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Description
BACKGROUND OF THE INVENTION
Field of the Invention
[0001] The present invention relates to an organic light emitting diode (OLED) display device.
Description of the Related Art

[0002] Light efficiency for light emitting devices, particularly flat panel display devices such as OLED display devices,
is classified into internal efficiency and external efficiency. The internal efficiency depends on photoelectric conversion
efficiency of an organic light emitting material. In addition, the external efficiency, called light extraction efficiency, depends
on a refractive index of each layer constituting an organic light emitting diode. The organic light emitting diode exhibits
relatively lower light extraction efficiency, i.e., the external efficiency than other display devices such as cathode-ray
tubes or PDPs, and thus there is much room for improvement in characteristics of the display device such as brightness,
life span, etc.

[0003] The biggestreason that the conventional organic light emitting diode has a lower light extraction efficiency than
other display devices is because total reflection occurs at an interface between an ITO electrode layer having a high
refractive index and a substrate having a low refractive index when light is emitted through the organic layer at more
than a critical angle, thus preventing extraction of the light. Therefore, due to the total internal reflection at the interface
in the organic light emitting diode, only about a quarter of the light actually generated from an organic emission layer
can be extracted outside.

[0004] An example of a conventional OLED display device for preventing a decrease in light extraction efficiency is
disclosed in Japanese Patent Publication No. 63-314795. The OLED display device includes a substrate having a
projecting lens. However, because a single pixel has a very small area, itis difficult to form the projecting lens for collecting
light on the substrate.

[0005] To solve this problem of the OLED display device, an OLED display device having an optical microcavity is
disclosed in Japanese Patent Application Laid-open Nos. 8-250786, 8-213174 and 10-177896. The OLED display device
has a multi-layered semi-transparent mirror formed between a glass substrate and an ITO electrode, and the semi-
transparent mirror serves as an optical resonator together with a metal cathode also serving as a reflective plate. Here,
the semi-transparent mirror has a multi-layered structure by alternately stacking a TiO, layer having a high refractive
index and a SiO,, layer having a low refractive index, and an optical resonance is achieved by controlling reflections
between the layers. However, such an optical resonator requires as many layers for the semi-transparent mirror as
possible to improve refraction characteristics, and the number of layers and thickness of each of the layers have to be
accurately optimized to control the reflection at a specific wavelength. For this reason, a process for fabricating the OLED
display device may become complicated.

[0006] EP 1657 764 discloses a light-emitting device which includes a substrate, a light-emitting diode formed on the
substrate, and an optical resonance layer formed outside the light-emitting diode.

[0007] JP 2003077680 discloses an organic electroluminescent element provided by forming a substrate layer, a first
electrode, an organic layer, and a second electrode in order on a substrate. The substrate has a lower refractive index
than the substrate layer, and the first electrode has a higher refractive index than the substrate layer.

[0008] WO 2004/077519 discloses a dielectric barrier layer that includes a densified amorphous dielectric layer de-
posited on a substrate by pulsed-DC, substrate biased physical vapour deposition, wherein the densified amorphous
dielectric layer is a barrier layer.

SUMMARY OF THE INVENTION

[0009] The present invention sets out to provide an organic light emitting diode (OLED) display device which can
improve brightness and color coordinate characteristics in all emission wavelength ranges using a simple structure and
process and thus enhance light extraction efficiency and color reproducibility.

[0010] According to an embodiment of the present invention, an OLED display device includes a substrate, a first
electrode disposed on the substrate, an organic layer disposed on the first electrode and including an emission layer,
a second electrode disposed on the organic layer, and a first, second and third refraction layers. A stack of the first,
second and third refraction layers is disposed either between the first electrode and the substrate or on the second
electrode. A refractive index of the first refraction layer is smaller than a refractive index of the second refraction layer.
A thickness of the first refraction layer is no greater than 100 nm. The third refraction layer is either disposed between
the second refraction layer and the substrate, if the first and second refraction layers are disposed between the first
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electrode and the substrate, or disposed on the second refraction layer, if the first and second refraction layers are
disposed on the second electrode; wherein the third refraction layer has a refractive index that is the same as the
refractive index of the first refraction layer.

[0011] Futhermore, the thickness of the second refraction layer is between 150 nm and 350 nm.

[0012] The first electrode may be a transmissive electrode, and the second electrode may be a reflective electrode.
In this case, the first refraction layer is disposed between the first electrode and the substrate, and the second refraction
layer is disposed between the first refraction layer and the substrate.

