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(7) ABSTRACT

An organic light-emitting diode (OLED) display panel and a
display device are provided. A pixel unitof the OLED display
panel includes a first sub-pixel, a second sub-pixel and a third
sub-pixel and further includes an anode layer, a cathode layer
and an organic function layer. The organic function layer
includes: a first emission layer (EML1) configured to cover at
least two adjacent sub-pixels comprising the first sub-pixel; a
carrier blocking layer (CBL) configured to cover the second
sub-pixel and the third sub-pixel; a second emission layer
(EML2) arranged at an area provided with the first sub-pixel
and the second sub-pixel and configured to at least cover the

(51) Int.CL second sub-pixel; and a third emission layer (EML3) config-
HO1L 27/32 (2006.01) ured to cover at least two adjacent sub-pixels comprising the
HOIL 51/52 (2006.01) third sub-pixel. The OLED display panel can improve the
HOIL 51/50 (2006.01) pixel density.
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ORGANIC LIGHT-EMITTING DIODE (OLED)
DISPLAY PANEL AND DISPLAY DEVICE

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to an
organic light-emitting diode (OLED) display panel and a
display device.

BACKGROUND

[0002] An OLED display is a display device in which light
is emitted by means of the electroluminescence of fluorophor
or phosphor organic compounds. The OLED display drives a
plurality of OLED:s to display images. Each OLED includes
an anode, an organic function layer and a cathode. The
organic function layer generally includes an emission layer
(EML), an electron transport layer (ETL) and a hole transport
layer (HTL). Thus, the balance between injected electrons
and injected holes can be improved, and hence the luminous
efficiency can be improved.

[0003] In the OLED, in order to display the entire color
gamut, for instance, red (R), green (G) and blue (B) EMLs
may be respectively patterned. In order to pattern the EMLs,
a shadow mask can be used in the case of small molecular
OLED:s, and inkjet printing method or laser induced thermal
imaging (LITT) method may be used in the case of polymer
OLED:s. An organic layer may be finely patterned by the LITI
method. The LITT method may be used in the case of large
area. Moreover, the LITT method has the advantage of high
resolution.

[0004] High pixels per inch (PPI) display devices belong to
a main development trend of the current display device, and
high PPI OLED display panels are of a top-emission struc-
ture. An OLED production technology mainly adopts a fine
metal mask (FMM) and a side-by-side pixel arrangement to
achieve the full-color display of the OLED.

SUMMARY

[0005] At least one embodiment of the present invention
provides an OLED display panel and a display device, which
can improve the pixel density of the OLED display panel on
the premise that FMM accuracy is unchanged, has no loss of
luminous efficiency, and does not have the problem of color
shift due to view angle.

[0006] A pixel unit of the OLED display panel includes a
first sub-pixel for displaying the first color, a second sub-pixel
for displaying the second color and a third sub-pixel for
displaying the third color. Each pixel unit includes an anode
layer, a cathode layer and an organic function layer disposed
between the anode layer and the cathode layer. The organic
function layer includes: an EML1 configured to cover at least
two adjacent sub-pixels comprising the first sub-pixel; a CBL
configured to cover the second sub-pixel and the third sub-
pixel; an EML2 arranged at an area provided with the first
sub-pixel and the second sub-pixel and configured to at least
cover the second sub-pixel; and an EML3 configured to cover
at least two adjacent sub-pixels comprising the third sub-
pixel.

[0007] At least one embodiment of the present invention
further provides a display device, which comprises the fore-
going OLED display panel.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Simple description will be given below to the
accompanying drawings of the embodiments to provide a
more clear understanding of the technical proposals of the
embodiments of the present invention. Obviously, the draw-
ings described below only involve some embodiments of the
present invention but are not intended to limit the present
invention.

[0009] FIG. 1 is a schematic structural view of an OLED
display panel,
[0010] FIG. 2 is a schematic diagram in which EMLs are

prepared by means of FMM having a large opening;

[0011] FIG. 3 is a schematic diagram illustrating the
LUMO energy level of EMLs and a CBL in a first embodi-
ment of the present invention;

[0012] FIG. 4 is a schematic structural view of an OLED
display panel provided by the first embodiment of the present
invention;

[0013] FIG. 5 is a schematic diagram illustrating the
HOMO energy level of EMLs and a CBL in a second embodi-
ment of the present invention; and

[0014] FIG. 6 is a schematic structural view of an OLED
display panel provided by the second embodiment of the
present invention.

DETAILED DESCRIPTION

[0015] For more clear understanding of the objectives,
technical proposals and advantages of the embodiments of the
present invention, clear and complete description will be
given below to the technical proposals of the embodiments of
the present invention with reference to the accompanying
drawings of the embodiments of the present invention. Obvi-
ously, the preferred embodiments are only partial embodi-
ments of the present invention but not all the embodiments.
All the other embodiments obtained by those skilled in the art
without creative efforts on the basis ofthe embodiments of the
present invention illustrated shall fall within the scope of
protection of the present invention.

[0016] The FMM technology has many technical difficul-
ties such as the problems of mask manufacturing and cleaning
and the problems of alignment and expansion of FMM in the
manufacturing process. These problems result in serious
color-mix phenomenon of displays, low production yield and
high manufacturing cost. As the FMM accuracy is difficult to
control, it is difficult to realize high PPI OLEDs. In addition,
due to complex optical effect by a top-emission structure,
more difficulties are produced in a structural design.

[0017] In order to improve the pixel density, the following
two proposals are mainly adopted at present.

