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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2012-0058452 filed on May 31, 2012,
which is hereby incorporated by reference.

BACKGROUND

[0002] 1.Field

[0003] This document relates to an organic light emitting
display device and a method for manufacturing the same.
[0004] 2. Related Art

[0005] Anorganiclightemitting elementused in an organic
light emitting display device is a self-luminous element in
which an emission layer is formed between two electrodes.
The organic light emitting element is an element that emits
light when electrons and holes are injected from an electron
injection electrode (cathode) and a hole injection electrode
(anode) to an emission layer and excitons created by recom-
bination of the injected electrons and holes transition from an
excited state to a base state.

[0006] The organic light emitting display device is divided
into a top-emission type, a bottom-emission type, and a dual-
emission type according to a light emission direction. The
organic light emitting display device is divided into a passive
matrix type and an active matrix type according to a driving
method.

[0007] In the organic light emitting display device, when a
scan signal, a data signal, power, etc. are supplied to a plural-
ity of subpixels arranged in a matrix, selected subpixels emit
light, thereby displaying an image.

[0008] To improve the light emission efficiency and color
coordinates of a display, the organic light emitting display
device has adopted a microcavity structure in which the thick-
ness of red, green, and blue subpixels is varied. Also, the
organic light emitting display device has adopted a stack
structure using two emission layers as a way to improve the
light emission efficiency and color coordinates of the display
panel.

[0009] However, it was not easy to control thickness
because the microcavity structure and stack structure accord-
ing to the conventional art basically employ a multilayer
structure. Moreover, the conventional microcavity structure
and stack structure using the multilayer structure caused the
rise in manufacturing costs due to the increased amount of
materials used and the increased thickness. Further, the con-
ventional microcavity structure and stack structure using the
multilayer structure caused the increase in defect rates result-
ing from the increased number of processes, the increased
costs of additional equipment for a chamber, and the
increased number of fine metal masks depending on struc-
tures.

SUMMARY

[0010] The present invention has been made in an effort to
provide an organic light emitting display device comprising:
asubstrate; and subpixels formed on the substrate, each of the
subpixels comprising an emission layer consisting of a first
host layer made of a first host material, a mixed layer made of
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the first host material, a dopant material, and a second mate-
rial, and a second host layer made of the second host material.

[0011] In another aspect, an exemplary embodiment of the
present invention provides a method for manufacturing an
organic light emitting display device, the method comprising:
forming a lower electrode on a substrate; forming an emission
layer consisting of a first host layer made of a first host
material, a mixed layer made of the first host material, a
dopant material, and a second material, and a second host
layer made of the second host material; and forming an upper
electrode on the emission layer, wherein in the forming of the
emission layer, a source deposition unit provided with first
and second host sources respectively containing the first and
second host materials and a dopant source containing the
dopant material is used, and in the forming of the emission
layer, deposition is performed while the source deposition
unit moves as if scanning, or the source deposition unit is
fixed and deposition is performed while the substrate moves
as if scanning.

[0012] In another aspect, an exemplary embodiment of the
present invention provides an organic light emitting display
device comprising: a substrate; and a plurality of subpixels
formed on the substrate, each of the subpixels comprising a
mixed layer formed with a combination of a first host mate-
rial, a second host material, and a dopant material, wherein a
first, second, and third of the subpixels each has a mixed layer
of different thickness from each other, wherein the first host
material and the second host material are different from each
other, and wherein at least some light emission occurs in the
mixed layer.

[0013] In another aspect, an exemplary embodiment of the
present invention provides an organic light emitting display
device comprising: a substrate; and at least one subpixel
formed on the substrate, the subpixel comprising a plurality
of emission layers separated by an intermediate layer, at least
one of the emission layers being a mixed layer formed with a
combination of a first host material, a second host material,
and a dopant material, wherein the first host material and the
second host material are different from each other, and
wherein at least some light emission occurs in each mixed
layer.

[0014] In another aspect, an exemplary embodiment of the
present invention provides a method for manufacturing an
organic light emitting display device, the method comprising:
forming a lower electrode on a substrate; changing a relative
position between a source deposition unit and a substrate;
depositing, using the source deposition unit, on the substrate,
an emission layer comprising a first host layer made of a first
host material, a mixed layer made of the first host material, a
dopant material, and a second host material, and a second host
layer made of the second host material, wherein the emission
layer is deposited in a single pass of the source deposition umt
over the substrate; and forming an upper electrode on the
emission layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:
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[0016] FIG.1 is a view showing the structure of subpixels
according to a first exemplary enbodiment of the present
invention;

[0017] FIG. 2 is a first illustration of an emission layer of
FIG. 1;

[0018] FIG. 3 is a second illustration of the emission layer
of F1IG. 1,

[0019] FIG. 4 is a third illustration of the emission layer of
FIG. 1;

[0020] FIG. 5 is a view for comparatively explaining a

conventional structure and the structure of the first exemplary
embodiment;

[0021] FIG. 6 shows an EL spectrum of the elements of
Table 1;
[0022] FIG.7isa graph showing the driving voltage versus

driving current for the elements of Table 1;
[0023] FIG. 8 is a graph showing the light emission effi-
ciency versus driving current for the elements of Table 1,

[0024] FIG. 9 shows an EL spectrum of the elements of
Table 3;
[0025] FIG. 10 is a graph showing the driving voltage ver-

sus driving current for the elements of Table 3;

[0026] FIG. 11 is a graph showing the light emission effi-
ciency versus driving current for the elements of Table 3;
[0027] FIG. 12 is a graph showing the life-spans of the
conventional structure and the structures of the first exem-
plary embodiment;

[0028] FIG. 13 shows a first modification of the first exem-
plary embodiment;

[0029] FIG. 14 shows a second modification of the first
exemplary embodiment;

[0030] FIG.15 shows a third modification of the first exem-
plary embodiment;

[0031] FIG.16isaview showing the structure of a subpixel
according to a second exemplary embodiment of the present
invention;

[0032] FIG. 17 shows a first modification of the second
exemplary embodiment;

[0033] FIG. 18 shows a second modification of the second
exemplary embodiment; and

[0034] FIG. 19 shows a third modification of the second
exemplary embodiment;

[0035] FIG. 20 is a view showing the structure of subpixels
according to a third exemplary embodiment of the present
invention;

[0036] FIG. 21 is a cross-sectional view of a source depo-
sition unit according to a fourth exemplary embodiment of the
present invention;

[0037] FIGS. 22 and 23 are views for explaining a process
method for the source deposition method,

[0038] FIG.241is aside view exemplifying the layout of the
source deposition unit; and

[0039] FIGS. 25 to 27 illustrate a manufacturing method
according to the fourth exemplary embodiment of the present
invention.

DETAILED DESCRIPTION

[0040] Reference will now be made in detail to the embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings.

[0041] Hereinafter, a concrete embodiment of the present
invention will be described with reference to the accompany-
ing drawings.
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[0042] An organic light emitting display device according
to the present invention comprises a timing controller, a data
driver, a scan driver, and a display panel.

[0043] The timing controller receives a vertical synchroni-
zation signal, a horizontal synchronization signal, a data
enable signal, a clock signal, and a data signal from an exter-
nal source, for example, an image processor). The timing
controller controls operation timings of the data driver and the
scan driver using the timing signals such as the vertical syn-
chronization signal, the horizontal synchronization signal,
the data enable signal, and the clock signal.

[0044] The data driver samples and latches the data signal
supplied from the timing controller in response to a data
timing control signal supplied from the timing controller, and
converts it into a data signal having a parallel data format. The
data driver converts a digital data signal into an analog data
signal having a parallel data format in response to a gamma
reference voltage. The data driver supplies the converted data
signal to subpixels included in the display panel through data
lines.