[0013] The first electrode may be a reflective electrode, and the second electrode may be a transmissive electrode.
In this case, the first refraction layer is disposed on the second electrode, and the second refraction layer is disposed
on the first refraction layer.

[0014] The above and other features of the invention are set out in the appended claims.

[0015] According to another embodiment of the present invention, an OLED display device includes a substrate in-
cluding a plurality of unit pixel regions, a plurality of organic light emitting diodes disposed on the unit pixel regions of
the substrate, and a first and a second refraction layers. Each of the organic light emitting diodes includes afirst electrode,
a second electrode, and an organic layer disposed between the first and the second electrodes. The organic layer has
an emission layer. A stack of the first and second refraction layers is disposed either between the first electrode of each
of the organic light emitting diodes and the substrate or on the second electrode of each of the organic light emitting
diodes. A refractive index of the first refraction layer is smaller than a refractive index of the second refraction layer. A
thickness of the first refraction layer is no greater than 100 nm.

[0016] Additional aspects and/or advantages of the invention will be set forth in part in the description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] A more complete appreciation of the invention, and many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference to the following detailed description when considered
in conjunction with the accompanying drawings in which like reference symbols indicate the same or similar components,
wherein:

FIG. 1 is a cross-sectional view of an organic light emitting diode (OLED) display device according to a first example;
FIG. 2 is a cross-sectional view of an OLED display device according to a second example;
FIG. 3 is a cross-sectional view of an OLED display device according to a third example; and
FIG. 4 is a cross-sectional view of an OLED display device according to a example.
DETAILED DESCRIPTION OF THE INVENTION

[0018] Reference will now be made in detail to the examples illustrating the present invention, examples of which are
illustrated in the accompanying drawings, wherein like reference numerals refer to the like elements throughout. The
embodiments are described below in order to explain the present invention by referring to the figures.

[0019] FIG. 1is a cross-sectional view of an organic light emitting diode (OLED) display device according to a example.
In this example, the OLED display device is a bottom-emitting OLED display device which emits light toward a substrate.
[0020] ReferringtoFIG.1,asubstrate 100, a second refraction layer 101, and afirstrefraction layer 102 are sequentially
disposed, and an organic light emitting diode including a first electrode 103, an organic layer 104 having an emission
layer, and a second electrode 105 are disposed on the first refraction layer 102. A sealing member (not illustrated) may
be further included over the second electrode 105.

[0021] The substrate 100 is formed of a light-penetrating material. The substrate 100 may be formed of transparent
glass, or transparent polymer material, e.g., polymethylmethacrylate (PMMA), polyaniline (PANI) or polyethylene tereph-
thalate (PET).

[0022] Anamount of light emitted from the emission layer of the organic layer 104 is reflected at surfaces of the second
refraction layer 101, the first refraction layer 102, and the second electrode 105. Reflection between surfaces of these
layers induces optical resonance. Due to the optical resonance, the intensity of the light generated from the emission
layer is amplified through the optical resonance. The amplified light transmits out of the display device, and thus light
extraction efficiency improves.

[0023] In the present example, a refractive index n1 of the first refraction layer 102 is smaller than a refractive index
n2 of the second refraction layer 101. The first refraction layer 102 is formed not exceeding 100 nm. If the thickness of
the first refraction layer 102 is greater than 100 nm, there is almost no significant difference in light extraction efficiency
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and color reproducibility according to the change in thickness of the first refraction layer 102. Moreover, if the first
refraction layer 102 is thicker, it absorbs the light emitted from the emission layer, which can have an adverse effect on
light extraction. Accordingly, the first refraction layer 102 is preferably formed not exceeding 100 nm. The first refractive
layer 102 also protects the second refraction layer 101 disposed under the first refractive layer 102 during patterning of
the first electrode 103.

[0024] When the thickness of the first refraction layer 102 is 100 nm or less, the second refraction layer 101 may be
formed to a thickness not exceeding 350 nm. When the second refraction layer 101 has a thickness greater than 350
nm, the absorption of light in the second refraction layer 101 may increase. The second refraction layer 101 is formed
to a thickness of 150 nm to 350 nm, and more particularly, 180 nm to 200 nm. In this range, the light extraction efficiency
and the color reproducibility can be significantly increased as compared with other thickness ranges. In wavelengths
ranging from about 400 nm to 800 nm, which includes wavelengths for red, green and blue colors, the light extraction
efficiency and the color reproducibility increase even when the first and second refraction layers 102 and 101 are formed
to have the same thickness.

