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MONOCHROME OLED AND METHOD FOR
MANUFACTURING THE SAME, AND OLED
DISPLAY PANEL

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority to the Chi-
nese patent application No. 201410643039.5, filed on Nov.
7, 2014, the entire content of which is incorporated by
reference.

FIELD OF THE INVENTION

[0002] The present invention relates to Organic Light
Emitting Diode (OLED) technologies, and in particular, to a
monochrome OLED and a method for manufacturing the
same, and an OLED display panel.

DESCRIPTION OF THE PRIOR ART

[0003] Due to the advantages of high efficiency and low
voltage for operation, flexibility and plane luminescence,
etc., OLED exhibits a wide application prospect in the field
of flat panel display and illumination.

[0004] No matter in what mode is an OLED used, high-
efficient and stable white light is especially important. The
white light may be obtained by combining three primary
colors, i.e., red, blue and green, or two compensatory light,
i.e., blue and orange. Therefore, during the industrialization
of white OLED, high-efficient and stable monochrome light
plays an irreplaceable role.

[0005] For a phosphorescence-doped luminescence sys-
tem, the application thereof is greatly limited due to various
defects. Therefore, at present, more and more OLEDs
employ a monochrome luminescent material as a lumines-
cent layer.

[0006] Important factors that influence the performance of
an OLED include: the concentration difference of the car-
riers in the luminescent layer and the efficient exciton
recombination region in the luminescent layer. Carriers
include electrons and holes, and the larger the concentration
difference between the electrons and the holes in the lumi-
nescent layer is, the poorer the performance of the OLED
will be. Similarly, luminescence can only be realized when
an electron and a hole recombine in the luminescent layer to
form an exciton, and the smaller the efficient exciton recom-
bination region in the luminescent layer is, the fewer the
electrons and holes that can be recombined to form excitons
will be, thus the poorer the performance of the OLED will
be.

[0007] In the prior art, the balance of carrier concentra-
tions in the luminescent layer is improved by setting a carrier
transport layer and a carrier blocking layer, and changing the
host and guest doping materials that are used as the lumi-
nescent layer, etc. However, no satisfactory effect can be
obtained by such ways. For example, when host and guest
doping materials are employed as the luminescent layer,
since it is very difficult to control precise doping ratio, the
concentration balance of the carriers cannot be realized. For
another example, although the manufacturing of the carrier
transport layer and the carrier blocking layer, etc., is simple,
a certain loss will occur in the current illumination charac-
teristics such as device brightness and efficiency, etc.
[0008] Therefore, the OLED produced in the prior art still
has a defect that the performance cannot meet the demand.
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SUMMARY OF THE INVENTION

[0009] Ttis an object of the present invention to provide a
monochrome OLED and a method for manufacturing the
same, and an OLED display panel, which can improve the
performance of an OLED.

[0010] In order to attain the above object, in one embodi-
ment according to the first aspect of the invention, there
provides a monochrome OLED. According to the embodi-
ment of the invention, the monochrome OLED includes a
luminescent layer, wherein the luminescent layer includes:
[0011] at least one luminescent sublayer; and

[0012] at least one carrier control layer that is adjacent to
the luminescent sublayer, wherein the carrier control layer is
adapted to control the concentration ratio of carriers with
different polarities in the luminescent layer.

[0013] Optionally, the concentration ratio is from about
1.5:1 to about 1:1.5.

[0014] Optionally, the number of the carrier control layers
is 1 or 2.
[0015] Optionally, a second material that forms the carrier

control layer and a first material that forms the luminescent
sublayer have opposite polarities.

[0016] Optionally, when the first material is a hole trans-
port-emphasized type material, the second material will be
an electron transport-emphasized type material; and when
the first material is an electron transport-emphasized type
material, the second material will be a hole transport-
emphasized type material.

[0017] Optionally, the concentration ratio is set according
to the thickness of the luminescent sublayer, the thickness of
the carrier control layer and the interval mode between the
luminescent sublayer and the carrier control layer.

[0018] Optionally, the highest occupied molecular orbitals
of the first material and the second material meet a first
predetermined relationship, and the lowest unoccupied
molecular orbitals of the first material and the second
material meet a second predetermined relationship, thereby
a carrier-controlling electric field is formed.

[0019] Optionally, when the first material is of a hole
transport-emphasized type, the energy level difference
between the highest occupied molecular orbitals of the first
material and the second material is 20.5 eV, and the energy
level difference between the lowest unoccupied molecular
orbitals of the first material and the second material should
be =<0.4 Ev; and when the first material is of an electron
transport-emphasized type, the energy level difference
between the highest occupied molecular orbitals of the first
material and the second material is <0.5 eV, and the energy
level difference between the lowest unoccupied molecular
orbitals of the first material and the second material should
be 20.1 eV.

[0020] Optionally, the absorption spectrum of the second
material and the luminescence spectrum of the first material
do not overlap with each other.

[0021] Optionally, the first material that forms the lumi-
nescent sublayer is a blue fluorescence dye.