[0045] The scan driver sequentially generates scan signals
in response to a timing control signal supplied from the timing
controller. The scan driver supplies the generated scan signals
to the subpixels included in the display panel through scan
lines.

[0046] Thedisplay panel comprises subpixels disposedina
matrix form. The subpixels may comprise red, green, and blue
subpixels, or comprise white subpixels and a color conversion
layer for converting white light of the white subpixels into
red, green, and blue light. The subpixels may be of a passive
type or active type. For example, an active type subpixel
comprises a switching transistor for supplying a data signal in
response to a scan signal, a capacitor for storing the data
signal at a data voltage, a driving transistor for generating a
driving current in response to the data voltage, and an organic
light emitting diode for emitting light in response to the
driving current. The sub pixels may be configured in a 2T1C
(2 transistors and 1 capacitor) structure including a switching
transistor, a driving transistor, a capacitor and an organic light
emitting diode or in a structure, such as 3T1C, 4T2C, and
5T2C, further including a transistor and a capacitor in addi-
tion to 2T1C. The subpixels may be of a top-emission type, a
bottom-emission type, or a dual-emission type according to
their structure.

[0047] The subpixels constituting the display panel have a
microcavity structure or stack structure for improving light
emission efficiency and color coordinates. This will be
described below in more detail.

First Exemplary Embodiment

[0048] FIG. 1 is a view showing the structure of subpixels
according to a first exemplary embodiment of the present
invention. FIG. 2 is a first illustration of an emission layer of
FIG. 1. FIG. 3 is a second illustration of the emission layer of
FIG. 1. FIG. 4 is a third illustration of the emission layer of
FIG. 1.

[0049] As shown in FIG. 1, RGB subpixels RGB emitting
light of different colors, e.g., red, green, and blue, and having
different thicknesses are formed on a substrate 110. The RGB
subpixels RGB each comprise a lower electrode 120, a func-
tional layer 131, an emission layer 135, an upper electrode
140, and a protective layer 150. The protective layer 150 may
be omitted depending on the structure of the substrate 100.
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[0050] The electrodes 120 and 140 positioned under and
above the emission layer 135 and the functional layer 131
each are equal in thickness among the RGB subpixels RGB,
and only the emission layer 135 differs in thickness.

[0051] Thelower electrode 120 and the upper electrode 140
may be an anode and a cathode, respectively, according to
their light emitting method. A description will be made on an
example in which the lower electrode 120 acts as an anode
and the upper electrode 140 acts as a cathode.

[0052] Ifthe lowerelectrode 120 acts as an anode, the lower
electrode 120 may be formed as a single layer electrode
comprising an oxide electrode made of ITO (indium tin
oxide), IZO (indium zinc oxide), etc, or as a multilayer elec-
trode further comprising a reflection electrode made of silver
(Ag) or other low-resistivity metals, in addition to a transpar-
ent electrode; however, the present invention is not limited
thereto.

[0053] Ifthe upper electrode 140 acts as a cathode, a mate-
rial having a low work function, excellent conductivity, and
low surface resistance may be used, an alkali metal oralkaline
earth metal of Group 1 or 2 may be used, and the oxide
electrode used for the anode may be further used. Examples
of the cathode may include, but are not limited to, a single
layer electrode or multilayer electrode made of silver Ag,
aluminum Al, magnesium Mg, lithium LI, calcium Ca,
lithium fluoride LiF, ITO, or IZ0, or a combined electrode
thereof.

[0054] The functionally layer 131 may be a hole injection
layer HIL for facilitating the injection of holes. The hole
injection layer may be one of p-type, n-type, and organic/
inorganic mixed layers. Examples of the hole injection layer
may include, but are not limited to, any one or more selected
from the group consisting of F4-TCNQ and TCNQ deriva-
tives, HATCN and its derivatives, MoOx, NPD:MgF?2,
rubrene:MgF2, CuPc (cupper phthalocyanine), PEDOT (poly
(3,4)-ethylenedioxythiophene), PANI (polyaniline), and
NPD (N,N-dinaphthyl-N,N'-diphenyl benzidine).

[0055] Although the foregoing description was given only
regarding the hole injection layer as an example of the func-
tional layer 131, the functional layer 131 may comprise at
least one or more of the following: a hole injection layer HIL,
aholetransparent layer HTL, an electron blocking layer EBL,
a hole blocking layer HBL, an electron transport layer ETL,
and an electron injection layer EIL. Also, the layers included
in the functional layer 131 may be omitted depending on the
material which a first host layer and a second host layer are
made of.

[0056] The emission layer 135 may comprise a first host
layer, a mixed layer, and a second host layer, and at least one
of the first host layer, mixed layer, and second host layer of
each of the RGB subpixels RGB differs in thickness, a
description of which will be made below.

[0057] Asshown in FIGS. 2 t0 4, the emission layers 135 of
the RGB subpixels RGB comprise a first host layer 135_A
made of a first host material, a mixed layer 135_M of the first
host material, a dopant material, and a second host material,
and a second host layer 135_B made of a second host mate-
rial.

[0058] As shown in the first illustration of FIG. 2, while the
first host layer 135_A and second host layer 135_B of the
emission layer 135 each are equal in thickness among the
RGB subpixels RGB, the mixed layer 135_M differs in thick-
ness. For example, the relationship between the thicknesses
of the mixed layers 135_M of the RGB subpixels RGB is in
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the order of R subpixel R>G subpixel G>B subpixel B. In one
implementation, the host layers 135_B and 135_A are sig-
nificantly thinner than the mixed layer 135_M, for example
anywhere in the range of one-tenth to one-thirtieth as thick,
inclusive.

[0059] As shown in the second illustration of FIG. 3, while
the second host layer 135_B and mixed layer 135_M of the
emission layer 135 each are equal in thickness among the
RGB subpixels RGB, the first layer 135_A differs in thick-
ness. For example, the relationship between the thicknesses
of the mixed layers 135_M of the RGB subpixels RGB is in
the order of R subpixel R>G subpixel G>B subpixel B.
[0060] Asshown inthethirdillustration of FIG. 4, while the
firsthost layer 135_A and mixed layer 135_M ofthe emission
layer 135 each are equal in thickness among the RGB sub-
pixels RGB, the second host layer 135_B differs in thickness.
For example, the relationship between the thicknesses of the
second host layers 135_B ofthe RGB subpixels RGB is in the
order of R subpixel R>G subpixel G>B subpixel B.

[0061] As shown in the example of FIGS. 2 to 4, the RGB
subpixels RGB according to the first exemplary embodiment
of the present invention achieve a microcavity structure by
adjusting the thickness of three layers including the first host
layer 135_A, the mixed layer 135_M, and the second host
layer 135_B constituting the emission layer 135.

[0062] Inthe above description, the first host material con-
stituting the first host layer 135_A and the second host mate-
rial constituting the second host layer 135_B are different
from each other. For example, the first host material is a
hole-type material having a higher hole transportability than
the second host material has, and the second host material is
an electron-type material having a higher electron transport-
ability than the first host material has.

[0063] The first host material may comprise, but are not
limited to, arylamine derivatives, biphenyl derivatives, and
unlisted metal complexes and pure organic structures. The
second host material may comprise, but are not limited to,
aluminum complexes, beryllium complexes, oxadiazole
derivatives, and unlisted metal complexes and pure organic
structures.

[0064] In the above description, the dopant material may
comprise a phosphorescent organic metal complex com-
pound or phosphor material. The phosphorescent organic
metal complex compound may comprise, but are not limited
to, heavy metals such as iridium Ir, platinum Pt, gold Au, and
osmium Os and rare earths such as europium Eu and terbium
Tb. The phosphor material may comprise, but are not limited
to, pyrene derivatives, aluminum complexes, anthracene
derivatives, rare earth complexes, arylamine derivatives, tria-
zole derivatives, and rubrene derivatives. By the way, the
dopant may be one or more of the above-listed materials or
unlisted materials.