[0025] The first and second refraction layers 102 and 101 are formed of a transparent material. Specifically, the first
and second refraction layers 102 and 101 may be formed of niobium oxide (Nb,Og), tantalum oxide (Ta,Os), titanium
oxide (Ti,Os) silicon nitride (SixNy), silicon oxide (SiO,), antimony oxide (Sb,03), aluminum oxide (Al,O3), zirconium
oxide (ZrO,), magnesium oxide (MgO), hafnium dioxide (HfO,) or synthetic polymer. The materials are selectively mixed
to make the refractive index n1 of the first refraction layer 102 smaller than the refractive index n2 of the second refraction
layer 101. Here, the materials for the first and second refraction layers 102 and 101 can be selected to have n1 ranging
from 1.4 to less than 1.8 and to have n2 be 1.1 times of n1. In addition, n1 may be less than a refractive index of the
first electrode 103.

[0026] The first and second refraction layers 102 and 101 may be formed by a sol-gel, spin coating, spraying, roll
coating, ion beam deposition, electron beam deposition, laser ablation, chemical vapor deposition (CVD) or sputtering
method, and preferably by a sputtering method to ensure uniformity and stability in forming a large-sized layer.

[0027] Meanwhile, a third refraction layer, which is the same layer as the first refraction layer 102, may be further
disposed between the second refraction layer 101 and the substrate 100. Alternatively, a stacked structure of the first
and second refraction layers 102 and 101 or a stacked structure of the first refraction layer 102, the second refraction
layer 101 and the third refraction layer may be repeatedly formed.

[0028] Subsequently, the first electrode 103 is disposed on the first refractive layer 102, and serves as a transmissive
electrode, through which light is emitted. The first electrode 103 may function as an anode, and may be formed of indium
tin oxide (ITO), indium zinc oxide (IZ0), tin oxide (TO), zinc oxide (ZnO) or a transparent conductive material. Alternatively,
the first electrode 103 may function as a cathode, and may be formed as a thin layer through which light can pass. For
example, the first electrode 103 can be made of a material such as conductive metals having a low work function, e.g.,
magnesium (Mg), calcium (Ca), aluminum (Al), silver (Ag) or an alloy thereof.

[0029] The organic layer 104 includes an emission layer, and may further include at least one layer selected from: a
hole injection layer, a hole transport layer, an electrode injection layer, an electrode transport layer, a hole blocking layer
and an electron blocking layer.

[0030] The material for forming the emission layer is not particularly limited, and it may be formed of any material
selected from well-known host and dopant materials.

[0031] The host material includes 4,4’-N,N’-dicarbazole-biphenyl (CBP), bis-(2-methyl-8-quinolinato)-4-phenylpheno-
late aluminum (BAlq), 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline (BCP), N,N’-dicarbazolyl-1,4-dimethene-benzene
(DCB), rubrene, and 9,10-bis(2-naphthyl)antracene (AND). The dopant material includes 4,4’-bis(2,2’-diphenylvinyl)-
1,1’-biphenyl (DPVBI), distyrylamine derivatives, pyrene derivatives, perylene derivatives, distyrylbiphenyl (DSBP) de-
rivatives, 10-(1,3-benzothiazole-2-yl)-1,1,7,7-tetramethyl-2,3,6,7-tetrahydro-1H,5H,11H-pyrano(2,3-f)pyrido(3,2,1-
ij)quinoline-11-one (C545T), quinacridone derivatives, tris(2-phenylpyridine)iridium (Ir(PPy)3), PQlIr, Btp,lr(acac), 4-(di-
cyanomethlylene)-2-tert-buthyl-6-(1,1,7,7-tetramethyljulorydyl-9-enyl)-4H-pyrane (DCJTB), 4-(dicyanomethylene)-2-
methyl-6-(p-dimethylaminostyryl)-4H-pyrane (DCM), 2,3,7,8,12,13,17,18-oxtaethyl-21 H,23H-porphirne-platinum com-
plex (PtOEP), Ir(piq),(acac), RD3(Kodak) and EK8(Kodak).