[0022] Optionally, the blue fluorescence dye is an anthra-
cene derivative, a perylene derivative, a pyrene derivative or
a fluorene derivative.

[0023] Optionally, the blue fluorescence dye is DSA-ph,
BCzVBi, 1,4,7,10-tetra(t-butyl)  perylene, DPVBI,
N-BDAVBI or BDAVBI.
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[0024] Optionally, the monochrome OLED specifically
includes:

[0025] an ITO layer;

[0026] a hole transport layer formed of NPB;

[0027] at least one luminescent sublayer formed of
DPVBi;

[0028] at least one carrier control layer formed of DSA-
Ph;

[0029] an electron transport layer formed of BPhen (30
nm);

[0030] an electron injection layer formed of LiF (0.6 nm);
and

[0031] a cathode formed of Al.

[0032] Or, the monochrome OLED specifically includes:
[0033] an ITO layer;

[0034] a hole transport layer formed of NPB;

[0035] at least one luminescent sublayer formed of
DNCA;

[0036] a carrier control layer formed of Alg3;

[0037] an electron transport layer formed of BPhen;
[0038] an electron injection layer formed of LiF; and
[0039] a cathode formed of Al (120 nm).

[0040] Or, the monochrome OLED specifically includes:
[0041] an ITO layer;

[0042] a hole transport layer formed of NPB;

[0043] at least one luminescent sublayer formed of
DPVB;;

[0044] at least one carrier control layer formed of BAlg;
[0045] an electron transport layer formed of BPhen;
[0046] an electron injection layer formed of LiF; and
[0047] a cathode formed of Al.

[0048] In order to attain the above object, in one embodi-

ment according to the second aspect of the invention, there
further provides a method for manufacturing a monochrome
OLED.

[0049] According to the embodiment of the invention, the
method includes a step of forming a luminescent layer,
wherein the step of forming a luminescent layer includes:
[0050] forming at least one luminescent sublayer; and
[0051] forming at least one carrier control layer that is
adjacent to the luminescent sublayer, wherein the carrier
control layer is adapted to control the concentration ratio of
carriers with different polarities in the luminescent layer.
[0052] Optionally, the concentration ratio is from about
1.5:1 to about 1:1.5.

[0053] Optionally, the second material that forms the
carrier control layer and the first material that forms the
luminescent sublayer have opposite polarities.

[0054] Optionally, the highest occupied molecular orbitals
of the first material and the second material meet a first
predetermined relationship, and the lowest unoccupied
molecular orbitals of the first material and the second
material meet a second predetermined relationship, thereby
a carrier-controlling electric field is formed.

[0055] Optionally, when the first material is of a hole
transport-emphasized type, the energy level difference
between the highest occupied molecular orbitals of the first
material and the second material is 0.5 ¢V, and the energy
level difference between the lowest unoccupied molecular
orbitals of the first material and the second material is <0.4
Ev; and when the first material is of an electron transport-
emphasized type, the energy level difference between the
highest occupied molecular orbitals of the first material and
the second material is <0.5 ¢V, and the energy level differ-
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ence between the lowest unoccupied molecular orbitals of
the first material and the second material should be =0.1 eV.
[0056] Optionally, the absorption spectrum of the second
material and the luminescence spectrum of the first material
do not overlap with each other.

[0057] In order to attain the above object, in one embodi-
ment according to the third aspect of the invention, there
further provides an OLED display panel that includes the
above monochrome OLED.

[0058] In the embodiments of the invention, as directed to
the problem that the monochrome OLED manufactured in
the prior art has a poor performance, the concentration ratio
of carriers with different polarities in the luminescent layer
is controlled by adding a carrier control layer to the lumi-
nescent layer, thereby the performance of the OLED can be
improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] FIG. 1a-FIG. 1f show structural representations of
a luminescent layer in the monochrome OLED according to
one embodiment of the invention;

[0060] FIG. 2 shows a schematic diagram of the potential
barrier formed between the luminescent sublayer and the
carrier control layer;

[0061] FIG. 3 shows a schematic flow chart of a method
for manufacturing a monochrome OLED according to one
embodiment of the invention;

[0062] FIG. 4a-FIG. 6 are schematic diagrams showing
the experimental results according to one embodiment of the
invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0063] In the embodiments of the invention, as directed to
the problem that the monochrome OLED manufactured in
the prior art has a poor performance, the concentration ratio
of carriers with different polarities in the luminescent layer
is controlled by adding a carrier control layer to the lumi-
nescent layer, thereby the performance of an OLED may be
improved.

[0064] The monochrome OLED according to one embodi-
ment of the invention includes a luminescent layer; as shown
in FIG. 1a-FIG. 1f, the luminescent layer includes:

[0065] at least one luminescent sublayer 101; and

[0066] atleast one carrier control layer 102 that is adjacent
to the luminescent sublayer, wherein the carrier control layer
102 is adapted to control the concentration ratio of carriers
with different polarities in the luminescent layer.