[0018] 1. As illustrated in FIG. 1, each pixel unit includes
three sub-pixels for emitting light of different colors, namely
a first sub-pixel, a second sub-pixel and a third sub-pixel.
Firstly, two EMLs of two colors (e.g., R and G) are prepared
on the first sub-pixel and the second sub-pixel at the same
time. Secondly, one color is extracted by microcavity effect
(e.g., Ris extracted from the first sub-pixel and G is extracted
from the second sub-pixel) according to the different thick-
nesses of the two sub-pixels (e.g., as illustrated in FIG. 1, the
thickness of an indium tin oxide (ITO) anode of the first
sub-pixel is greater than the thickness of an ITO anode of the
second sub-pixel). Thirdly, an EML ofthe third color (e.g., B)
is formed in the entire pixel region. But the OLED display
device manufactured by the method has serious color shift
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problem along with the view angle transformation. Moreover,
aportion of luminous efficiency of the EMLs of the two colors
prepared at the same time will be sacrificed.

[0019] 2. As illustrated in FIG. 2, EMLs of sub-pixels of a
same color in different pixels are evaporated by means of
FMM having a large opening at the same time (as illustrated
in FIG. 2, blue EMLs are evaporated in different pixels at the
same time by a blue pixel mask with a large opening). How-
ever, the method will result in inconsistent sequence of sub-
pixels in different pixels (as illustrated in F1G. 2, the sequence
of sub-pixels of different colors in a first pixel 10 and a second
pixel 20 is different), and hence zigzag images with discon-
tinuous lines will be produced in image display.

[0020] At least one embodiment of the present invention
provides an OLED display panel and a display device, which
can improve the pixel density of the OLED display panel on
the premise that FMM accuracy is unchanged.

[0021] A pixel unit of the OLED display panel includes a
first sub-pixel for displaying the first color, a second sub-pixel
for displaying the second color and a third sub-pixel for
displaying the third color. Each pixel unit includes an anode
layer, a cathode layer and an organic function layer disposed
between the anode layer and the cathode layer. The organic
function layer includes: an EML1 configured to cover at least
two adjacent sub-pixels comprising the first sub-pixel; a CBL
configured to cover the second sub-pixel and the third sub-
pixel and prevent charges on adjacent two sides of the CBL
from passing through the CBL; an EML2 only disposed in an
area provided with the first sub-pixel and the second sub-pixel
and configured to at least cover the second sub-pixel; and an
EML3 configured to cover at least two adjacent sub-pixels
comprising the third sub-pixel.

[0022] The LUMO energy level of a matrix substance of the
CBL, a matrix substance of the EML3, a matrix substance of
the EML2 and amatrix substance of the EML1 is sequentially
reduced.

[0023] Moreover, the optical thickness T, of the first sub-
pixel, the optical thickness T, of the second sub-pixel and the
optical thickness T, of the third sub-pixel satisfy the follow-
ing relationship:

T Ty Ta=(h/n):(ha/ng): (/)

[0024] where the optical thickness of the sub-pixel refers to
the sum of the thickness of function layers in each sub-pixel;
Ay, A, and A, respectively represent the wavelengths of the
light of the first color, the light of the second color and the
light of the third light; and n,, n, and n, respectively represent
the reflective index of the materials of function layers of
sub-pixels under the condition of the light of the first color,
the light of the second color and the light of the third color.
[0025] Orthe HOMO energy level of a matrix substance of
the EML1, a matrix substance of the EML2, a matrix sub-
stance of the EML3 and a matrix substance of the CBL is
sequentially reduced.
[0026] Moreover, the optical thickness T, of the first sub-
pixel, the optical thickness T, of the second sub-pixel and the
optical thickness T, of the third sub-pixel satisfy the follow-
ing relationship:

T T Ta=(hy/m)): (M) (/)
[0027] where the optical thickness of the sub-pixel refers to
the sum of the thickness of function layers in each sub-pixel;
Ay, A, and A, respectively represent the wavelength of the

light of the first color, the light of the second color and the
light of the third light; and n,, n, and n, respectively represent
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the reflective index of materials of function layers of sub-
pixels under the condition of the light of the first color, the
light of the second color and the light of the third color.
[0028] Inatleast one embodiment of the present invention,
it should be noted that: if the OLED display panel does not
comprise a TCL, the optical thickness of the sub-pixel is the
thickness of the organic function layer of the sub-pixel. For
instance, the optical thickness T, of the first sub-pixel is the
thickness of the organic function layer of the first sub-pixel.
Other sub-pixels are also similar. No further description will
be given here.

[0029] Orifthe OLED display panel comprises a TCL, the
optical thickness of the sub-pixel is the sum of the thickness
of the organic function layer of the sub-pixel and the thick-
ness of the TCL (the situation for a semi-transparent layer
may refer to this). For instance, the optical thickness T, of the
first sub-pixel is the sum of the thickness of the organic
function layer of the first sub-pixel and the thickness of the
TCL. Other sub-pixels are also in a similar situation. No
further description will be given here. The TCL. may be a
transparent conducting oxide (TCO) layer, e.g., indium tin
oxide (ITO), indium zinc oxide (IZ0), aluminum-doped zinc
oxide (AZO) or fluorine-doped tin oxide (FTO). The TCL
may be taken as a cathode layer or an anode layer or a part of
an electrode layer and may also be taken as a thickness adjust-
ment layer.

[0030] Inthe OLED display panel provided by at least one
embodiment of the present invention, the EML1, the CBL, the
EML2 and the EML3 may cover at least two sub-pixels. In
this way, when the EMLs are prepared by utilization of FMM,
the minimum opening of the FMM may be as large as two
sub-pixel regions. Thus, the pixel density of the OLED dis-
play panel can be improved on the premise that FMM accu-
racy is unchanged. That is to say, in the OLED display panel
provided by at least one embodiment of the present invention,
the EMLs, the area of which is twice as large as the normal
EMLs, can be evaporated in one manufacturing process.
Moreover, each sub-pixel emits light of a specific color. Thus,
the OLED display panel can be manufactured by utilization of
FMM with a large opening and low accuracy. If FMM with
same accuracy is used, the PPI of the panel can be improved
two times in this way.