[0065] FIG. 5 is a view for comparatively explaining a
conventional structure and the structure of the first exemplary
embodiment.

[0066] (a) of FIG. 5 depicts a view showing the structure of
conventional subpixels for providing a microcavity effect,
and (b) of FIG. § depicts a view showing the structure of the
subpixels of the first exemplary embodiment for providing a
microcavity effect.

[0067] As can be seen from (a) of FIG. 5, in the structure
diagram of the conventional subpixels, a chamber process of
10 steps or more is required in order to form the illustrated
layers, from a hole injection layer HIL to a protective layer
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CPL. Also, a mask process of 5 EAs or more is required in
order to form hole transport layers R'HTL and G'HTL and
emission layer Red, Green, and Blue.

[0068] As can be seen from (b) of FIG. 5, in the structure
diagram of the subpixels of the first exemplary embodiment,
a chamber process of 6 steps is used in order to form layers,
from a hole injection layer HIL to a protective layer CPL.
Also, a mask process of only 3 steps is required in order to
form emission layer Red, Green, and Blue.

[0069] That is, the structure of the subpixels of the first
exemplary embodiment makes thickness control easy
because it uses a small lamination structure, compared to the
conventional structure. Moreover, the structure of the subpix-
els of the first exemplary embodiment contributes to prevent-
ing a rise in manufacturing costs by decreasing the amount of
materials used and thickness because it uses a small lamina-
tion structure, compared to the conventional structure. Fur-
ther, the structure of the subpixels of the first exemplary
embodiment can minimize defect rate by decreasing the num-
ber of processes and the number of fine metal masks.

[0070] The reason why the chamber process and the mask
process can be reduced as in the first exemplary embodiment
of the present invention is because the thickness of reinforce-
ment interference in the microcavity is applied only to the
emission layer. Also, a mixed layer comprising a host material
is used as a deposition source unit used in an emission layer
chamber.
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[0074] where n denotes the refractive index of an organic
material, d denotes thickness (nm), m denotes the order of
phase waves=1, and A denotes desired central wave-
length=615.

[0075] In the test, three elements including A-1, A-2, and
A-3 were manufactured based on the above Equation. A
reflection electrode formed of a lamination of silver (Ag) of
1000 A and ITO of 100 A was used as the anode. An NPD
having high hole mobility was used as the first host material
Host A of the emission layer. A Be complex derivative having
high electron mobility was used as the second host material
Host B of the emission layer. An Ir complex derivative was
used as the dopant X. The materials and thicknesses of the
hole injection layers HIL, cathode, and protective layer CPL
were as shown in the following Table 1.

[0076] The following Table 1 show the structures, materi-
als, and deposition thicknesses of the A-1, A-2, and A-3
elements, the following Table 2-1 show the driving voltage in
volts (V), driving current in milliamperes (mA), driving cur-
rent density in Joules J (or milliamperes per square centimeter
(mA/cm?2)), light emission efficiency candela per ampere
(cd/A), luminance in candela per square meter (cd/m2),
power efficiency in lumens per watt (1 m/W_, and color
coordinates x,y of the elements of Table 1, and Table 2-2 show
the driving voltage V, driving current mA/cm?2, light emission
efficiency cd/A, power efficiency Im/W, color coordinates
x,y, and photonic efficiency (external quantum efficiency
(EQE) %) measured at 2200 nits (cd/m2).

[0077] FIG. 6 shows an energy level spectrum of the ele-
ments of Table 1, FIG. 7 is a graph showing the driving
voltage versus driving current for the elements of Table 1, and

[0071] Priorto conducting a test for anexpectationeffectof ~ FIG. 8 is a graph showing the light emission efficiency versus
the above-described structure of the first exemplary embodi- driving current for the elements of Table 1.
TABLE 1
EL structure
HIL chamber EML chamber Metal chamber  CPL chamber
HIL Host A Host A + Host B Host B Cathods CPL
Al HATCN —  HostA+B,dopamtX3%  — LiF(10)/ NPD
(50) (1:1_1100) Mg:Ag (650)
A2 (250  HostA+B,dopamX3%  — (9:1_140)
(1:1_1075)
A-3 — Host A + B, dopant X 3% (25)
(1:1_1075)
[0078] thickness in A in parentheses
TABLE 2-1
v mA I(mA/em?)  cd/A Im/'W cd/m? X y others
Al 52 09 10 172 104 1722 0.6595 03381
A2 50 09 10 240 152 2395 0.6585 03389
A3 37 09 10 197 169 1966 0.6583 03391
ment, a structure of Comparative Example similar to the TABLE 2-2
structure of the first exemplary embodiment was manufac-
tured, and a test was conducted thereon. measured at 2200 nits
Vo mAem2 od/A /W X y EQE(%)
[0072] Inthe test, the optical thickness ofthe emission layer
was set such that the light emission efficiency is highestat 615 A1 55 133 16.6 95 0659 0338 1238
nm. The equation used herein is as follows: A2 50 9:3 232 147 0659 0339 177
A3 37 124 177 149 0658 0339 134

[0073] Thickness of reinforcement interference in micro-
cavity: 2nd=mA
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5
[0079] The structures of Table 1 comprise a structure in deposited at 25 A between the cathode and the emission layer.
which one of two types of materials including the first and However, the structures of Comparative Example showed
second host materials is deposited within one light emission ~ poor life-spans in both cases (see FIGS. 6 to 8).
layer/emissive layer (EML) chamber. [0084] For another test, the structure of the mixed layer
[0080] In Table 1, the emission layer structure of A-1 uses positioned between the first host layer (Host A) and the sec-
only the mixed layer (Host A+Host B and dopant X), the ond host layer (Host B) was varied. The materials of the first
emission layer structure of A-2 uses only the first host layer ~ host material (Host A), second host material (Host B), and
(Host A) and the mixed layer (Host A+Host B and dopant X), dopant X of the emission layer were identical to those used in
and the emission layer structure of A-3 uses only the mixed  the test of Table 1. The materials and thicknesses of the hole
layer (Host A+Host B and dopant X) and the second host layer injection layer HIL, cathode, and protective layer CPL were
(Host B). also identical to those used in the test of Table 1.
[0081] In the above test, no HTL chamber and no ETL [0085] Table 3 show the structures, materials, and deposi-
chamber were used, but only the EML chamber was used to tion thicknesses of B-1, B-2, C-1, C-2, C-3, C-4, C-5, D-1,
deposit the first host material and the second host material at D-2, and D-3 elements, the following Table 4-1 show the
hole and electron transport positions at 50 A (25 A for each). driving voltage V, driving current mA, driving current density
[0082] Table 2-1 shows the results of Table 1. Table 2-2 J(mA/cm2), light emission efficiency cd/A, luminance
shows the results of measurement at 10 mA/cm?2 and 2,200 cd/m2, power efficiency Im/W, and color coordinates x,y of
nits (luminance generally required at full white for a 3-inch ~ the elements of Table 3, and Table 4-2 show the driving
panel). voltage V, driving current mA/cm2, light emission efficiency
[0083] According to the test results, the structures of Com- cd/A, power efficiency Im/W, color coordinates x,y, and pho-
parative Example were advantageous in terms of current effi- tonic efficiency EQE(%) measured at 2200 nits.
ciency when the first host material (Host A) having good hole [0086] FIG. 9 shows an EL spectrum of the elements of
transportability was deposited at 25 A between the hole injec- Table 3, FIG. 10 shows the driving voltage versus driving
tion layer HIL and the emission layer EML, and advanta- current for the elements of Table 3, and FIG. 11 shows the
geous in terms of driving voltage when the second host mate- light emission efficiency versus driving current for the ele-
rial (Host B) having good electron transportability was ments of Table 3.
TABLE 3
thickness in A in parentheses
EL structure
HIL chamber EML chamber Metal chamber ~ CPL chamber
HIL Host A Host A + Host B Host B Cathode CPL
Bl HATCN  (25) Host B, dopant X 3% (25) LiF(10)/ NPD
(50) (1_1050) Mg:Ag (650)
B2 (25) Host A, dopant X 3% (25) (9:1_140)
(1_1050)
Cl1 {25)  HostA+B,dopamX3%  (25)
(3:1_1050)
C2 {25)  HostA+B,dopamX3%  (25)
(2:1_1050)
C3 {25)  HostA+B,dopamX3%  (25)
(1:1_1030)
C4 (25)  HostA+B,dopamrX3%  (25)
(1:2_1030)
cs (25)  HostA+B,dopamrX3%  (25)
(1:3_1030)
D1 (25)  HostA+B,dopamX 6%  (25)
(1:1_1030)
D2 (25)  HostA+B,dopamX 9%  (25)
(1:1_1030)
D3 (25)  HostA+B,dopamX 1%  (25)