[0067] It may be found from FIG. 1¢-FIG. 1f'that, in one
embodiment of the invention, the number of the luminescent
sublayers and the number of the carrier control layers may
be equal to each other, or the number of the luminescent
sublayers may be greater than that of the carrier control
layers by 1, or the number of the luminescent sublayers may
be less than that of the carrier control layers by 1. In all the
above cases, the function of controlling the concentration
ratio of carriers with different polarities in the luminescent
layer can be realized, of which the theoretical illustration
and the practical simulated illustration will be given later.
[0068] The generation of a hole and an electron both
requires a certain amount of energy, and the light generated
by an OLED comes from an exciton formed by recombining
an electron-hole pair. When the hole concentration and the
electron concentration are different, a part of the holes or
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electrons will be unable to be recombined to form excitons,
thus this part of redundant holes or electrons cannot be
recombined to form carriers of the excitons, and this will
cause the loss of carriers and lower the utilization of the
carriers, which is unfavorable to improve the performance of
the OLED.

[0069] Therefore, in an ideal case, when the electron
concentration and the hole concentration in the luminescent
layer are the same, the performance of the OLED will be
highest. However, in consideration that a very high process
precision is required to guarantee that the electron concen-
tration and the hole concentration in the luminescent layer
are the same, in one embodiment of the invention, the
requirement of a practical product may be met by only
adding a carrier control layer and controlling the concen-
tration ratio of the electron concentration to the hole con-
centration in the luminescent layer between 1.5:1 and 1:1.5.
[0070] For the monochrome OLED according to one
embodiment of the invention, the concentration ratio of
carriers with different polarities in the luminescent layer can
be controlled, thereby the performance of the OLED can be
improved. This will be explained as follows.

[0071] An exciton is an unstable electron-hole pair formed
of an electron and a hole in a substance with a luminescent
characteristic, and finally it returns to a stable ground state
by releasing energy in the form of light or heat. The form in
which the exciton returns to the stable ground state is closely
related to the exciton concentration. If the region in which
the excitons are formed is too narrow, the concentration of
the excitons in the very narrow recombination region will be
too large, and a too large exciton concentration will cause
the quenching of excitons, that is, the excitons return to the
ground state in the form of heat energy, rather than in the
form of light energy, thus the performance of the OLED will
be lowered. In one embodiment of the invention, due to
adding of the carrier control layer, the recombination region
of the excitons is enlarged, and the exciton concentration in
the recombination region is lowered. Thus the occurrence of
exciton quenching (that is, the excitons return to the ground
state in the form of heat energy) will be reduced, and the
ratio of the case in which the excitons return to the ground
state in the form of light energy will be increased, thereby
the performance of the OLED will be improved.

[0072] In the prior art, when host and guest doping mate-
rials are employed as the luminescent layer, it is difficult to
achieve a very precise doping ratio, thus it cannot achieve
the balance of carrier concentration. However, in the method
according to an embodiment of the invention, viewing from
the manufacturing process, it may be achieved by employing
multilayer sequential evaporation. Moreover, very precise
size control may be realized by evaporation, it may be
achieve more easily in comparison with the doping ratio
control of host and guest doping, and it has a good repeat-
ability. Therefore, precise carrier concentration balance can
be achieved in a process flow that is relative simple and has
a low cost.

[0073] In one embodiment of the invention, the carrier
control layer may be achieved in various modes. Several
possible modes will be illustrated below, but it will not be
regarded as limiting the protection scope of the invention.

Embodiment 1

[0074] In the embodiment 1, it realizes that the second
material that forms the carrier control layer and the first
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material that forms the luminescent sublayer have opposite
polarities, so as to control the concentration ratio of carriers
with different polarities in the luminescent layer.

[0075] In physics, a carrier (Charge Carrier) refers to a
charged particle that may move freely; and in semiconduc-
tor, an electron or a hole becomes a carrier.

[0076] Organic charge transport material is a type of
organic semiconductor material that may realize the ori-
ented, ordered and controllable migration of a carrier under
the action of an electric field so as to transport a charge when
a carrier (electron or hole) is injected, and it includes both
hole transport-emphasized type (P type) material and elec-
tron transport-emphasized type (N type) material. For
example, the hole transport-emphasized type material that
forms the luminescent sublayer includes:

[0077] DSA-ph  (1,4-bi[4-(N,N-diphenyl)amino]styryl-
benzene),
[0078] DNCA (N6,N6,N12,N12-tetra-methylphenyl-

chrysene-6,12-diamine, metamethylphenylchrysene);

[0079] BDAVBi (4,4'-bis[4-(diphenylamino)styryl]biphe-
nyl); and

[0080] N-BDAVBI, etc.