[0031] Inthe OLED display panel provided by at least one
embodiment of the present invention, the energy level of the
matrix substances of the EMLs and the thickness of the sub-
pixels are optimized so that each sub-pixel emits light of a
specific color. Moreover, the problem of color shift can be
avoided. Furthermore, the luminous efficiency will not suffer
loss, and hence the image quality can be improved.

[0032] Inaddition, in the OLED display panel provided by
at least one embodiment of the present invention, the
sequence of the sub-pixels is also not changed, and hence the
image display will not be affected. It should be noted that the
LUMO value and the HOMO value are generally negative
values. In the embodiment of the present invention, as illus-
trated in FIGS. 3 and 5, the energy level is defined to be higher
when closer to the vacuum level and defined to be lower when
farther from the vacuum level. The expression “sequentially
reduced” of the HOMO energy level refers to the sequential
increase of an absolute value of the value of the HOMO
energy level. Similarly, the expression “sequentially
reduced” of the LUMO energy level refers to the sequential
increase of an absolute value of the value of the LUMO
energy level.
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[0033] In addition, it should be noted that: in at least one
embodiment of the present invention, only the relationship of
the LUMO energy level of the matrix substances of the EMLs
is simply limited or the relationship of the HOMO energy
level of the matrix substances of the EMLs is simply limited,
so that the inside of a specific sub-pixel only emits light of'a
specific color.

[0034] It should be understood that: in an actual applica-
tion, the relationship of the LUMO energy level and the
HOMO energy level of the matrix substances of the EMLs
may also be comprehensively considered, so that holes and
electrons are combined within corresponding EMLs of spe-
cific colors to form excitons inside of a specific sub-pixel, and
hence the inside of the specific sub-pixel emits light of a
specific color.

[0035] For instance, in at least one embodiment of the
present invention, when the matrix substances of the EMLs
are prepared, in the first sub-pixel, the HOMO energy level of
the matrix substance ofthe EML 1, the matrix substance of the
EML2, the matrix substance of the EML3 and the matrix
substance of the CBL is sequentially reduced; and in the
second sub-pixel, the LUMO energy level of the matrix sub-
stance of the CBL, the matrix substance of the EML3, the
matrix substance of the EML2 and the matrix substance of the
EML1 is sequentially reduced.

[0036] For instance, in at least one embodiment of the
present invention, the OLED display panel may sequentially
comprise: the EML1 configured to cover the entire pixel unit;
the CBL configured to cover the second sub-pixel and the
third sub-pixel; the EML2 configured to cover the first sub-
pixel and the second sub-pixel; and the EML3 configured to
cover the entire pixel unit.

[0037] For instance, in at least one embodiment of the
present invention, the OLED display panel may sequentially
comprise: the EML1 configured to cover the entire pixel unit;
the CBL configured to cover the second sub-pixel and the
third sub-pixel; the EML2 configured to cover the first sub-
pixel and the second sub-pixel; and the EML3 configured to
cover the second sub-pixel and the third sub-pixel. For
instance, in at least one embodiment of the present invention,
the OLED display panel may sequentially comprise: the
EML1 configured to cover the first sub-pixel and the second
sub-pixel; the CBL configured to cover the second sub-pixel
and the third sub-pixel; the EML2 configured to cover the first
sub-pixel and the second sub-pixel; and the EML3 configured
to cover the entire pixel unit.

[0038] For instance, in at least one embodiment of the
present invention, the OLED display panel may sequentially
comprise: the EML1 configured to cover the first sub-pixel
and the second sub-pixel; the CBL configured to cover the
second sub-pixel and the third sub-pixel; the EML2 config-
ured to cover the first sub-pixel and the second sub-pixel; and
the EML3 configured to cover the second sub-pixel and the
third sub-pixel.

[0039] For instance, in at least one embodiment of the
present invention, the optical thickness T, of the first sub-
pixel, the optical thickness T, of the second sub-pixel and the
optical thickness T, of the third sub-pixel satisfy the follow-
ing relationship:

1.3<Ty/T=2.0;

11Ty Tys1.5.

[0040] For instance, in at least one embodiment of the
present invention, the OLED display panel may comprise: a
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transparent or semi-transparent anode layer; an HTL on the
semi-transparent anode layer; the EML1 on the HTL; the
CBL on the EML1; the EML2 on the CBL; the EML3 on the
EML2; an ETL on the EML3; and a metal cathode layer on
the ETL.

[0041] For instance, in at least one embodiment of the
present invention, the OLED display panel may comprise: a
transparent or semi-transparent anode layer; an HTL on the
semi-transparent anode layer; the EML3 on the HTL; the
EML2 on the EML3; the CBL onthe EML2; the EML1 onthe
CBL; an ETL on the EML1; and a metal cathode layer on the
ETL.

[0042] At least one embodiment of the present invention
further provides a display device, which comprises the fore-
going OLED display panel. The structure and the working
principle of the OLED display panel are the same as those of
the above embodiments. No further description will be given
here. In addition, the structure of other parts of the display
device may refer to the current technology. No detailed
description will be given here. The display device may be: any
product or component with display function such as e-paper,
a'TV, a display, a digital picture frame, a mobile phone and a
tablet PC.

[0043] Detailed description will be given below to the
OLED display panel provided by the present invention with
reference to the following preferred embodiments.