(1:1_1050)
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the mixing ratio of the first and second host materials of the
mixed layer (Host A+Host B and dopant X) was 1:1. Espe-
cially, the emission layer structures showed highest efficiency
when the mixing ratio of the first and second host materials
constituting the mixed layer (Host A+Host B and dopant X)
was 1:1 and the doping concentration of the dopant was 1%.
A comparison will be made below between the con-
ventional structure ((a) of FIG. 5) and the test example D-3
(hereinafter, first exemplary embodiment) of Table 3 that
showed highest efficiency.

The following Table 5 show the structures, materi-
als, and deposition thicknesses of the conventional structure
and the element of the first exemplary embodiment, and the
following Table 6 show the driving voltage V, driving current
mA, driving current density J(mA/cm2), light emission effi-

6
TABLE 4-1
V. mA ImAlm?) cd/A Im'W cd/im? X y others
B-1 3.6 09 10 9.6 83 9552 0.6738 03231
B2 29 09 10 011 0.1 1098 0.6719 0.3097
C-1 35 09 10 16.6 14.8 1655  0.6680 0.3282
c2 3.6 09 10 212 1842119 0.6679 03288
C3 39 09 10 277 2262767 0.6672 03301
C-4 41 09 10 223 1692231 0.6648 0332
C-5 42 09 10 94 7.1 938  0.6662 03311
D-1 39 09 10 270 21.82695  0.6663 03307
D-2 35 09 10 222 1972222 0.6702 03273
D-3 3709 10 343 20.03425  0.6517 03455
TABLE 4-2
measured at 2200 nits
Volt mA/ecm2  cd/A Im/W X y EQE (%)
B-1 3.9 23.9 9.2 74 0.673 0.324 11.0
B-2 11.2 1991.9 02 01 0334 0153 0.4
C-1 3.5 135 163 145 0669  0.329 15.8 [0090]
C-2 3.5 10,7 205 183 0.668  0.329 19.3
C-3 3.6 7.6 289 253 0.667 0.330 26.3
C-4 3.8 9.3 23.6 193 0.665 0.332 20.6
C-5 4.3 174 126 92 0666 0.331 113
D-1 35 78 280 250 0667 0331 247 [0091]
D-2 3.5 0.6 208 189 0.670  0.327 19.6
D-3 34 6.2 355 328 0.652  0.345 24.7
[0087] The structures of Table 3 comprise a non-mixed-

layer structure in which one of two types of materials includ-
ing the first and second host materials is deposited within one
EML chamber and a mixed structure in which the two types of
materials including the first and second host materials are

ciency cd/A, luminance cd/m2, power efficiency Im/W, and
color coordinates x,y of the element of Table 5.

[0092] FIG. 12 is a graph showing the life-spans of the
conventional structure and the structures of the first exem-
plary embodiment.

TABLE 5
EL structure
HIL chamber HTL chamber R'HTL chamber R EML chamber ETL chamber  Metal chamber ~CPL chamber
HIL HTL1 HTL2 Host B ETL Cathode CPL
Ref HATCN NPD TPD Host + dopant X Alg3 LiF(10)/ NPD
(50) (1200) (750) (450) (360) Mg:Ag (650)
D-3 — — Host A + B dopant X — (9:1_140)
(1100)
deposited therebetween. In all of the structures of Table 3, a TABLE 6
non-mixed layer or mixed layer is included between the first
2
host layer (Host A) and the second host layer (Host B), and the Vo JmAlm’)  ol/A /W odm’ x y  others
mixing ratio of the mixed layer and the doping concentration Ref. 48 5 404 976 0653 0345 247 2200 nit
of the dopant were varied. D3 34 6.2 355 328 0.652 0345 247 2200nit
[0088] In Table 3, the emission layer structures of B-1 and
B-2 used the non-mixed layer (Host B or Host A and dopant [0093] As can be seen from Table 5 and Table 6, the struc-

X), the emission layer structures of C-1 to C-5 use the mixed
layer (Host A+Host B and dopant X), and the emission layer
structures of D-1 to D-3 use the mixed layer (Host A+Host B
and dopant X) and differ in mixing ratio and doping concen-
tration. Here, C-1 to C-5 and D-1 to D-3 correspond to the
structures of the first exemplary embodiment of the present
invention.

[0089] According to the test results, the emission layer
structures showed high efficiency when the mixed layer (Host
A+Host B and dopant X) was used, as compared to when the
non-mixed layer (Host B or Host A and dopant X)) was used.
The emission layer structures showed high efficiency when

ture D-3 of the first exemplary embodiment showed lower
efficiency than the conventional structure Ref, but achieved
lower driving voltage. Accordingly, the structure D-3 of the
first exemplary embodiment showed improvement by 18% in
terms of power efficiency, compared to the conventional
structure Ref. Also, as shown in FIG. 12, D-1 to D-3, among
the structures of the first exemplary embodiment, were 2 to 3
times superior than the conventional structure Refin terms of
life-span.

[0094] As can be seen through the above test examples,
better light emission efficiency, power efficiency, and life-
span are observed when the thickness of the mixed layer
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(Host A+Host B and dopant X) is larger than the total thick-
ness of the first host layer (Host A) and the second host layer
(Host B). The thicknesses of the mixed layer (Host A+Host B
and dopant X), the first host layer (Host A), and the second
host layer (Host B) may be varied depending on the deposi-
tion length and/or deposition rate of the deposition source
unit for depositing a given material, which will be discussed
in the manufacturing method to be described later.

[0095] In the structures of the first exemplary embodiment,
the cathode may be an electrode of LiF:X/X:Ag, where X is
none, a metal, or an inorganic material. The metal, as used
herein, refers to a metal having a low work function, such as
Mg, Yb, Li, and Ca. The thickness of a Lif-containing part of
the cathode may range between 10 A and 50 A, and the
thickness of an Ag-containing part of the cathode may range
between 20 A and 400 A, and the ratio between both parts
may range 1:10to 10:1.

[0096] The thickness of the emission layer may be set with
respect to the PL max peak of the dopant under the following
conditions. The thickness of the emission layer may be varied
depending on the value d.

[0097] Thickness of reinforcement interference in micro-
cavity: 2nd=mA

[0098] where n denotes the refractive index of an organic
material, d denotes thickness (nm), m denotes the order of
phase waves=1, and A denotes desired central wavelength=
(B=440~470, G=550~550, R=600~630).