[0081] For example, the electron transport-emphasized

type material that forms the luminescent sublayer includes:

[0082] Alq, (tris(8-hydroxyquinolinato)aluminum);
[0083] ADN (9,10-bi(2-naphthyl)anthracene);

[0084] TBPe (1,4,7,10-tetra-t-butyl perylene); and
[0085] DPVBI ([4,4'-(2,2-styryl)-1,1'-biphenyl]), etc.
[0086] When a unipolar material is used for the lumines-

cent sublayer, it is hypothesized that its transport polarity is
the first polarity (which may be N type or P type). In one
embodiment of the invention, in order to control the con-
centration ratio of carriers with different polarities in the
luminescent layer, a carrier control layer is introduced, and
because the transport polarity of the material thereof is
opposite to that of the material used for the luminescent
sublayer, that is, they have opposite polarities, the concen-
tration ratio of carriers in the luminescent layer may be
controlled by controlling the thickness difference and the
interval between the luminescent layer and the carrier con-
trol layer.

[0087] For example, when the concentration ratio of car-
riers in the luminescent layer cannot meet the requirement,
if it is required to improve the concentration ratio of elec-
trons in the luminescent layer, it may be realized by increas-
ing the thickness of the N type-emphasized material or
lowering the thickness of the P type-emphasized material,
and if'it is required to improve the concentration ratio of the
holes in the luminescent layer, it may be realized by increas-
ing the thickness of the P type-emphasized material or
lowering the thickness of the N type-emphasized material.
[0088] That is to say, in the embodiment of the invention,
when the first material is a hole transport-emphasized type
material, the second material will be an electron transport-
emphasized type material; and when the first material is an
electron transport-emphasized type material, the second
material will be a hole transport-emphasized type material;
thereby, the concentration ratio of carriers in the luminescent
layer may be controlled by controlling the thickness and the
layer interval mode of the layered structure formed of the
first material and the second material. That is, the concen-
tration ratio of carriers may be set according to the thickness
of the luminescent sublayer, the thickness of the carrier



US 2016/0315278 Al

control layer and the interval mode between the luminescent
sublayer and the carrier control layer.

Embodiment 2

[0089] In the Embodiment 2, by selecting the material, a
certain potential barrier is formed in the luminescent layer,
which blocks a part of the carrier from continuing to strike
into the luminescent layer, so that the carriers that cannot
continue to enter into the luminescent layer will be accu-
mulated in the luminescent layer and form a carrier-control-
ling electric field, thereby the concentration ratio of carriers
with different polarities in the luminescent layer can be
controlled by the carrier-controlling electric field.

[0090] The forming of the above carrier-controlling elec-
tric field may be realized by the highest occupied molecular
orbitals (HOMO) and the lowest unoccupied molecular
orbitals (LUMO) of the first material and the second mate-
rial.

[0091] The HOMO energy level difference between two
materials will influence the injection of holes, and the
LUMO energy level difference between two materials will
influence the injection of electrons, the larger the HOMO
energy level difference is, the stronger the ability of blocking
the holes will be. and the larger the LUMO energy level
difference is, the stronger the ability of blocking the elec-
trons will be.

[0092] Therefore, when it is required to improve the
electron concentration in the luminescent layer, a material
that has a small LUMO energy level difference with the
luminescent layer material may be selected as the carrier
control layer, so that the LUMO energy level difference may
be reduced, the injection of electrons may be strengthened,
and the electron concentration in the luminescent layer may
be improved.

[0093] However, when it is required to improve the hole
concentration in the luminescent layer, a material that has a
smaller HOMO energy level difference with the luminescent
layer material may be selected as the carrier control layer, so
that the HOMO energy level difference may be reduced, the
injection of holes may be strengthened, and the hole con-
centration in the luminescent layer may be improve.
[0094] This will be illustrated as follows.

[0095] As shown in FIG. 2, it shows a schematic diagram
of HOMO and LUMO of DNCA (N6,N6,N12,N12-tetra-
methylphenylchrysene-6,12-diamine, —metamethylphenyl-
chrysene) and BPhen (4,7-diphenyl-1,10-orthophenanthro-
line). It may be found from FIG. 2 that, the HOMO energy
level of DNCA is -2.6 ¢V, the LUMO energy level of DNCA
is =5.2 eV, and the HOMO energy level of BPhen is -2.9 eV,
the LUMO energy level of BPhen is -6.4 ¢V, therefore the
HOMO energy level difference between DNCA and Bphen
is only 0.3 eV. That is, the difference between the HOMO
energy level of DNCA (-2.6 eV) and the HOMO energy
level of Bphen (-2.9 eV) is relatively small, and thus a large
amount of holes can overcome the above energy level
difference of 0.3 eV, transport in DNCA and reach the
boundary of DNCA and Bphen. However, for an electron, if
it is required to pass through DNCA and be transported to
Bphen, it needs to overcome a LUMO energy level differ-
ence of 1.2 €V, that is, the difference between the LUMO
energy level (-5.2 eV) of DNCA and the LUMO energy
level (6.4 eV) of Bphen. For electrons, this is a very large
energy level difference that is difficult to overcome. There-
fore, the blocking of electrons is realized.
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[0096] In the embodiment of the invention, in order to
guarantee that the concentration ratio of electrons to holes is
between 1.5:1-1:1.5, when the first material is of a hole
transport-emphasized type, the HOMO energy level differ-
ence between the first material and the second material is
=0.5 eV, and the LUMO energy level difference between the
first material and the second material should be <0.4 eV; and
when the first material is of an electron transport-empha-
sized type, the HOMO energy level difference between the
first material and the second material is <0.5 eV, and the
LUMO energy level difference between the first material and
the second material should be =0.1 eV. That is to say, in the
embodiment of the invention, by selecting different materi-
als of which the HOMO and the LUMO respectively meet
a certain relation, a potential barrier that attracts or blocks
carriers may be formed in the luminescent layer, thereby the
concentration ratio of carriers with different polarities in the
luminescent layer may be influenced.