First Embodiment

[0044] Inthe OLED display panel provided by the embodi-
ment, the OLED display panel comprises first sub-pixels for
displaying blue, second sub-pixels for displaying red and
third sub-pixels for displaying green. The OLED display
panel comprises anode layers, cathode layers and organic
function layers. The organic function layer includes the fol-
lowing layer structures: an EML1 configured to cover at least
two adjacent sub-pixels comprising the first sub-pixel and
emit blue light; a CBL configured to cover the second sub-
pixel and the third sub-pixel; an EML2 configured to cover
the first sub-pixel and the second sub-pixel and emit red light;
and an EML3 configured to cover at least two adjacent sub-
pixels comprising the third sub-pixel and emit green light.
[0045] As illustrated in FIG. 3, the LUMO energy level of
the EML1, the EML2, the EML3 and the CBL is all negative.
The LUMO energy level of the EML1 is lower than the
LUMO energy level of the EML2; the LUMO energy level of
the EML2 is lower than the LUMO energy level of the EML3;
and the LUMO energy level of the EML3 is lower than the
LUMO energy level of the CBL. Moreover, the optical thick-
ness T, of the first sub-pixel, the optical thickness T, of the
second sub-pixel and the optical thickness T; of the third
sub-pixel satisfy the following relationship:

T2 Ty=(h/my) :((ho/ms): (M),

[0046] whereh,, A, and A, respectively represent the wave-
length of light of the first color, light of the second color and
light of the third light; and n,, n, and n, respectively represent
the reflective index of materials of function layers of sub-
pixels under the condition of the light of the first color, the
light of the second color and the light of the third color.

[0047] In the embodiment, as illustrated in FIG. 4, the
OLED display panel may comprise: an anode layer; an HTL
on the anode layer; an EML1 configured to cover the first
sub-pixel and the second sub-pixel; a CBL configured to
cover the second sub-pixel and the third sub-pixel; an EML2
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configured to cover the first sub-pixel and the second sub-
pixel; an EML3 configured to cover the second sub-pixel and
the third sub-pixel; an ETL on the EMI3; and a transparent or
semi-transparent cathode layer on the ETL.

[0048] The transparent cathode layer may be made from
transparent conducting oxide (TCO). The semi-transparent
cathode layer may be made, from a metal material, to be thin
and semi-transparent.

[0049] Inthe OLED display panel provided by the embodi-
ment, electrons move from the cathode layer to the anode
layer, can easily jump from an EML with higher LUMO
energy level to an EML with alower LUMO energy level, but
cannot easily jump from an EML with a lower LUMO energy
level to an EML with a higher LUMO energy level. When the
electrons are retained within a specific EML, the electrons are
combined with holes again to form excitons to emit light.
[0050] Inthe OLED display panel as shown in FIG. 4, as for
the first sub-pixel region, electrons are injected from the
cathode layer. As the LUMO energy level of the EML2 is
higher than the LUMO energy level of the EML1, the elec-
trons can easily jump from the EML2 to the EML 1 and are
retained within the EML 1 to excite the EML 1 to emit blue
light, and hence the first sub-pixel displays blue light. As for
the second sub-pixel region, as the LUMO energy level of the
EML3 is higher than the LUMO energy level of the EML2
and the LUMO energy level of the CBL is higher than the
LUMO energy level of the EML2, electrons can easily jump
from the EML3 to the EML2 and are retained within the
EML2 to excite the EML2 to emit red light due to the limi-
tation of the CBL energy level, and hence the second sub-
pixel displays red light. As for the third sub-pixel region, as
the LUMO energy level of the EML3 is lower than the LUMO
energy level of the CBL, electrons will not easily run through
the CBL and are retained within the EML3 to excite the
EML3 to emit green light, and hence the third sub-pixel
displays green light.

[0051] In addition, in the embodiment, the OLED display
panel may adopt a top-emission structure. That is to say, the
top layer adopts a semi-transparent electrode to ensure that
light can be emitted, and that the light color and the efficiency
are those desired. The optical behavior of the OLED adopting
the top-emission structure can be calculated on the basis of
the wave-optical standing-wave condition:

n D
Q1+ + ZTnbcosé) =2mm;

[0052] where ¢ refers to the phase difference caused by a
reflector; n refers to the ambient refractive index, which indi-
cates a same material will have different refractive indexes
under the condition of light with different wavelengths; L
refers to the cavity length (the optical thickness of the sub-
pixel); 0 refers to an angle; % refers to a wavelength; and m is
an integer.

[0053] Based on the formula (I), in the embodiment, the
optical thickness of the first sub-pixel, the second sub-pixel
and the third sub-pixel for displaying different colors is opti-
mized, and the ratio of the resonant cavity length optimized
by different light colors is the ratio of A/n, namely:

Ty Ty Ty=(h/my):(Mfing): (hoy/ns) (D).

[0054] In the embodiment, the first sub-pixel displays B;
the second sub-pixel displays R; and the third sub-pixel dis-
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plays G. In general, the wave crest of the red light R is 600nm
to 620nm; the wave crest of the green light G is 520 nm to 530
nm; and the wave crest of the blue light B is 450 nm to 465 nm.
As for one material, the refractive index of light is different
when light with a different wavelength is irradiated thereon.
In the case of a same material, the refractive index for the blue
light and the refractive index for the green light are greater
than the refractive index for the red light.

[0055] Thus, after the combination of the above formulas
(D) and (II), the optimized thickness design of the OLED
display panel provided by the embodiment is as follows:

1 .3=Ty/ T1=2.0 (I1D);
1.1s7y/ 7,515 Iv).
[0056] In addition, as illustrated in FIG. 4, in the OLED

display panel provided by the embodiment, the relationships
among the optical thickness T, of the first sub-pixel, the
optical thickness T, of the second sub-pixel, the optical thick-
ness T of the third sub-pixel, the film thickness T, of the
EML1, the film thickness T 5, of the EML2, the film thickness
Ty ofthe EML3 and the film thickness T, of the CBL are also
as follows:

To-T\=Tg3+Tc V)
To-T5=Tg 4T, (VD).
[0057] In the OLED device adopting the top-emission

structure, as the top layer adopts the semi-transparent elec-
trode, the optical effect will be strong, which is referred to as
microcavity effect. The influence of the film thickness on the
light color is very strong. Moreover, the above optimized
thickness design is adopted to ensure that the problems of
color mixing and color shift can be avoided at a large visual
angle.