[0032] The holeinjection layer may be formed of 4,4’ ,4"-tris(3-methylphenylamino)triphenylamino (m-MTDATA), 1,3,5-
trus[4-(3-methylphenylamino)phenyllbenzene (m-MTDATB), copper phthalocyanine (CuPc) or N,N’-di(4-(N,N’-diphenyl-
amino)phenyl)-N,N’-diphenylbenzine (DNTPD), and the hole transport layer may be formed of N,N’-diphenyl-N,N’-bis(3-
methylphenyl)-1,1’-biphenyl-4,4’-diamine (TPD), N,N’-di(naphthalene-1-yl)-N,N’-diphenyl benzidine (a-NPD), or 4,4'-
bis(1-naphthylphenylamino)biphenyl (NPB).

[0033] The electron blocking layer may be formed of BAlq, BCP, CF-X, 3-(4-t-butylphenyl)-4-phenyl-5-(4-biphenyl)-
1,2,4-triazole (TAZ) or spiro-TAZ, and the hole blocking layer 160 may be formed of 2-(4-biphenyl)-5-(4-tert-butylphenyl)-
1,3,4-oxydiazole (PBD), spiro-PBD or TAZ.

[0034] The electron transport layer may be formed of TAZ, PBD, spiro-PBD, Algs, BAlq or SAlg, and the electron
injection layer may be formed of LiF, a Ga complex, Liq or CsF.
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[0035] The organiclayer 104 may be formed by thermal vacuum deposition, vapor deposition, spin coating, dip coating,
doctor blading, inkjet printing or laser induced thermal imaging.

[0036] The second electrode 105 is formed as a reflective layer. The second electrode 105 may function as a cathode,
and may be formed as a thick layer to reflect light. The second electrode 105 may be formed of one material selected
from the group consisting of conductive metals having a low work function, e.g., Mg, Ca, Al, Ag and an alloy thereof.
Alternatively, the second electrode 105 may function as an anode, and may have a stacked structure having a reflective
layer, which is formed of Ag, Al, chromium (Cr), Molybdenum (Mo), tungsten (W), titanium (Ti), gold (Au), palladium (Pd)
or an alloy thereof, and a transparent layer, which is formed of ITO, IZO, TO or ZnO on the reflective layer.

[0037] FIG. 2 is a cross-sectional view of an OLED display device according to a second example. The OLED display
device is a top-emitting device, unlike the first example. Except particular descriptions below, descriptions of the display
device of the second example will refer to those of the first example.

[0038] Referring to FIG. 2, a first electrode 201 is disposed on a substrate 200. The first electrode 201 is formed as
a reflective electrode. An organic layer 202 having an emission layer is disposed on the first electrode 201. A second
electrode 203 is disposed on the organic layer 202. The second electrode 203 is formed as a transmissive electrode.
[0039] In the present example, since light is emitted through the second electrode 203, a first refraction layer 204 is
disposed on the second electrode 203, and a second refraction layer 205 is disposed on the first refraction layer 204.
Like the first embodiment, a refractive index n1 of the first refraction layer 204 is smaller than a refractive index n2 of
the second refraction layer 205, and the first refraction layer 204 is formed to a thickness not exceeding 100 nm.
Meanwhile, the second refraction layer 205 may be formed to a thickness not exceeding 350 nm, i.e. 150 nm to 350
nm, preferably 180 nm to 200 nm.

[0040] FIG. 3 is a cross-sectional view of an OLED display device according to a third example. The OLED display
device is an active matrix OLED display device including a thin film transistor electrically connected to a first electrode
formed on a substrate, and is a bottom-emitting device. Except particular descriptions below, descriptions of the OLED
display device of the third embodiment will refer to those of the first and second embodiments.

[0041] Referring to FIG. 3, a thin film transistor 306 including a semiconductor layer 301, a gate insulating layer 302,
a gate electrode 303, and source and drain electrodes 304 and 305 is disposed on a substrate 300. A passivation layer
307 may be disposed on the source and drain electrodes 304 and 305.

[0042] A secondrefractionlayer308is disposed onthe passivation layer 307, and afirst refraction layer 309 is disposed
on the second refraction layer 308.

[0043] Afirst electrode 310 is disposed on the first refraction layer 309, and electrically connected to one of the source
and drain electrodes 304 and 305 of the thin film transistor 306. The first electrode 310 is formed as a transmissive
electrode.

[0044] An organic layer 311 having an emission layer is disposed on the first electrode 310, and a second electrode
312 is disposed on the organic layer 311. The second electrode 312 is formed as a reflective electrode.

[0045] Meanwhile, inthe top-emitting active-matrix OLED display device, the first electrode 310 is formed as areflective
electrode, and the second electrode 312 is formed as a transmissive electrode. The first refraction layer 309 is disposed
over the second electrode 312, and the second refraction layer 308 is disposed on the first refraction layer 309. Alter-
natively, the first and second refraction layers 309 and the 308 may be disposed between the gate insulating layer 302
and the substrate 300.