[0097] For what material is to be employed to meet the
concentration ratio of carriers with different polarities in the
luminescent layer, it may be determined by persistent
experiments.

[0098] It should be understood that the above two modes
do not conflict with each other, and the two modes may be
used in conjunction.

[0099] In the embodiment of the invention, luminescence
is mainly realized by the first material. However, since a
carrier control layer is added, in order to prevent the carrier
control layer added in the embodiment of the invention from
influencing the light beams generated by the luminescent
layer, in an exemplary realization mode, it guarantees that
the absorption spectrum of the second material that forms
the carrier control layer and the luminescence spectrum of
the first material that forms the luminescent sublayer do not
overlap with each other.

[0100] By controlling the absorption spectrum, the light
beams emitted by the first material will not be absorbed by
the second material, thus the luminescence efliciency of the
monochrome OLED will not be lowered in the embodiment
of the invention.

[0101] The monochrome OLED according to the embodi-
ment of the invention may be a fluorescent OLED of various
colors, wherein, in an exemplary realization mode, the
monochrome OLED is a blue light OLED, and the first
material that forms the luminescent sublayer is a blue
fluorescence dye.

[0102] The blue fluorescence dye may be an anthracene
derivative, a perylene derivative, a pyrene derivative or a
fluorene derivative.

[0103] The blue fluorescence dye may also be DSA-ph
(1,4-bi[4-(N,N-diphenylJamino|styrylbenzene), BCzVBi
(4,4'-bis(9-ethyl-3-carbazolylvinyl)-1,1-biphenyl), ~TBPe
(1,4,7,10-tetra-t-butyl perylene), DPVBi ([4,4'-(2,2-styryl)-
1,1-biphenyl]), BDAVBI (4,4'-bis[4-(diphenylamino)styryl]
biphenyl) or N-BDAVBi. An embodiment of the invention
further provides a method for manufacturing a monochrome
OLED, which includes a step of forming a Iuminescent
layer; as shown in FIG. 3, the step of forming a luminescent

layer specifically includes:

[0104] Step 301: forming at least one luminescent sub-
layer; and
[0105] Step 302: forming at least one carrier control layer

that is adjacent to the luminescent sublayer, wherein the
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carrier control layer is adapted to control the concentration
ratio of carriers with different polarities in the luminescent
layer.

[0106] The controlling of the concentration ratio of carri-
ers with different polarities may be realized in the two modes
below.

[0107] The second material that forms the carrier control
layer and the first material that forms the luminescent
sublayer have opposite polarities so as to control the con-
centration of carriers with different polarities in the lumi-
nescent layer; and

[0108] The HOMOs of the first material and the second
material meet a first predetermined relationship, and the
LOMOs of the first material and the second material meet a
second predetermined relation, thereby a carrier-controlling
electric field is formed, wherein the carrier-controlling elec-
tric field is adapted to control the concentration ratio of
carriers with different polarities in the luminescent layer.
[0109] During the process of manufacturing a whole LED,
first of all, the ITO layer is etched into a required pattern
according to a designed mask plate, and then the substrate
thereof is cleaned and treated in turn by an organic solvent
and ozone, etc. Next, the ITO substrate is placed into a
vacuum coating machine, and when the pressure intensity in
the chamber is lowered to 2x107* Pa, a hole transport layer,
a luminescent layer including a carrier control layer struc-
ture, an electron transport layer, an electron injection layer
and a cathode are in turn evaporated on the ITO layer.
Finally, the ITO plane is correspondingly encapsulated by a
glass cover plate.

[0110] In order to guarantee the luminescence efficiency of
a fluorescent OLED, the absorption spectrum of the second
material that forms the carrier control layer and the lumi-
nescence spectrum of the first material that forms the
luminescent sublayer do not overlap with each other.
[0111] In order to attain the above object, an embodiment
of the invention further provides an OLED display panel that
includes the above monochrome OLED.

[0112] The fluorescent OLED according to the embodi-
ment of the invention will be experimentally verified as
follows.