[0058] Inaddition, as the thicknesses of the function layers
of the conventional OLED device (particularly obvious for
devices with microcavity effect) are independently adjusted
according to the color requirement of each sub-pixel, in the
OLED display panel adopting the top-emission structure pro-
vided by the embodiment, the thickness of each function layer
is related to other function layers and other sub-pixels and
influenced by each other, and hence it is complicated to adjust
the thickness of the function layers. In view of this, the thick-
nesses ranges of the function layers are also given below in
the embodiment.

[0059] By the combination of the above formulas (IIT),
(IV), (V) and (VI), the thickness of the function layers is, for
instance, as follows:

[0060] the range of the thickness T, of the EML3 is:
(03T,-T)<T z3=(T,-T,);

[0061] the range of the thickness T, of the CBL is:
(3/13T,-T3)=T =(0.5T,~Txy);

[0062] the range of the thickness Tp, of the EML2 is:
(2/13T ;=T )T £,=(1/4 T,-Tg5); and

[0063] the range of the thickness T, of the EML1 is: (2/1
1T3-Tgy)<T e =(1/3 T5-Tx,).

[0064] When the OLED display panel is manufactured by
utilization of a present FMM, in general, one FMMM open-
ing corresponds to one sub-pixel region. Due to the limited
FMM accuracy, the pixel density of the OLED display panel
is limited.

[0065] However, in the OLED display panel provided by at
least one embodiment of the present invention, the EML1, the
CBL, the EML2 and the EML3 cover at least two sub-pixels.
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Thus, when the EMLs are prepared as above by utilization of
the FMM, the minimum opening of the FMM may be as large
as two sub-pixel regions, and hence the pixel density of the
OLED display panel can be improved two times on the
premise that the FMM accuracy is unchanged.

[0066] Inaddition, in the OLED display panel provided by
at least one embodiment, a specific light color can be
extracted independent of the optical effect, and hence the
luminous efficiency of the EMLs will not suffer loss and the
problem of color shift will not be caused.

[0067] Inthe OLED display panel provided by at least one
embodiment of the present invention, the sequence of the
sub-pixels is not required to be changed, and hence the image
display will not be affected. Moreover, in at least one embodi-
ment of the present invention, the thickness of the sub-pixels
for displaying different colors is optimized to further ensure
that the problem of color shift can be avoided at a great visual
angle.

[0068] Itshould benoted that: in at least one embodiment of
the present invention, the OLED display panel is not limited
to the structure as shown in FIG. 4. For instance, the EML1
may cover the entire pixel unit, but also may cover the first
sub-pixel and the second sub-pixel only; the EML3 may
cover the second sub-pixel and the third sub-pixel, or may
cover the entire pixel unit; the EMIL.2 may only cover the first
sub-pixel and the second sub-pixel; and the CBL may only
cover the second sub-pixel and the third sub-pixel. The first
sub-pixel is not limited to display blue; the second sub-pixel
is not limited to display red; and the third sub-pixel is not
limited to display green as long as the first sub-pixel, the
second sub-pixel and the third sub-pixel display different
colorsand display one color among R, Gand B. Of course, the
color displayed by the three sub-pixels is not limited to R, G
and B and, for instance, may also be white (W), yellow (Y)
and the like.

[0069] Correspondingly, in the OLED display panel pro-
vided by atleast one embodiment of the present invention, the
optimized thickness of the sub-pixels may be correspond-
ingly calculated by the combination of the above formulas (1)
and (1T) according to the specific structures of the EML1 the
EML2, the EML3 and the CBL.

[0070] Second Embodiment

[0071] The pixel unit of the OLED display panel provided
by the embodiment includes a first sub-pixel for displaying
the first color, a second sub-pixel for displaying the second
color and a third sub-pixel for displaying the third color; the
pixel unit of the OLED display panel includes an anode layer,
a cathode layer and an organic function layer disposed
between the anode layer and the cathode layer. The organic
function layer includes the following layer structures: an
EML1 configured to cover at least two adjacent sub-pixels
comprising the first sub-pixel and emit blue light; a CBL
configured to cover the second sub-pixel and the third sub-
pixel; an EML2 configured to cover the first sub-pixel and the
second sub-pixel and emit red light; and an EML3 configured
to cover at least two adjacent sub-pixels comprising the third
sub-pixel and emit green light.

[0072] As illustrated in FIG. 5, the HOMO energy level of
the EML1, the EML2, the EML3 and the CBL is all negative.
The HOMO energy level of the EMLI1 is higher than the
HOMO energy level of the EMI2; the HOMO energy level of
the EML2 is higher than the HOMO energy level of the
EML3; and the HOMO energy level of the EML3 is higher
than the HOMO energy level of the CBL. Moreover, the

Jun. 9, 2016

optical thickness T, of the first sub-pixel, the optical thickness
T, of the second sub-pixel and the optical thickness T, of the
third sub-pixel satisfy the following relationship:

T2 Ty=(W/my) (o) (M),

where A, ., and A, respectively represent the wavelengths of
light of the first color, light of the second color and light of the
third light; and n,, n, and n, refer to the ambient refractive
index and respectively represent the reflective index of mate-
rials of function layers of sub-pixel regions under the condi-
tion of the light of the first color, the light of the second color
and the light of the third color.

[0073] For instance, in the embodiment, as illustrated in
FIG. 6, the OLED display panel may comprise: an anode
layer; an HTL on the anode layer; the EML3 disposed on the
HTL and configured to cover the second sub-pixel and the
third sub-pixel; the EML2 disposed on the EML3 and con-
figured to cover the first sub-pixel and the second sub-pixel;
the CBL disposed on the EML2 and configured to cover the
second sub-pixel and the third sub-pixel; the EML1 disposed
on the CBL and configured to cover the first sub-pixel and the
second sub-pixel; an ETL on the EML1: and a transparent or
semi-transparent cathode layer on the ETL.

[0074] The transparent cathode layer may be made from a
TCO. The semi-transparent cathode layer may be made from
a metal to be thin and semi-transparent.