[0046] FIG. 4 is a cross-sectional view of an OLED display device according to a fourth example. The OLED display
device is a full-color OLED display device having red, green and blue pixels, and is a bottom-emitting type. Except
particular descriptions below, descriptions of the OLED display device will refer to those of the above embodiments.
[0047] Referring to FIG. 4, a substrate 400 having red (R), green (G) and blue (B) unit pixel regions is disposed. A
second refraction layer 401 is disposed on the substrate 400, and a first refraction layer 402 is disposed on the second
refraction layer 401. Like the above embodiments, a refractive index n1 of the first refraction layer 402 is lower than a
refractive index n2 of the second refraction layer 401, and the first refraction layer 402 is formed to a thickness greater
than 0 and not exceeding 100 nm. Meanwhile, the second refraction layer 401 is formed to a thickness from 150 nm to
350 nm, preferably 180 nm to 200 nm. In this range, light extraction efficiency and color reproducibility can be significantly
increased as compared with other thickness ranges, and can also be increased even when the first and second refraction
layers 402 and 401 have the same thickness in a wavelength range of red, green and blue light, which is a wavelength
ranging from about 400 to 800nm. Therefore, the first and second refraction layers 402 and 401 do not need to be
separately formed in each pixel, and thus the fabrication process can be simple.

[0048] First electrodes 403R, 403G and 403B are disposed in respective unit pixel regions on the first refraction layer
402. The first electrodes 403R, 403G and 403B are transmissive electrodes. An insulating layer 404 defining pixel regions
is disposed between the first electrodes 403R, 403G and 403B.

[0049] Organic layers 405R, 405G and 405B having red, green and blue emission layers, respectively, are disposed
on the first electrodes 403R, 403G and 403B, respectively. The organic layers 405R, 405G and 405B may be formed
by vacuum deposition using a fine pitch mask, inkjet printing or laser induced thermal imaging. The organic layers 405R,
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405G and 405B may be formed to the same thickness. However, to maximize resonance effect, the organic layer in a
unit pixel region emitting light having a longer wavelength is preferably thicker than the organic layer in a unit pixel region
emitting light having a shorter wavelength.

[0050] Separators 406 may be disposed on the insulating layer 404. Second electrodes 407, each of which is isolated
by the separators 406, are disposed on the organic layers 405R, 405G and 405B. The second electrodes 407 are
reflective electrodes.

[0051] Meanwhile, in the top-emission active-matrix OLED display device, the first electrodes 403R, 403G and 403B
are formed as reflective electrodes, and the second electrodes 407 are formed as transmissive electrodes. In addition,
the first refraction layer 402 is disposed over the second electrode 407, and the second refraction layer 401 is disposed
on the first refraction layer 402.

[0052] Moreover, red, green and blue color filters 408R, 408G and 408B may be disposed in the respective unit pixel
regions between the substrate 400 and the second refraction layer 401. The color filters 408R, 408G and 408B can
further enhance color purity. A black matrix 409 may be disposed between the color filters.

[0053] Hereinafter, preferable experimental examples will be described to aid in understanding of the presentinvention.
However, it should be understood that the experimental examples described below are provided to aid in understanding
of the present invention, and not to limit the present invention.

Experimental examples 1 to 4

[0054] Sample OLED display devices were fabricated. Second refraction layers (Nb,Os, refractive index: 2.4) were
formed to thicknesses listed in Table 1 on respective glass substrates. A first refraction layer (SiO,, refractive index:
1.45) was formed to a thickness of 30 nm on the second refraction layer. A first electrode, which was made of ITO, was
formed to a thickness of 50 nm on the first refraction layer. A hole injection layer was formed to a thickness of 75 nm
using DNTPD on the first electrode, and a hole transport layer was formed to a thickness of 15 nm using NPB on the
hole injection layer. A blue emission layer was formed to a thickness of 25 nm using AND as a host and EK8 (Kodak)
as a dopant on the hole transport layer. Subsequently, an electron transport layer was formed to a thickness of 25 nm
using Alg; on the blue emission layer, and an electron injection layer was formed to a thickness of 5 nm using LiF on
the electron transport layer. A second electrode was formed to a thickness of 80 nm using Al on the electron injection layer.