[0099] From the above-set value d, the thickness of the
emission layer may be obtained by d—(total thickness of hole
injection layer and anode), and may have the range of £30 nm.
The present invention is not limited thereto because this range
may be varied depending on the materials of the elements.
[0100] For reference, the first host material, second host
material, and dopant material used in the above test and the
HOMO, LUMO, and energy gap (E gap) thereof are as shown
in the following Table 7.

TABLE 7

test material HOMO LUMO Egap others

Host 1 NPD -5.5 -2.5 3 Host A
Host 2 Be complex derivative -5.8 -3 2.8 HostB
dopant X Tr complex derivative -5.1 -3.1 2 Dopant

where the first host material (Host A) may be a material
having a HOMO level ranging from -5.0 to -5.5 eV, and the
second host material (Host B) may be a material having a
LUMO level of greater than or equal to -3 eV.

[0101] Hereinafter, modifications of the first exemplary
embodiment will be described.

[0102] FIG. 13 shows a first modification of the first exem-
plary embodiment, FIG. 14 shows a second modification of
the first exemplary embodiment, and FIG. 15 shows a third
modification of the first exemplary embodiment.

[0103] Inthe firstto third modifications, the structure of the
emission layer 135 is formed in the same way as the above-
described first exemplary embodiment. That is, the first host
layer, mixed layer, and second host layer constituting the
emission layer 135 each differ in thickness among the RGB
subpixels, like one of the patterns of the first illustration of
FIG. 2, second illustration of FIG. 3, and third illustration of
FIG. 4.

[0104] The first host material constituting the first host
layer and the second host material constituting the second
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host layer are different from each other. For example, the first
host material is a hole-type material having a higher hole
transportability than the second host material has, and the
second host material is an electron-type material having a
higher electron transportability than the first host material
has.

[0105] As shown in FIG. 13, the first modification has a
structure in which the hole injection layer HIL is omitted.
Accordingly, the RGB subpixels of the first modification have
astructure consisting of the lower electrode 120, the emission
layer 135, the upper electrode 140, and the protective layer
150. In the first modification, a hole-type material having
good hole injection and transport properties and an electron-
type material having good electron injection and transport
properties are used to form the first host layer and the second
host layer.

[0106] As shown in FIG. 14, the second modification has a
structure in which the hole injection layer HIL and the hole
transport layer HTL are added. Accordingly, the RGB sub-
pixels of the second modification have a structure consisting
of the lower electrode 120, the hole injection layer 131, the
hole transport layer 132, the emission layer 135, the upper
electrode 140, and the protective layer 150.

[0107] As shown in FIG. 15, the third modification has a
structure in which the hole injection layer HIL and the elec-
tron transport layer ETL are added. Accordingly, the RGB
subpixels of the third modification have a structure consisting
of the lower electrode 120, the hole injection layer 131, the
emission layer 135, theelectron transport layer 137, the upper
electrode 140, and the protective layer 150.

[0108] As in the first to third modifications, one or more
may be selected from the hole injection layer 131, the hole
transport layer 132, and the electron transport layer 137 to
comprise functional layers for the RGB subpixels. Non-se-
lected layers may be omitted (or eliminated) from the func-
tional layers constituting the RGB subpixels to achieve a
simplified structure.

[0109] Thereasonwhy the functional layers included in the
RGB subpixels can be omitted as in the first to third modifi-
cations is because the first host layer and the second host layer
are formed of a hole-type material and an electron-type mate-
rial, respectively.

[0110] Although the first to third modifications illustrate
only the hole injection layer 131, the hole transport layer 132,
and the electron transport layer 137 as an example of the
fanctional layers, the hole injection layer may be further
included.

[0111] The structures of the first exemplary embodiment
and modifications focus on an example in which the subpixels
comprise RGB subpixels emitting red, green, and blue light.
However, the present invention is not limited by the structures
of the first exemplary embodiment and modifications, but is
applicable to the following structure.

Second Exemplary Embodiment

[0112] FIG. 16 is a view showing the structure of a subpixel
according to a second exemplary embodiment of the present
invention.

[0113] AsshowninFIG. 16, the second exemplary embodi-
ment of the present invention is also applied to a subpixel
having a stack structure of at least two emission layers. The
subpixel having the stack structure may emit white light using
two emission layers, and also may emit light of different
colors.
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[0114] The subpixel having the stack structure according to
the second exemplary embodiment of the present invention
comprises a lower electrode 120, first and second emission
layers EML1 and EML2 135¢ and 1355, a functional layer
131, an intermediate layer 136, an upper electrode 140, and a
protective layer 150. The protective layer 150 may be omitted
depending on the structure. The second exemplary embodi-
ment will be described on an example in which the lower
electrode 120 acts as an anode and the upper electrode 140
acts as a cathode. Also, a description will be made on an
example in which the upper electrode 140 acting as a cathode
also functions as an electron injection layer EIL.

[0115] According to the second exemplary embodiment of
the present invention, one or two of the first and second
emission layers 135a and 1355 comprise a first host layer, a
mixed layer, and a second host layer, as in the first exemplary
embodiment. Also, at least one of the first host layer, mixed
layer, and second host layer constituting each of the first and
second emission layers 135a and 1354 has a different thick-
ness. A detailed description of which will be made with
reference to the first exemplary embodiment.

[0116] The functional layer HIL 131 serves to inject holes
into the first emission layer 1354. The functional layer 131
exists between the lower electrode 120 and the first emission
layer 1354, and acts as a hole injection layer HIL.

[0117] The intermediate layer 136 serves to control the
energy band gap for the interface between the first and second
emission layers 135a and 1355 and generate charges. The
intermediate layer 1364 and 1365 is divided into an N-type
first intermediate layer 136a (N-type charge generation layer
(CGL)) and a P-type second intermediate layer 1365 (P-type
CGL). That is, the first intermediate layer 136a and the sec-
ond intermediate layer 1365 are formed in different cham-
bers.

[0118] Meanwhile, the functional layer, for example, the
hole injection layer HIL, hole transport layer HTL, and elec-
tron transport layer ETL, is selectively formed depending on
the first host layer, mixed layer, and second host layer consti-
tuting the first and second emission layers 135a and 13564.
That is, the hole injection layer HIL, the hole transport layer
HTL, and the electron transport layer ETL may not be
formed, or at least one of them is omitted.

[0119] Hereinafter, modifications of the second exemplary
embodiment will be described.

[0120] FIG. 17 shows a first modification of the second
exemplary embodiment, FIG. 18 shows a second modifica-
tion of the second exemplary embodiment, and FIG. 19 shows
a third modification of the second exemplary embodiment.
[0121] As shown in FIG. 17, the first modification is also
applied to a subpixel having a stack structure of at least two
emission layers. The subpixel having the stack structure may
emit white light using two emission layers, and also may emit
light of different colors.

[0122] The subpixel having the stack structure according to
the first modification comprises a lower electrode 120, first
and second emission layers EML1 and EML2 135a and 1355,
an intermediate layer 136, an upper electrode 140, and a
protective layer 150. The protective layer 150 may be omitted
depending on the structure. The first modification also will be
described on an example in which the lower electrode 120
acts as an anode and the upper electrode 140 acts as a cathode.
Also, a description will be made on an example in which the
upper electrode 140 acting as a cathode also functions as an
electron injection layer EIL.
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[0123] According to the first modification, one or two of the
first and second emission layers 135a and 1355 likewise
comprise a first host layer, a mixed layer, and a second host
layer, as in the first exemplary embodiment. Also, at least one
of the first host layer, mixed layer, and second host layer
constituting each of the first and second emission layers 1354
and 1355 has a different thickness. A detailed description of
which will be made with reference to the first exemplary
embodiment.