[0075] In the OLED display panel, holes move from the
anode layer to the cathode layer, can easily jump from an
EML with a low HOMO energy level to an EML with a high
HOMO energy level, but can be difficultly subjected to tran-
sition from an EML with a high HOMO energy level to an
EML with a low HOMO energy level. When the holes are
retained within a specific EML and meet with electrons, the
EML will be excited to emit light.

[0076] Inthe OLED display panel as shown in F1G. 6, as for
the first sub-pixel region, holes start from the anode layer. As
the HOMO energy level of the EML2 is lower than the
HOMO energy level of the EML 1, the holes can easily run
through the EML.2 and reach the EML 1 but cannot easily run
through the ETL and will be retained within the EML1 to
excite the EML1 to emit blue light, and hence the first sub-
pixel displays blue light. As for the second sub-pixel region,
as the HOMO energy level of the EML3 is lower than the
HOMO energy level of the EML2 and the HOMO energy
level of the CBL is lower than the HOMO energy level of the
EML 2, holes can easily run through the EML3 and reach the
EML2 but cannot run through the CBL and will be retained
within the EML2 to excite the EML2 to emit red light, and
hence the second sub-pixel displays red light. As for the third
sub-pixel region, as the HOMO energy level of the EML3 is
higher than the HOMO energy level of the CBL, holes cannot
run through the CBL and will be retained within the EML3 to
excite the EML3 to emit green light, and hence the third
sub-pixel displays green light.

[0077] In addition, in the embodiment, the OLED display
panel may adopt a top-emission structure. That is to say, the
top layer adopts a semi-transparent electrode to ensure that
light can be emitted, and that the light color and the efficiency
are as required. The optical behavior of the OLED adopting
the top-emission structure can be calculated on the basis of
the wave-optical standing-wave condition:
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)

2
Q1 +@ + ZTnbcosé) =2mm;

where ¢ refers to the phase difference caused by a reflector; n
refers to the ambient refractive index, which indicates a same
material will have different refractive indexes under the con-
dition of light with different wavelengths; L refers to the
cavity length (the optical thickness of the sub-pixel); 0 refers
to an angle; A refers to a wavelength; and m is an integer.
[0078] Based on the formula (), in the embodiment, the
optical thicknesses of the first sub-pixel, the second sub-pixel
and the third sub-pixel for displaying different colors are
optimized, and the ratio of the resonant cavity length opti-
mized for a different light color is the ratio of XJn, namely:

Ty Ty Ty=(h/ it (i) (1.

[0079] Inthe embodiment, the first sub-pixel displays blue;
the second sub-pixel displays red; and the third sub-pixel
displays green. In general, the wave crest of the red light R is
600 nm to 620 nm; the wave crest of the green light G is 520
nm to 530 nm; and the wave crest of the blue light B is 450 nm
to 465 nm. Generally, the refractive index of materials will
have different responses to different wavelengths: the blue
light is about 1 to 1.5 times of the red light, and the green light
is about 1 to 1.3 times of the red light.

[0080] Thus, after the combination of the above formulas I
and 11, the optimized thickness design of the OLED display
panel provided by the embodiment is as follows:

1.3<Ty/ T,<2.0 {1
1.1TyT <15 av).
[0081] In addition, as illustrated in FIG. 6, in the OLED

display panel provided by the embodiment, the relationship
among the optical thickness T, of the first sub-pixel, the
optical thickness T, of the second sub-pixel, the optical thick-
ness T, of the third sub-pixel, the film thickness T, of the
EML1, the film thickness T, of the EML2, the film thickness
Tg; of the EML3 and the film thickness T of the CBL is also
as follows:

=T\ =Tg3tlc V)
Ty-T5=Tg +Tx, (V).
[0082] In the OLED device adopting the top-emission

structure, as the top layer adopts the semi-transparent elec-
trode, the optical effect will be strong which is referred to as
microcavity effect. The influence of the film thickness on the
light color is very strong. Moreover, the above optimized
thickness design is adopted to ensure that the problems of
color mixing and color shift can be avoided at a great visual
angle.

[0083] Inaddition, as the thicknesses of the function layers
of the conventional OLED device (particularly obvious for
devices with microcavity effect) are independently adjusted
according to the color requirement of each sub-pixel, in the
OLED display panel adopting the top-emission structure pro-
vided by the embodiment, the thickness of each function layer
is related to other function layers and other sub-pixels and
influence each other, and hence it is complicated to adjust the
thickness of the function layers. In view of this, the thickness
range of the function layers is also given below in the embodi-
ment.
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[0084] By the combination of the above formulas (IIT),
(IV), (V) and (VI), the thickness of the function layers is, for
instance, as follows:

[0085] the range of the thickness T, of the EML3 is:
(03T ,-To)=<T 5<(T,-T,);

[0086] the range of the thickness T, of the CBL is:
(3/13T,-T3)<T =(0.5T,-T,);

[0087] the range of the thickness Ty, of the EML2 is:
(2N3T,-Try)=T=(1/4 T,-Ty,); and

[0088] the range of the thickness Ty, of the EML1 is: (2/1
1T3-Tgy)<Tg =(173 T5-Tx,).

[0089] In atleast one embodiment of the present invention
(for instance, as illustrated in FIG. 4 or 6), the cathode is
transparent or semi-transparent. As described above, when
the OLED display panel comprises a TCL, the optical thick-
ness of the sub-pixel is the sum of the thickness of the organic
function layer of the sub-pixel region and the thickness of the
TCL (a semi-transparent layer may refer to this). In this case,
the optical thickness T, of the first sub-pixel is the sum of the
thickness of the organic function layer of the first sub-pixel
region and the thickness of the cathode layer, namely the
optical thickness T, of the first sub-pixel is the sum of the
thickness of the HTL, the thickness of the EMLI1, the thick-
ness of the EML2, the thickness of the ETL and the thickness
of the cathode layer. The optical thickness T, of the second
sub-pixel is the sum of the thickness ofthe HTL, the thickness
of the EML1, the thickness of the CBL, the thickness of the
EML2, the thickness of the EML3, the thickness of the ETL
and the thickness of the cathode layer. The optical thickness
T, of the third sub-pixel is the sum of the thickness of the
HTL, the thickness of the CBL, the thickness of the EML3,
the thickness of the ETL and the thickness of the cathode
layer.