Embodiment 3

[0113] An OLED A manufactured in the prior art is as
follows, which in turn includes an ITO, a hole transport layer
formed of NPB (N,N-diphenyl-N,N-bi(1-naphthyl)-1,1'-bi-
phenyl-4.4'-diamine) (40 nm), a luminescent layer formed of
DPVBIi (4,4-bi(2,2-di-styryl)-1,1-biphenyl) (30 nm), an
electron transport layer formed of BPhen (4,7-diphenyl-1,
10-orthophenanthroline) (30 nm), an electron injection layer
formed of LiF (lithium fluoride) (0.6 nm) and a cathode
formed of Al (aluminum) (120 nm).

[0114] An OLED B according to one embodiment of the
invention is as follows, which in tum includes: an ITO, a
hole transport layer formed of NPB (40 nm), a luminescent
sublayer formed of DPVBIi (10 nm), a carrier control layer
formed of DSA-Ph (1.4-bi[4-(N,N-diphenyl)-amino]styryl-
benzene) (5 nm), a luminescent sublayer formed of DPVBi
(20 nm), an electron transport layer formed of BPhen (30
nm), an electron injection layer formed of LiF (0.6 nm) and
a cathode formed of Al (120 nm);

[0115] Another OLED C according to one embodiment of
the invention is as follows, which in turn includes: an ITO,
a hole transport layer formed of NPB (40 nm), a luminescent
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sublayer formed of DPVBi (20 nm), a carrier control layer
formed of DSA-Ph (5 nm), a luminescent sublayer formed
of DPVBI (10 nm), an electron transport layer formed of
BPhen (30 nm), an electron injection layer formed of LiF
(0.6 nm) and a cathode formed of Al (120 nm).

[0116] FIG. 4a shows a graph of compared test data of
voltage-current density and voltage-brightness of the above
3 OLEDs. It may be found from FIG. 4a (wherein, the
arrows in FIG. 4a and FIG. 6 represent the direction in
which the axis of ordinate corresponding to the curve exists,
that is, in FIG. 4a and FIG. 6, the upper set of curves are
voltage-current density curves, and the lower set of curves
are voltage-brightness curves) that: relative to the OLED A
of the prior art, the OLED B and C according to the
embodiments of the invention can reach a higher brightness
at the same drive voltage.

[0117] FIG. 45 shows a graph of compared test data of
current density-current efficiency of the above 3 OLEDs,
and it may be found from FIG. 4b that: relative to the OLED
A of the prior art, the OLED B and C according to the
embodiments of the invention can reach a higher current
efficiency at the same current density, and the improving of
current efficiency is very significant.

[0118] Therefore, in conclusion, relative to the OLED A of
the prior art, the OLED B and C according to the embodi-
ments of the invention can reach a higher brightness and a
higher current efficiency at the same drive voltage, but the
current densities of the three has no significant difference.

Embodiment 4

[0119] An OLED A manufactured in the prior art (n=0,
with no carrier control layer) is as follows, which in turn
includes: an ITO, a hole transport layer formed of NPB (40
nm), a luminescent layer formed of DNCA (20 nm), an
electron transport layer formed of BPhen (30 nm), an
electron injection layer formed of LiF (0.6 nm) and a
cathode formed of Al (120 nm).

[0120] An OLED according to one embodiment of the
invention (n=1, with one carrier control layer) is as follows,
which in turn includes: an ITO, a hole transport layer formed
of NPB (40 nm), a luminescent sublayer formed of DNCA
(10 nm), a carrier control layer formed of Alq, (iris(8-
hydroxyquinolinatoJaluminum) (5 nm), a luminescent sub-
layer formed of DNCA (10 nm), an electron transport layer
formed of BPhen (30 nm), an electron injection layer formed
of LiF (0.6 nm) and a cathode formed of Al (120 nm).

[0121] Another OLED according to one embodiment of
the invention (n=2, with two carrier control layers) is as
follows, which in turn includes: an ITO, a hole transport
layer formed of NPB (40 nm), a luminescent sublayer
formed of DNCA (7 nm), a carrier control layer formed of
Alg, (2.5 nm), a luminescent sublayer formed of DNCA (7
nm), a carrier control layer formed of Alg; (2.5 nm), a
luminescent sublayer formed of DNCA (7nm), an electron
transport layer formed of BPhen (30 nm), an electron
injection layer formed of LiF (0.6 nm) and a cathode formed
of Al (120 nm).

[0122] FIG. 5 shows a graph of compared test data of
current density-current efficiency of the above 3 OLED:,
and it may be found from FIG. 5 that: relative to the OLED
(n=0) of the prior art, the OLED (n=1, 2) according to the
embodiments of the invention have higher current efficiency.
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Embodiment 5

[0123] An OLED A manufactured in the prior art (n=0,
with no carrier control layer) is as follows, which in turn
includes: an ITO, a hole transport layer formed of NPB (40
nm), a luminescent layer formed of DPVBi (30 nm), an
electron transport layer formed of BPhen (30 nm), an
electron injection layer formed of LiF (0.6 nm) and a
cathode formed of Al (120 nm).