[0124] The intermediate layer CLGs 136 serves to control
the energy band gap for the interface between the first and
second emission layers 1354 and 1355 and generate charges.
However, the intermediate layer 136 according to the first
modification is not divided into an N-type first intermediate
layer and a P-type second intermediate layer, but instead
formed as a single layer. That is, the intermediate layer 136 is
formed in an integrated manner in a single chamber.

[0125] Moreover, all the functional layers are omitted in the
stack structure according to the first modification, unlike the
second exemplary embodiment. That is, all the functional
layers are omitted and do not exist.

[0126] AsshowninFIG. 18, the second modification is also
applied to a subpixel having a stack structure of at least two
emission layers. The subpixel having the stack structure may
emit white light using two emission layers, and also may emit
light of different colors.

[0127] The subpixel having the stack structure according to
the second modification comprises a lower electrode 120, first
and second emission layers EML1 and EML2 135a and 1355,
functional layers 1314 and 1315, an intermediate layer 136,
an upper electrode 140, and a protective layer 150. The pro-
tective layer 150 may be omitted depending on the structure.
The second modification also will be described on an example
in which the lower electrode 120 acts as an anode and the
upper electrode 140 acts as a cathode. Also, a description will
be made on an example in which the upper electrode 140
acting as a cathode also functions as an electron injection
layer EIL.

[0128] According to the second modification, one or two of
the first and second emission layers 135 and 1355 likewise
comprise a first host layer, a mixed layer, and a second host
layer, as in the first exemplary embodiment. Also, at least one
of the first host layer, mixed layer, and second host layer
constituting each of the first and second emission layers 1354
and 13556 has a different thickness. A detailed description of
which will be made with reference to the first exemplary
embodiment.

[0129] The intermediate layer CLGs 136 serves to control
the energy band gap for the interface between the first and
second emission layers 1354 and 1355 and generate charges.
However, the intermediate layer 136 according to the second
modification is not divided into an N-type first intermediate
layer and a P-type second intermediate layer, but instead
formed as a single layer. That is, the intermediate layer 136 is
formed in an integrated manner in a single chamber.

[0130] Moreover, the two functional layers 131a and 1315
exist in the stack structure according to the second modifica-
tion, unlike the second exemplary embodiment. The first
functional layer 1314 exists between the lower electrode 120
and the first emission layer 1354, and the second functional
layer 1315 exists between the intermediate layer 136 and the
second emission layer 1354. The first and second functional
layers 131a and 1315 act as the hole injection layer HIL or the
hole transport layer HTL. Here, the first and second function
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layers 131a and 1315 may be replaced with other functional
layers depending on the characteristics of the materials of
which the first host layer and the second host layer are made.
[0131] As shown in FIG. 19, the third modification is also
applied to a subpixel having a stack structure of at least two
emission layers. The subpixel having the stack structure may
emit white light using two emission layers, and also may emit
light of different colors.

[0132] The subpixel having the stack structure according to
the third modification comprises a lower electrode 120, first
and second emission layers EML1 and EML2 1354 and 1355,
functional layers 137a and 137, an intermediate layer 136,
an upper electrode 140, and a protective layer 150. The pro-
tective layer 150 may be omitted depending on the structure.
The third modification also will be described on an example
in which the lower electrode 120 acts as an anode and the
upper electrode 140 acts as a cathode. Also, a description will
be made on an example in which the upper electrode 140
acting as a cathode also functions as an electron injection
layer EIL.

[0133] According to the third modification, one or two of
the first and second emission layers 135a and 1355 likewise
comprise a first host layer, a mixed layer, and a second host
layer, as in the first exemplary embodiment. Also, at least one
of the first host layer, mixed layer, and second host layer
constituting each of the first and second emission layers 135a
and 1355 has a different thickness. A detailed description of
which will be made with reference to the first exemplary
embodiment.

[0134] The intermediate layer CLGs 136 serves to control
the energy band gap for the interface between the first and
second emission layers 1354 and 1355 and generate charges.
However, the intermediate layer 136 according to the third
modification is not divided into an N-type first intermediate
layer and a P-type second intermediate layer, but instead
formed as a single layer. That is, the intermediate layer 136 is
formed in an integrated manner in a single chamber.

[0135] Moreover, the two functional layers 137a and 1375
exist in the stack structure according to the third modification,
unlike the second exemplary embodiment. The first func-
tional layer 137a exists between the first emission layer 135a
and the intermediate layer 136, and the second functional
layer 1375 exists between the second emission layer 1355 and
the upper electrode 140. The first and second functional lay-
ers 137a and 1375 act as the electron transport layer ETL.
Here, the first and second function layers 1374 and 1375 may
be likewise replaced with other functional layers depending
on the characteristics of the materials of which the first host
layer and the second host layer are made.

[0136] The second exemplary embodiment and the modi-
fications of the second exemplary embodiment have been
described regarding only the four structures, with respect to
an example in which only specific functional layers exist.
However, the functional layers may comprise at least one of
the following: the hole injection layer HIL, the hole transport
layer HTL. the electron blocking layer EBL, the hole block-
ing layer HBL, the electron transport layer ETL, and the
electron injection layer FIL. Also, all the layers included in
the functional layers may be omitted, or one or more of them
may exist, depending on the materials of which the first host
layer and the second host layer are made.

[0137] Namely, it goes without saying that the structure of
the emission layer according to the second exemplary
embodiment of the present invention may be formed and
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applied to other stack structures (not shown), as well as to the
stack structures of FIGS. 16 to 19, in the same manner as the
first exemplary embodiment.

[0138] The present invention is not limited to the structures
of the first and second exemplary embodiments, but is appli-
cable to the following structure.

Third Exemplary Embodiment

[0139] FIG. 20 is a view showing the structure of subpixels
according to a third exemplary embodiment of the present
invention.

[0140] As shown in FIG. 20, the third exemplary embodi-
ment is also applicable to a structure having a color conver-
sion layer 180 for converting white light of white subpixels
into red R, green G, and blue B.

[0141] The third exemplary embodiment is similar to the
first exemplary embodiment, except that all the subpixels
comprise white subpixels, and the color conversion layer 180
for converting white light into red R, green G, and blue B is
added.

[0142] According to the third exemplary embodiment of
the present invention, an emission layer 135 emitting white
light comprises a first host layer, a mixed layer, and a second
host layer, like the first exemplary embodiment. At least one
of the layers constituting the emission layer 135 has a differ-
ent thickness corresponding to a color obtained through con-
version by the color conversion layer 180. For example, the
thicknesses of the layers constituting the emission layer 135
are in the order of the emission layer 135 corresponding to an
R color conversion layer 180 >the emission layer 135 corre-
sponding to a G color conversion layer 180 >the emission
layer 135 corresponding to a B color conversion layer 180.
[0143] The third exemplary embodiment has been
described with respect to an example in which the color
conversion layer 180 is positioned between a substrate 110
and a lower electrode 120. However, the color conversion
layer 180 may be positioned between an upper electrode 140
and a protective layer 150, or on top of the protective layer
150, or on an inner surface of a protective substrate to be
sealed, together with the substrate 110.

[0144] Hereinafter, a manufacturing method for forming
the structure of subpixels according to exemplary embodi-
ments of the present invention will be described.

Fourth Exemplary Embodiment

[0145] FIG. 21 is a cross-sectional view of a source depo-
sition unit according to a fourth exemplary embodiment of the
present invention. FIGS. 22 and 23 are views for explaining a
process method for the source deposition method. FIG. 24 is
a side view exemplifying the layout of the source deposition
unit. FIGS. 25 to 27 are flowcharts for explaining a manufac-
turing method according to the fourth exemplary embodi-
ment of the present invention.