[0090] In the current technology, when the OLED display
panel is manufactured by utilization of FMM, in general one
FMM opening corresponds to one sub-pixel region. Due to
the limited FMM accuracy, the pixel density of the OLED
display panel is limited.

[0091] However, in the OLED display panel provided by at
least one embodiment of the present invention, the EML1, the
CBL, the EML2 and the EML3 cover at least two sub-pixels.
Thus, when the EMLs are prepared by utilization of FMM,
the minimum opening of the FMM may be as large as two
sub-pixel regions, and hence the pixel density of the OLED
display panel can be improved two times on the premise that
FMM accuracy is unchanged.

[0092] Inaddition, in the OLED display panel provided by
at least one embodiment, a specific light color is extracted not
by means of the optical effect, and hence the luminous effi-
ciency of the EMLs will not suffer loss and the problem of
color shift will not be caused.

[0093] Inthe OLED display panel provided by at least one
embodiment of the present invention, the sequence of the
sub-pixels is not required to be changed, and hence the image
display will not be affected. Moreover, in at least one embodi-
ment of the present invention, the thickness of the sub-pixels
for displaying different colors is optimized to further ensure
that the problems of color mixing and color shift can be
avoided at a great visual angle.

[0094] Itshould benoted that: in at least one embodiment of
the present invention, the OLED display panel is not limited
to the structure as shown in FIG. 6. For instance, the EML1
covers the entire pixel unit or may also cover the first sub-
pixel and the second sub-pixel only; the EML3 covers the
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second sub-pixel and the third sub-pixel or may also cover the
entire pixel unit; the EML2 only covers the first sub-pixel and
the second sub-pixel; and the CBL only covers the second
sub-pixel and the third sub-pixel. The first sub-pixel is not
limited to display blue; the second sub-pixel is not limited to
display red; and the third sub-pixel is not limited to display
green as long as the first sub-pixel, the second sub-pixel and
the third sub-pixel display different colors and display one
color among R, G and B.

[0095] Inthe OLED display panel provided by at least one
embodiment of the present invention, the optimized thickness
of the sub-pixels may be calculated by the combination of the
above formulas (T) and (IT) according to the specific structures
of the EML1 the EML2, the EML3 and the CBL.

[0096] The foregoing is only the preferred embodiments of
the present invention and not intended to limit the scope of
protection of the present invention. The scope of protection of
the present invention should be defined by the appended
claims.

[0097] Theapplication claims priority to the Chinese patent
application No. 201410005179.X submitted on Jan. 6, 2014.
The disclosure content of the Chinese patent application is
incorporated by reference herein as part of the application.

1. An organic light-emitting diode (OLED) display panel, a
pixel unit of the OLED display panel comprising a first sub-
pixel for displaying a first color, a second sub-pixel for dis-
playing a second color and a third sub-pixel for displaying a
third color and further comprising an anode layer, a cathode
layer and an organic function layer disposed between the
anode layer and the cathode layer, wherein

the organic function layer includes:

afirstemission layer (EML1) configured to cover at least
two adjacent sub-pixels comprising the first sub-
pixel;

a carrier blocking layer (CBL) configured to cover the
second sub-pixel and the third sub-pixel;

a second emission layer (EML2) arranged at an area
provided with the first sub-pixel and the second sub-
pixel and configured to at least cover the second sub-
pixel; and

a third emission layer (EML3) configured to cover at
least two adjacent sub-pixels comprising the third
sub-pixel.

2. The OLED display panel according to claim 1, wherein
the EML1, the CBL, the EML 2 and the EML3 are arranged in
sequence from one side close to the anode layer to the other
side close to the cathode layer; and energy levels of lowest
unoccupied molecular orbital (LUMO) of a matrix substance
of the CBL, a matrix substance of the EML3, a matrix sub-
stance of the EML.2 and a matrix substance of the EML1 are
sequentially reduced.

3. The OLED display panel according to claim 2, wherein
the organic function layer further includes:

a hole transport layer (HTL) disposed between the anode

layer and the EML1; and

an electron transport layer (ETL) disposed between the

EML3 and the cathode layer; and

the cathode layer is transparent or semi-transparent.

4. The OLED display panel according to claim 1, wherein

the EML1, the CBL, the EML2 and the EML.3 are arranged

in sequence from one side close to the cathode layer to
the other side close to the anode layer; and energy levels

of highest occupied molecular orbital (HOMO) of a

matrix substance of the EML1, a matrix substance of the

Jun. 9, 2016

EML?2, a matrix substance of the EML3 and a matrix
substance of the CBL are sequentially reduced.
5. The OLED display panel according to claim 4, wherein
the organic function layer further includes:
an HTL disposed between the anode layer and the EML3;
and
an ETL disposed between the EML1 and the cathode layer;
and
the cathode layer is transparent or semi-transparent.
6. The OLED display panel according to claim 1, compris-
ing:
the EML1 configured to cover the entire pixel unit;
the CBL configured to cover the second sub-pixel and the
third sub-pixel;
the EML2 configured to cover the first sub-pixel and the
second sub-pixel; and
the EML3 configured to cover the entire pixel unit.
7. The OLED display panel according to claim 1. compris-
ing:
the EML1 configured to cover the entire pixel unit;
the CBL configured to cover the second sub-pixel and the
third sub-pixel;
the EML2 configured to cover the first sub-pixel and the
second sub-pixel; and
the EML3 configured to cover the second sub-pixel and the
third sub-pixel.
8. The OLED display panel according to claim 1, ompris-
ing:
the EML1 configured to cover the first sub-pixel and the
second sub-pixel;
the CBL configured to cover the second sub-pixel and the
third sub-pixel;
the EML2 configured to cover the first sub-pixel and the
second sub-pixel; and
the EML3 configured to cover the entire pixel unit.
9. The OLED display panel according to claim 1, compris-
ing:
the EML1 configured to cover the first sub-pixel and the
second sub-pixel;
the CBL configured to cover the second sub-pixel and the
third sub-pixel;
the EML2 configured to cover the first sub-pixel and the
second sub-pixel; and
the EML3 configured to cover the second sub-pixel and the
third sub-pixel.
10. The OLED display panel according to claim 1, wherein
an optical thickness T, of the first sub-pixel, the optical
thickness T, of the second sub-pixel and the optical
thickness T; of the third sub-pixel satisfy following rela-
tionship:
Ty T T (/i )ity (ha/s),

