metal or metal alloy. On the other hand,
in order to avoid a situation that the second electrode layer
130 shields the light transmitted to the outer surface S1, the
second electrode layer 130 is preferably a transparent elec-
trode layer. For example, a material of the second electrode
layer 130 is a transparent conductive material, such as metal
oxide. The metal oxide includes indium tin oxide, indium zinc
oxide, aluminium tin oxide, aluminium zinc oxide, indium
germanium zinc oxide, or other suitable metal oxides. Alter-
natively, the second electrode layer 130 can also be a stacked
layer of at least two of the above materials.
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[0023] FIG. 3 to FIG. 5 are provided below to describe the
reason why the 10-fold quasi-crystal layer 150 is adopted to
decrease the interface total reflection. FIG. 3 is a relationship
diagram of lattice constant of the quasi-crystal layer and
enhancement factor. FIG. 4 illustrates radiation patterns used
for evaluating the optical efficiency. FIG. 5 illustrates radia-
tion patterns of the organic light-emitting display panel
applying the 10-fold quasi-crystal layers with different lattice
constants. FIG. 3 to FIG. 5 are simulation results of a method
for simulating optical efficiency of the quasi-crystal organic
light-emitting display panel. The method for simulating opti-
cal efficiency of the quasi-crystal organic light-emitting dis-
play panel includes following steps. First, the quasi-crystal
organic light-emitting display panel is provided, for example,
the quasi-crystal organic light-emitting display panel 100 is
provided. Then, a finite-difference time-domain (FDTD)
method is used to simulate a radiation pattern formed by a
radiation emitted by the organic light-emitting layer 120 that
reaches an interface (i.e. the inner surface S2) between the
package cover 160 and the 10-fold quasi-crystal layer 150.
Then, the radiation pattern of the radiation at the interface
between the package cover 160 and the 10-fold quasi-crystal
layer 150 is transformed through a near-to-far-field (NTFF)
transformation to obtain a radiation pattern of the radiation at
a surface (i.e. the outer surface S2) of the package cover 160
away from the 10-fold quasi-crystal layer 150. Thereafter, the
radiation pattern of the radiation leaving the quasi-crystal
organic light-emitting display panel 100 is simulated through
geometric optics. Finally, energies of the radiation in the air
medium on different angle directions are summed to obtain
the optical efficiency.

[0024] In the aforementioned simulation process, the
quasi-crystal organic light-emitting display panel 100 is
divided into three parts. The first part is a near-field structure
within the package cover 160, which includes the first elec-
trode layer 110, the organic light-emitting layer 120, the
second electrode layer 130, the buffer layer 140 and the
10-fold quasi-crystal layer 150. Since thickness of the film
layers in the first part is respectively smaller than a wave-
length size, for example, smaller than 1 um, by using the
FDTD method to simulate interference and diffraction situa-
tions of the radiation in the film layers, a relatively accurate
radiation pattern is obtained.

[0025] The second part is electromagnetic field NTFF pro-
cessing in the package cover 160. Since a thickness of the
package cover 160 is far greater than the wavelength, by using
the NTFF transformation, the radiation pattern irradiate to the
interface between the package cover 160 and the 10-fold
quasi-crystal layer 150 can be transformed to obtain the radia-
tion pattern of the radiation at the surface of the package cover
160 away from the 10-fold quasi-crystal layer 150. Further,
according to a surface equivalence theorem, a virtual surface
S is used to completely encircle a scattering body, and the

FDTD method is used to calculate an equivalent current T,
and an equivalent magnetic current M, along a tangent direc-
tion of the scattering body, and the equivalent current J gand

the equivalent magnetic current M on the virtual surface S
can be obtained as shown in following equations (2) and (3):
M,=—#xE, Equation (2)

7 =ixH, FEquation (3)
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[0026] Where, fi is a normal vector of the virtual surface S.
Then, a NTFF transformation equation may refer to following
equations (4)-(13):

E =0 Equation (4)
jpe P Equation (5)
Eg=- N,
9 dr [ nie]
j ,Be”ﬁ’ Equation (6)
E,= -nN,
(0] dnr [149 n ¢}
H,=0 Equation (7)
Be Equation (8)
Hy = Ny — L,
0 anr [Ny = Lo /]
i Igiﬁr Equation (9)
H,=- N,
¢ anr [No+ Ly /1]
N N N Equation (10
Ng = ff(]xcos&:os;b +J ycostsing — stinG)e’k’jc‘”"’ds quation (10)
N N ; Equation (11
Ny = ff(—stimﬁ + 7 ,cosplel” s quation (11)
s
Ly= Equation (12)
ff(ﬁxcos&:osgb + Wy005051n¢ - Wﬁin@)e’k’,‘m"ds
s
Equation (13)

Ly= ff(—ﬁxsin¢+ Wycosgﬁ)eﬂ"/c‘“wds
H

[0027] Where, E is an electric field, H is a magnetic field, r
is any point outside a near-field space, r' is any point on a
calculation surface of the near-field space, f} is a wave number
of the radiation in a medium, 1 is an intrinsic impedance,\ is
an included angle of r and r'.