[0146] As shown in FIG. 21, in the fourth exemplary
embodiment of the present invention, an emission layer is
formed using a chamber comprising a source deposition unit
provided with first and second host sources HAP and HBP
respectively containing first and second host materials and a
dopant source DP containing a dopant material.

[0147] As shown in (a) of FIG. 21, the source deposition
unit may have rectangular (or square) second and first host
sources HBP and HAP respectively provided at the left and
right sides and a rectangular (or square) dopant source DP
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provided at the center between the second and first host
sources HBP and HAP. Only one dopant source DP is pro-
vided in this structure.

[0148] As shown in (b) of FIG. 21, the source deposition
unit may have rectangular (or square) second and first host
sources HBP and HAP respectively provided at the left and
right sides and round (or pointed) dopant sources DP pro-
vided above and below a central area neighboring the second
and first host sources HBP and HAP. Two dopant sources DP
are provided in this structure.

[0149] As shown in (c) of FIG. 21, the source deposition
unit may have rectangular (or square) second and first host
sources HBP and HAP respectively provided at the left and
right sides and a round (or pointed) dopant source DP pro-
vided at the center between the second and first host sources
HBP and HAP. Only one dopant source DP is provided in this
structure.

[0150] As shown in (d) of FIG. 21, the source deposition
unit may have a pair of rectangular (or square) second host
sources HBP and a pair of first host sources HAP respectively
provided at the left and right sides and round (or pointed)
dopant sources DP provided in a central area so as to respec-
tively correspond to the pairs of the second and first host
sources HBP and HAP. Two second host sources HBP, two
first host sources HAP, and two dopant sources DP are pro-
vided in this structure.

[0151] As shown in (e) of FIG. 21, the source deposition
unit may have a pair of rectangular (or square) second host
sources HBP and a pair of first host sources HAP respectively
provided at the left and right sides and round (or pointed)
dopant sources DP provided above and below a central area so
as to respectively correspond to the pairs of the second and
first host sources HBP and HAP. Two second host sources
HBP, two first host sources HAP, and two dopant sources DP
are provided in this structure.

[0152] As shown in (f) of FIG. 21, the source deposition
unit may have a pair of rectangular (or square) second host
sources HBP and a pair of first host sources HAP respectively
provided at the left and right sides and a rectangular (or
square) dopant source DP provided at the center between the
pairs of the second and first host sources HBP and HAP. Two
second host sources HBP, two first host sources HAP, and
only one dopant source DP are provided in this structure.
[0153] The dopant source DP and the second and first host
sources HBP and HAP constituting the source deposition unit
are not limited to the above-described shapes, but may have a
variety of shapes. If the dopant source DP and the second and
first host sources HBP and HAP constituting the source depo-
sition unit are in a round (or pointed) shape, the number of
them can be increased.

[0154] Hereinafter, a deposition method using a source
deposition unit will be described.

[0155] As shown in FIG. 22, a source deposition unit 190
may be provided to deposit a first host material, a second host
material, and a dopant material while moving as if'it scans a
substrate 110. At this point, the source deposition unit 190 can
move in the X2 direction as if scanning toward the substrate
110. The source deposition unit 190 has a size (in other words,
deposition area) large enough to cover first and second host
sources HAP and HBP and a dopant source DP. That is, the
source deposition unit 190 may move in the Y direction and
scan in the opposite direction, if necessary.

[0156] As shown in FIG. 23, the source deposition unit 190
may be fixed, and the substrate 110 may be provided to
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deposit the first host material, the second host material, and
the dopant material while moving as if it scans the source
deposition unit 190. At this point, the substrate 110 can move
in the X1 direction as if scanning toward the source deposi-
tion unit 190. The substrate 110 has a size (in other words,
deposition area) large enough to cover the first and second
host sources HAP and HBP and the dopant source DP. That is,
the substrate 110 may move in the Y direction and scan in the
opposite direction, if necessary.

[0157] As shown in (a) of FIG. 24, the first and second host
sources HAP and HBP may be disposed to be inclined with
respect to the dopant source DP, and a deposition film BP may
be further disposed to set a deposition range of the first and
second host sources HAP and HBP.

[0158] Asshownin (b) of FIG. 24, the first and second host
sources HAP and HBP may be disposed in parallel, and a
deposition film BP may be further disposed to set adeposition
range of the first and second host sources HAP and HBP
[0159] Although not shown in (a) and (b) of FIG. 24, a
deposition film may be further disposed to set a deposition
range of the dopant source DP.

[0160] Hereinafter, a method for manufacturing an organic
light emitting display device using the above-explained
source deposition unit will be described.

[0161] As shown in FIGS. 25 to 27, the method for manu-
facturing an organic light emitting display device according
to the fourth exemplary embodiment of the present invention
will be described below.

[0162] First of all, a thin film transistor portion comprising
a switching transistor, a driving transistor, and a capacitor is
formed on a substrate 110.

[0163] Next, a lower electrode 120 is formed to be con-
nected to a source or drain electrode of the driving transistor
included in the thin film transistor portion.

[0164] Next, a functional layer 131, e.g., a hole injection
layer, is formed on the lower electrode 120. The function
layer 131 may be omitted depending on the structure.
[0165] Next, a first host layer 135_A made of a first host
material is formed on the functional layer 131. As shown in
FIG. 25, in the forming of the first host layer 135_A, the
substrate 110 moves in the X1 direction as if scanning. There-
after, the substrate 110 enters a deposition range (first host
layer deposition area) of the first host source HAP at a certain
point in time. Then, the first host material evaporated from the
first host source HAP is firstly deposited, thereby forming
only the first host layer 135_A on the functional layer 131.
[0166] Next, a mixed layer 135_M made of the first host
material, a dopant material, and a second host material is
formed on the first host layer 135_A. As shown in FIG. 26, the
substrate 110 continues to move in the X1 direction as if
scanning. Thereafter, the substrate 110 enters a deposition
range (first host layer and mixed layer deposition area) of the
first host source HAP, dopant source DP, and second host
source HBP at a certain point in time. Then, the first host layer
135_A is formed on the functional layer 131. And, the first
host material, dopant material, and second host material
evaporated from the first host source HAP, dopant source DP,
and second host source HBP are mixed and deposited,
thereby forming the mixed layer 135_M on the firsthost layer
135_A. Thereafter, the substrate 110 enters a deposition
range (mixed layer and second host layer deposition area) of
the first host source HAP, dopant source DP, and second host
source HBP at a certain point in time. Then, the mixed layer
135_M is formed on the first host layer 135_A, and at the
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same time the substrate 110 continues to move in the X1
direction as if scanning. As a result, the second host layer
135_B made of the second host material is partially formed on
the mixed layer 135_M.

[0167] Next, the second host layer 135_B made of the sec-
ond host material is formed on the mixed layer 135_M. As
shown in FIG. 27, the substrate 110 continues to move in the
X1 direction as if scanning. Thereafter, the substrate 110
enters a deposition range (second host layer deposition range)
ofthe second host source HBP at a certain point in time. Then,
the second host material evaporated from the second host
source HBP is finally deposited, thereby forming the second
host layer 135_B on the mixed layer 135_M.