where A, A, and A, respectively represent wavelengths of
light of the first color, light of the second color and light
of the third light; and n,, n, and n, respectively represent
reflective indexes of materials of function layers of sub-
pixel regions under the condition of the light of the first
color, the light of the second color and the light of the
third color;

wherein where the OLED display panel does not comprise
a transparent conductive layer (TCL), an optical thick-
ness of the sub-pixel is a thickness of the organic func-
tion layer of the sub-pixel region; or
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where the OLED display panel comprises a TCL, the opti-
cal thickness of the sub-pixel is a sum of the thickness of
the organic function layer of the sub-pixel region and a
thickness of the TCL.

11. The OLED display panel according to claim 1, wherein
an optical thickness T, of the first sub-pixel, an optical thick-
ness T, of the second sub-pixel and an optical thickness T, of
the third sub-pixel satisfy following relationship:

1.3sTy/T=2.0;

11Ty T;s1.5;

wherein where the OLED display panel does not comprise
aTCL, an optical thickness of the sub-pixel is an thick-
ness of the organic function layer of the sub-pixel
region; or
where the OLED display panel comprises a TCL, the opti-
cal thickness of the sub-pixel is a sum of the thickness of
the organic function layer of the sub-pixel region and a
thickness of the TCL.
12. The OLED display panel according to claim 1, wherein
the range of the thickness T, of the EML3 is: (0.3T,-T,)
<Tp=(T,-To):
the range of the thickness T of the CBL is: (3/13T,~Tg,)
<T =(0.5T,-Tg;);
the range of the thickness T, of the EML2 is: (2/13T,-
T)<Tp=(V/4 Tp=Ty);
the range of the thickness ,, of the EMLI is: (2/1 1T~
Te)=Tg =(13T5-Tgy);
where T, T, and T, respectively represent an optical thick-
ness of the first sub-pixel, an optical thickness of the
second sub-pixel and an optical thickness of the third
sub-pixel;
where the OLED display panel does not comprise a TCL,
an optical thickness of the sub-pixel is a thickness of the
organic function layer of the sub-pixel region; or
where the OLED display panel comprises a TCL, the opti-
cal thickness of the sub-pixel is a sum of the thickness of
the organic function layer of the sub-pixel region and a
thickness of the TCL.
13. A display device, comprising the OLED display panel
according to claim 1.
14. The OLED display panel according to claim 2, com-
prising:
the EML1 configured to cover the entire pixel unit;
the CBL configured to cover the second sub-pixel and the
third sub-pixel;
the EML2 configured to cover the first sub-pixel and the
second sub-pixel; and
the EML3 configured to cover the entire pixel unit.
15. The OLED display panel according to claim 2, com-
prising:
the EML1 configured to cover the entire pixel unit;
the CBL configured to cover the second sub-pixel and the
third sub-pixel;
the EML2 configured to cover the first sub-pixel and the
second sub-pixel; and
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the EML3 configured to cover the second sub-pixel and the
third sub-pixel.
16. The OLED display panel according to claim 2, com-
prising:
the EML1 configured to cover the first sub-pixel and the
second sub-pixel;
the CBL configured to cover the second sub-pixel and the
third sub-pixel;
the EML2 configured to cover the first sub-pixel and the
second sub-pixel; and
the EML3 configured to cover the entire pixel unit.
17. The OLED display panel according to claim 2, com-
prising:
the EML1 configured to cover the first sub-pixel and the
second sub-pixel,
the CBL configured to cover the second sub-pixel and the
third sub-pixel;
the EML2 configured to cover the first sub-pixel and the
second sub-pixel; and
the EML3 configured to cover the second sub-pixel and the
third sub-pixel.
18. The OLED display panel according to claim 4, com-
prising:
the EML1 configured to cover the entire pixel unit;
the CBL configured to cover the second sub-pixel and the
third sub-pixel;
the EML2 configured to cover the first sub-pixel and the
second sub-pixel; and
the EML3 configured to cover the entire pixel unit.
19. The OLED display panel according to claim 4, com-
prising:
the EML1 configured to cover the entire pixel unit;
the CBL configured to cover the second sub-pixel and the
third sub-pixel;
the EML2 configured to cover the first sub-pixel and the
second sub-pixel; and
the EML3 configured to cover the second sub-pixel and the
third sub-pixel.
20. The OLED display panel according to claim 4, com-
prising:
the EML1 configured to cover the first sub-pixel and the
second sub-pixel;
the CBL configured to cover the second sub-pixel and the
third sub-pixel;
the EML2 configured to cover the first sub-pixel and the
second sub-pixel; and
the EML3 configured to cover the entire pixel unit.
21. The OLED display panel according to claim 4, com-
prising:
the EML1 configured to cover the first sub-pixel and the
second sub-pixel;
the CBL configured to cover the second sub-pixel and the
third sub-pixel;
the EML2 configured to cover the first sub-pixel and the
second sub-pixel; and
the EML3 configured to cover the second sub-pixel and the
third sub-pixel.
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