[0028] The third partis to use geometric optics to simulate
the radiation pattern of the radiation leaving the quasi-crystal
organic light-emitting display panel 100 to enter the air
medium. For example, when the quasi-crystal organic light-
emitting display panel 100 is applied to a head-mounted
display device, software (for example, LightTools) used for
processing the geometric optics is used to obtain parameters
such as radiation pattern, light flux, etc. of the radiation pass-
ing through a lens set of the head-mounted display device.
Moreover, the enhancement factor EF is defined by a follow-
ing equation:

700 Equation (14)

f f Ppes(0, ¢, VR sin(0)d0d pd A
400

[0 [ [Peon(®. ¢, MR:sin(@)d b ed A

EF =

[0029] Where, R is greater than or equal to 1 mm, P is a
poynting vector of a far-field pattern when a near-field pro-
jection distance is R, Con represents a conventional organic
light-emitting display panel without configuring the quasi-
crystal layer, and Des represents the quasi-crystal organic
light-emitting display panel configured with the quasi-crystal
layer.
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[0030] FIG. 3 to FIG. 5 are far-field patterns simulated
when the thickness of the first electrode layer, the organic
light-emitting layer, the second electrode layer, the buffer
layer and the quasi-crystal layer are respectively 100 nm, 60
nm, 80 nm, 150 nm, 600 nm and 200 nm, where the lattice
constant of 0 represents that the quasi-crystal layer is not
configured. According to FIG. 3, it is obvious that configura-
tion of the quasi-crystal layer avails improving the enhance-
ment factor, particularly within a section where the lattice
constant is smaller than 900 nm. Moreover, when the quasi-
crystal layer is the 10-fold quasi-crystal layer, relatively supe-
rior enhancement factors are obtained. Moreover, according
to FIG. 4 and FIG. 5, it is known that when the lattice constant
of the 10-fold quasi-crystal layer is 500 nm, a superior light
converging effect and light intensity are achieved. Therefore,
by configuring the 10-fold quasi-crystal layer, the quasi-crys-
tal organic light-emitting display panel may have good opti-
cal efficiency.

[0031] In summary, based on configuration of the quasi-
crystal layer, a light extraction efficiency of the quasi-crystal
organic light-emitting display panelis improved. Particularly,
proved through simulation, the 10-fold quasi-crystal layer
adopted by the quasi-crystal organic light-emitting display
panel is a quasi-crystal layer capable of providing a relatively
ideal scattering effect. Therefore, the quasi-crystal organic
light-emitting display panel of the invention has good optical
efficiency.

[0032] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the invention without departing from the scope or spirit
of the invention. In view of the foregoing, it is intended that
the invention cover modifications and variations of this inven-
tion provided they fall within the scope of the following
claims and their equivalents.

1. A quasi-crystal organic light-emitting display panel,
comprising:

a first electrode layer;

an organic light-emitting layer, located on the first elec-

trode layer;

asecond electrode layer, located on the organic light-emit-

ting layer;

a buffer layer, located on the second electrode layer;

a 10-fold quasi-crystal layer, located on the buffer layer;

and

a package cover, located on the 10-fold quasi-crystal layer.

2. The quasi-crystal organic light-emitting display panel as
claimed in claim 1, wherein the first electrode layer is a
reflective electrode layer, and the second electrode layeris a
transparent electrode layer.

3. The quasi-crystal organic light-emitting display panel as
claimed in claim 1, wherein the organic light-emitting layer
comprises an electron transport layer and a hole transport
layer, and the electron transport layer is disposed between the
hole transport layer and the first electrode layer.

4. The quasi-crystal organic light-emitting display panel as
claimed in claim 1, wherein a material of the buffer layer
comprises silicon nitride.

5. The quasi-crystal organic light-emitting display panel as
claimed in claim 1, wherein a thickness of each of the first
electrode layer, the organic light-emitting layer, the second
electrode layer, the buffer layer and the 10-fold quasi-crystal
layer is smaller than 1 pm, and a thickness of the package
cover is greater than 1 pm.
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6. The quasi-crystal organic light-emitting display panel as
claimed in claim 1, wherein a lattice constant of the 10-fold
quasi-crystal layer is 500 nm.
7. A method for simulating optical efficiency of quasi-
crystal organic light-emitting display panel, comprising:
providing a quasi-crystal organic light-emitting display
panel, wherein the quasi-crystal organic light-emitting
display panel comprises a first electrode layer, an
organic light-emitting layer, a second electrode layer, a
buffer layer, a 10-fold quasi-crystal layer and a package
cover, the organic light-emitting layer is located on the
first electrode layer, the second electrode layer is located
on the organic light-emitting layer, the buffer layer is
located on the second electrode layer, the 10-fold quasi-
crystal layer s located on the buffer layer, and the pack-
age cover is located on the 10-fold quasi-crystal layer:

using a finite-difference time-domain (FDTD) method to
simulate a radiation pattern formed by a radiation emit-
ted by the organic light-emitting layer that reaches an
interface between the package cover and the 10-fold
quasi-crystal layer;

transforming the radiation pattern of the radiation at the

interface between the package cover and the 10-fold
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quasi-crystal layer through a near-to-far-field (NTFF)
transformation to obtain a radiation pattern of the radia-
tion at a surface of the package cover away from the
10-fold quasi-crystal layer;

simulating a radiation pattern of the radiation leaving the
quasi-crystal organic light-emitting display panel
through geometric optics; and

summing energies of the radiation in the air medium on
different angle directions to obtain the optical efficiency.

8. The method for simulating optical efficiency of quasi-
crystal organic light-emitting display panel as claimed in
claim 7, wherein a thickness of each of the first electrode
layer, the organic light-emitting layer, the second electrode
layer, the buffer layer and the 10-fold quasi-crystal layer is
smaller than 1 pm, and a thickness of the package cover is
greater than 1 pm.

9. The method for simulating optical efficiency of quasi-
crystal organic light-emitting display panel as claimed in
claim 7, wherein a lattice constant of the 10-fold quasi-crystal
layer is 500 nm.
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