[0168] Next, as shown in FIG. 1, an upper electrode 140 is
formed on the second host layer 135_B. If necessary, a pro-
tective layer 150 is further formed, and a protective substrate
is provided to seal an element formed on the substrate 110.
[0169] When executing the process as described above, the
materials contained in the first and second host sources HAP
and HBP are controlled so that one of the first and second host
materials is made of a hole-type material and the other one is
made of an electron-type material. Moreover, the process
conditions of the source deposition unit 190 are controlled so
that at least one of the first host layer 135_A, mixed layer
135_M, and second host layer 135_B differs in thickness
among the subpixels. Further, the process conditions of the
source deposition unit 190 are controlled so that the elec-
trodes 120 and 140 positioned at the lower and upper sides
and the functional layer 131 each are equal in thickness
among the subpixels, and only the emission layer 135_A,
135_M, and 135_B differs in thickness among the subpixels.
[0170] The thicknesses ofthe first host layer 135_A, mixed
layer 135_M, and second host layer 135_B formed on the
substrate 110 are determined according to a deposition order,
in proportion to the deposition lengths of the first host source
HAP, dopant source DP, and second host source HBP pro-
vided on the source deposition unit. Also, the thicknesses of
the first host layer 135_A, mixed layer 135_M, and second
host layer 135_B are proportional to deposition rate. That is,
the thicknesses of the first host layer 135_A, mixed layer
135_M, and second host layer 135_B are determined depend-
ing on deposition length and deposition rate.

[0171] Inthe following, an example will be given assuming
that the ratio of the deposition lengths of the first host layer
135_A, mixed layer 135_M, and second host layer 135_B is
1:4:1, the deposition rate of the first host source HAPis 1 As,
and the deposition rate of the second host source HBPis 2 A/s.
As the mixing ratio of the first host layer 135_A and the
second host layer 135_B is 1:2, the thickness ratio of the first
host layer 135_A, mixed layer 135_M, and second host layer
135_B is determined as 1:6(1:2):2.

[0172] Moreover, when carrying out the process as
described above, the process conditions of the source depo-
sition unit 190 are controlled so that the first host material of
the mixed layer 135_M has 10 to 90 parts weight, the second
host material thereofhas 10 to 90 parts weight, and the dopant
material thereof has 0.1 to 20 parts weight. For the parts
weight of the first host material, second host material, and
dopant material constituting the mixed layer 135_M, you may
refer to the test examples.

[0173] As discussed above, the present invention makes
thickness control easy because it uses a small lamination
structure, compared to the conventional structure, prevents a
risein manufacturing costs by decreasing the amount of mate-
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rials used and thickness, and improves light emission effi-
ciency, power efficiency, and life-span. Further, the present
invention can minimize defect rate by decreasing the number
of processes and the number of fine metal masks.

What is claimed is:

1. An organic light emitting display device comprising:

a substrate; and

a plurality of subpixels formed on the substrate,

each of the subpixels comprising an emission layer com-

prising a first host layer made of a first host material, a
mixed layer made of the first host material, a dopant
material, and a second host material, and a second host
layer made of the second host material,

wherein the first host material and the second host material

are different from each other, and

wherein at least some light emission occurs in the mixed

layer.

2. The organic light emitting display device of claim 1,
wherein one of the first and second host materials is a hole-
type material, and the other one is an electron-type material.

3. The organic light emitting display device of claim 1,
wherein the electrodes positioned under and above the emis-
sion layer are equal in thickness among the subpixels.

4. The organic light emitting display device of claim 1,
wherein the emission layer differs in thickness among the
subpixels.

5. The organic light emitting display device of claim 1,
wherein each of the subpixels additionally comprises one or
more functional layers comprising at least one from the group
consisting of: a hole injection layer, a hole transport layer, an
electron blocking layer, a hole blocking layer, an electron
transport layer, and an electron injection layer.

6. The organic light emitting display device of claim 5,
wherein no light emission occurs in any of the functional
layers.

7. The organic light emitting display device of claim 1,
wherein the subpixels emit light of different colors on the
substrate and wherein the subpixels have different thick-
nesses.

8. The organic light emitting display device of claim 1,
wherein the subpixels each comprise at least two emission
layers,

one or two of the at least two emission layers comprise the

first host layer, the mixed layer, and the second host
layer, and

the subpixels each comprise a first emission layer, an inter-

mediate layer formed on the first emission layer, and a
second emission layer formed on the intermediate layer.

9. The organic light emitting display device of claim 1,
wherein at least one of the first host layer, the mixed layer, and
the second host layer differs in thickness among the subpix-
els.

10. A method for manufacturing an organic light emitting
display device, the method comprising:

forming a lower electrode on a substrate;

forming an emission layer comprising a first host layer

made of a first host material, a mixed layer made of the
first host material, a dopant material, and a second host
material, and a second host layer made of the second
host material; and

forming an upper electrode on the emission layer,

wherein to form of the emission layer, a source deposition

unit is used including a first and second host sources
containing the first and second host materials, respec-
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tively, and a dopant source containing the first and sec-
ond host materials and the dopant material, and

in the forming of the emission layer, deposition is per-

formed while the source deposition unit moves as if
scanning, or the source deposition unit is fixed and depo-
sition is performed while the substrate moves as if scan-
ning.

11. The method of claim 10, wherein one of the first and
second host materials is a hole-type material, and the other
one is an electron-type material.

12. The method of claim 10, wherein the first host material
of the mixed layer has 10 to 90 parts by weight, the second
host material has 10 to 90 parts by weight, and the dopant
material has 0.1 to 20 parts by weight.

13. The method of claim 10, wherein the electrodes posi-
tioned under and above the emission layer each are equal in
thickness among the subpixels.

14. The method of claim 10, wherein the emission layer
differs in thickness among the subpixels.

15. The method of claim 10, wherein the subpixels emit
light of different colors on the substrate and have different
thicknesses.

16. The method of claim 10, wherein the subpixels each
comprise at least two emission layers,

one or two of the at least two emission layers comprise the

first host layer, the mixed layer, and the second host
layer, and

the subpixels each comprise a first emission layer, an inter-

mediate layer formed on the first emission layer, and a
second emission layer formed on the intermediate layer.

17. An organic light emitting display device comprising:

a substrate; and

aplurality of subpixels formed on the substrate, each of the

subpixels comprising a mixed layer formed with a com-
bination of a first host material, a second host material,
and a dopant material, wherein a first, second, and third
of the subpixels each has a mixed layer of different
thickness from each other,

wherein the first host material and the second host material

are different from each other, and

wherein at least some light emission occurs in the mixed

layer.
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18. An organic light emitting display device comprising:

a substrate; and

at least one subpixel formed on the substrate, the subpixel

comprising a plurality of emission layers separated by
an intermediate layer, at least one of the emission layers
having a mixed layer formed with a combination of a
first host material, a second host material, and a dopant
material,

wherein the first host material and the second host material

are different from each other, and

wherein at least some light emission occurs in each mixed

layer.

19. The organic light emitting display device of claim 18,
wherein the intermediate layer is configured to generate
charges and to control an energy bandgap for an interface
between a first and a second of the mixed layers.

20. A method for manufacturing an organic light emitting
display device, the method comprising:

forming a lower electrode on a substrate;

changing a relative position between a source deposition

unit and a substrate;

depositing, using the source deposition unit, on the sub-

strate, an emission layer comprising a first host layer
made of a first host material, a mixed layer made of the
first host material, a dopant material, and a second host
material, and a second host layer made of the second
host material, wherein the emission layer is deposited in
a single pass of the source deposition unit relative to
substrate; and

forming an upper electrode on the emission layer.

21. The method of claim 20 wherein depositing the emis-
sion layer in a single pass comprises either:

translating the source deposition unit with respect to the

substrate while holding the substrate fixed,

translating the substrate with respect to the source deposi-

tion unit while holding the source deposition unit fixed,
or

translating the source deposition unit and the substrate

simultaneously.

22. The method of claim 20 wherein the source deposition
unit conprises a first and second host sources containing the
first and second host materials, respectively, and a dopant
source containing the first and second host materials and the
dopant material.
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