[0124] An OLED (n=1, with one carrier control layer)
according to one embodiment of the invention is as follows,
which in turn includes: an ITO, a hole transport layer formed
of NPB (40 nm), a luminescent sublayer formed of DPVBi
(15 nm), a carrier control layer formed of BAlq (bis(2-
methyl-8-hydroxyquinolinato-N1,08)-(1,1'-biphenyl-4-hy-
droxy)aluminum) (5 nm), a luminescent sublayer formed of
DPVBi (15 nm), an electron transport layer formed of
BPhen (30 nm), an electron injection layer formed of LiF
(0.6 nm) and a cathode formed of Al (120 nm).

[0125] Another OLED (n=2, with two carrier control
layers) according to one embodiment of the invention is as
follows, which in turn includes: an ITO, a hole transport
layer formed of NPB (40 nm), a luminescent sublayer
formed of DPVBI (10 nm), a carrier control layer formed of
BAlq (2.5 nm), a luminescent sublayer formed of DPVBi
(10 nm), a carrier control layer formed of BAlq (2.5 nm), a
luminescent sublayer formed of DPVBi (10 nm), an electron
transport layer formed of BPhen (30 nm), an electron
injection layer formed of LiF (0.6 nm) and a cathode formed
of Al (120 nm).

[0126] A further OLED (n=3, with three carrier control
layers) according to one embodiment of the invention is as
follows, which in turn includes: an ITO, a hole transport
layer formed of NPB (40 nm), a luminescent sublayer
formed of DPVBI (7.5 nm), a carrier control layer formed of
BAlq (1.6 nm), a luminescent sublayer formed of DPVBi
(7.5 nm), a carrier control layer formed of BAlq (1.6 nm), a
luminescent sublayer formed of DPVBI (7.5 nm), a carrier
control layer formed of BAlq (1.6 nm), a luminescent
sublayer formed of DPVBI (7.5 nm), an electron transport
layer formed of BPhen (30 nm). an electron injection layer
formed of LiF (0.6 nm) and a cathode formed of Al (120
nm).

[0127] FIG. 6 shows a graph of compared test data of
voltage-current density and voltage-brightness of the above
4 OLEDs, and it may be found from FIG. 6 that: relative to
the OLED of the prior art, the current density and the
brightness of the OLED (n=1 and n=2) according to the
embodiments of the invention are both improved, which
benefits from the reinforcement of the electron transport
ability in the luminescent layer. At the same time, when
BAlq is employed as the carrier control layer, the HOMO
energy level of DPVBI is the same as the HOMO energy
level of BAlg, and the LUMO energy level difference
between BAlq and BPhen is 0.1 €V, thus in each different
luminescent layer, the holes exhibit a phenomenon of regres-
sive concentration. On the contrary, a potential barrier of 0.1
eV is favorable for the electrons to enter into the luminescent
layer from the electron transport layer, and the strong
electron transport ability of BAlq itself is also favorable for
the electrons to be transported in the luminescent layer, thus
it is favorable for the balance of electron-hole pairs, so that
the brightness of the device may be increased. However, as
the number of carrier control layers increases, the number of
interfaces of the organic materials will also increase corre-
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spondingly, ant this will introduce film-forming defects to a
certain extent, which is unfavorable for the transport of
carriers and lowers the performance of the device. There-
fore, in this device, when n=3, the current density and
brightness of the device both slightly decrease.

[0128] Therefore, in the embodiments of the invention, the
number of carrier control layers is less than or equal to 2.

[0129] In the embodiments of the invention, by adding a
carrier control layer, the electron concentration and hole
concentration in the luminescent layer is made at a suitable
ratio, the electrons or holes that cannot be recombined to
form excitons are reduced greatly, the utilization of the
carriers is improved, and the performance of the OLED is
improved.

[0130] At the same time, in the embodiment of the inven-
tion, due to the adding of a carrier control layer, the
recombination region of excitons is extended, and the exci-
ton concentration is lowered, so that the occurrence of
exciton quenching (that is, the excitons return to the ground
state in the form of heat energy) will be reduced, the ratio of
the case in which the excitons return to the ground state in
the form of light energy will be increased, thereby the
performance of the OLED can be improved.

[0131] The above description only shows some preferred
embodiments of the invention. It should be pointed that, for
one of ordinary skills in the art, various improvements and
modifications may also be made without departing from the
principles of the invention, and these improvements and
modifications should also be regarded as the protection
scope of the invention.

1. A monochrome organic light-emitting diode (OLED),
comprising a luminescent layer, wherein the luminescent
layer comprises:

at least one luminescent sublayer; and

at least one carrier control layer that is adjacent to the

luminescent sublayer, wherein the carrier control layer
is adapted to control a concentration ratio of carriers
with different polarities in the luminescent layer.

2. The monochrome OLED according to claim 1, wherein
the concentration ratio is from about 1.5:1 to about 1:1.5.

3. The monochrome OLED according to claim 1, wherein
the number of the carrier control layers is 1 or 2.

4. The monochrome OLED according to claim 1, wherein
a second material that forms the carrier control layer and a
first material that forms the luminescent sublayer have
opposite polarities.

5. The monochrome OLED according to claim 4, wherein
when the first material is a hole transport-emphasized type
material, the second material will be an electron transport-
emphasized type material, and when the first material is an
electron transport-emphasized type material, the second
material will be a hole transport-emphasized type material.

6. The monochrome OLED according to claim 1, wherein
the concentration ratio is set according to a thickness of the
luminescent sublayer, a thickness of the carrier control layer
and an interval mode between the luminescent sublayer and
the carrier control layer.

7. The monochrome OLED according to claim 4, wherein
the highest occupied molecular orbitals of the first material
and the second material meet a first predetermined relation-
ship, and the lowest unoccupied molecular orbitals of the
first material and the second material meet a second prede-
termined relationship, so that a carrier-controlling electric
field is formed.
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8. The monochrome OLED according to claim 7, wherein,
when the first material is of a hole transport-emphasized
type, an energy level difference between the highest occu-
pied molecular orbitals of the first material and the second
material is 0.5 eV, and an energy level difference between
the lowest unoccupied molecular orbitals of the first material
and the second material is <0.4 €V; and hen the first material
is of an electron transport-emphasized type, the energy level
difference between the highest occupied molecular orbitals
of the first material and the second material is <0.5 eV, and
the energy level difference between the lowest unoccupied
molecular orbitals of the first material and the second
material is 20.1 eV.

9. The monochrome OLED according to claim 4, wherein
the absorption spectrum of the second material and the
luminescence spectrum of the first material do not overlap
with each other.

10. The monochrome OLED according to claim 4,
wherein the monochrome OLED is a blue fluorescence
OLED.

11. The monochrome OLED according to claim 10,
wherein a blue fluorescence dye used by the blue fluores-
cence OLED is an anthracene derivative, a perylene deriva-
tive, a pyrene derivative or a fluorene derivative.

12. The monochrome OLED according to claim 10,
wherein the blue fluorescence dye used by the blue fluores-
cence OLED is DSA-ph, BCzVBi, TBPe, DPVBI,
N-BDAVBI or BDAVBI.

13. The monochrome OLED according to claim 12,
wherein the monochrome OLED comprises:

an ITO layer;

a hole transport layer formed of NPB;

at least one luminescent sublayer formed of DPVB;;

at least one carrier control layer formed of DSA-Ph;

an electron transport layer formed of BPhen (30 nm);

an electron injection layer formed of LiF (0.6 nm); and

a cathode formed of Al,

or, the monochrome OLED comprises:

an ITO layer;

a hole transport layer formed of NPB;

at least one luminescent sublayer formed of DNCA,;

a carrier control layer formed of Algs;

an electron transport layer formed of BPhen;

an electron injection layer formed of LiF; and

a cathode formed of Al (120 nm),

or, the monochrome OLED comprises:

an ITO layer;

a hole transport layer formed of NPB;

at least one luminescent sublayer formed of DPVB;;
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at least one carrier control layer formed of BAlq;

an electron transport layer formed of BPhen;

an electron injection layer formed of LiF; and

a cathode formed of Al

14. A method for manufacturing a monochrome organic
light-emitting diode (OLED), comprising a step of forming
a luminescent layer, wherein the step of forming the lumi-
nescent layer comprises:

forming at least one luminescent sublayer; and

forming at least one carrier control layer that is adjacent

to the luminescent sublayer, wherein the carrier control
layer is adapted to control a concentration ratio of
carriers with different polarities in the luminescent
layer.

15. The method according to claim 14, wherein the
concentration ratio is from about 1.5:1 to about 1:1.5.

16. The method according to claim 14, wherein a second
material that forms the carrier control layer and a first
material that forms the luminescent sublayer have opposite
polarities.

17. The method according to claim 16, wherein the
highest occupied molecular orbitals of the first material and
the second material meet a first predetermined relationship,
and the lowest unoccupied molecular orbitals of the first
material and the second material meet a second predeter-
mined relationship, so that a carrier-controlling electric field
is formed.

18. The method according to claim 17, wherein, when the
first material is of a hole transport-emphasized type, an
energy level difference between the highest occupied
molecular orbitals of the first material and the second
material is 20.5 eV, and an energy level difference between
the lowest unoccupied molecular orbitals of the first material
and the second material is =0.4 €V, and when the first
material is of an electron transport-emphasized type, the
energy level difference between the highest occupied
molecular orbitals of the first material and the second
material is 0.5 eV, and the energy level difference between
the lowest unoccupied molecular orbitals of the first material
and the second material is 20.1 eV.

19. The method according to claim 16, wherein the
absorption spectrum of the second material and the lumi-
nescence spectrum of the first material do not overlap with
each other.

20. An organic light-emitting diode (OLED) display
panel, comprising the monochrome OLED according claim
1.
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