Experimental examples 5 to 8

[0055] Except that a first refraction layer was formed to a thickness of 90 nm, other sample OLED display devices
were fabricated with the same conditions as in Experimental examples 1 to 4.

Comparative example 1

[0056] Compared with Experimental example 1, first and second refraction layers were not formed.

Comparative examples 2 to 5

[0057] Except that a first refraction layer was formed to a thickness of 120 nm, the samples were fabricated with the
same conditions as in Experimental examples 1 to 4.

[0058] Tables 1 and 2 show color coordinates and brightness of the OLED display devices fabricated for Experimental

examples 1to 4 and 5 to 8. Tables 3 and 4 show color coordinates and brightness of the OLED display devices fabricated
for Comparative examples 1 and 2 to 5.

Table 1
Thickness of Nb,Og (nm) X y Brightness
E. example 1 50 0.149 | 0.093 62.7
E. example 2 80 0.134 | 0.140 89.7
E. example 3 180 0.134 | 0.145 82.3
E. example 4 230 0.154 | 0.131 86.6
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Table 2
Thickness of Nb,O5 (nm) X y Brightness
E. example 5 50 0.124 | 0.141 96.5
E. example 6 80 0.125 | 0.209 120.2
E. example 7 180 0.127 | 0.179 111.1
E. example 8 230 0.137 | 0.142 96.6
Table 3
X Y Brightness
C.example1 | 0.145 | 0.202 112.5
Table 4
Thickness of Nb,Og (nm) X y Brightness
C. example 2 50 0.141 | 0.403 153.4
C. example 3 80 0.165 | 0.268 130.9
C. example 4 180 0.137 | 0.263 137.6
C. example 5 230 0.140 | 0.344 134.8

[0059] Referring to Tables 1 to 4, in Experimental examples 1 to 4 and 5 to 8, comparing the first refraction layers
having thicknesses of 30 nm and 90 nm, the brightness was slightly decreased at 30 nm, but the y value of the color
coordinates was significantly decreased compared to Comparative example 1, or there was no significant difference in
y value and the brightness was increased. For blue, although the brightness was slightly decreased, the color reproduc-
ibility was increased as the y value is decreased. Therefore, when the first refraction layer was formed to a thickness of
100 nm or less, the color reproducibility and the light extraction efficiency were increased. On the other hand, in Com-
parative examples 2 to 5, when the second refraction layer was formed to a thickness of 120 nm, the brightness was
increased, but the y value of the color coordinates was significantly increased compared to Comparative example 1.
Thus, the increase in y value has a bad influence on the color reproducibility in spite of the increase in brightness.

Experimental examples 9 to 20

[0060] Second refraction layers (Nb,Os, refractive index: 2.4) were formed to thicknesses listed in Table 5 on respective
glass substrates. A first refraction layer (SiO,, refractive index: 1.45) was formed to a thickness of 30 nm on the second
refraction layer. The first electrode was formed to a thickness of 50 nm using ITO on the first refraction layer. Hole
injection layers were formed to thicknesses of 145, 100 and 75 nm for red, green and blue pixels using DNTPD on the
first electrode, respectively. A hole transport layer was formed to a thickness of 15 nm using NPB on the hole injection
layers. A red emission layer was formed to a thickness of 45 nm using rubrene as a host and RD3 (Kodak) as a dopant,
a green emission layer was formed to a thickness of 45 nm using Alg; as a host and C545T as a dopant, and a blue
emission layer was formed to a thickness of 25 nm using AND as a host and EK8 (Kodak) as a dopant on the hole
transport layer. Subsequently, an electron transport layer was formed to a thickness of 25 nm using Algs on the emission
layers, and an electron injection layer was formed to a thickness of 5nm using LiF on the electron transport layer. A
second electrode was formed to a thickness of 80nm using Al on the electron injection layer.

Experimental examples 21 to 32

[0061] Exceptthat Ta,O5 having a refractive index of 2.1 as a second refraction layer was used, the experiments were
performed under the same conditions as in Experimental examples 9 to 20.



10

15

20

25

30

35

40

45

50

55

EP 2 131 411 B1
Experimental examples 33 to 44

[0062] Except that TiO, having a refractive index of 2.3 as a second refraction layer was used, the experiments were
performed under the same conditions as in Experimental examples 9 to 20.

Experimental examples 45 to 50

[0063] Except that SiN having a refractive index of 1.8 as a second refraction layer was formed to a thickness listed
in Table 8, the experiments were performed under the same conditions as in Experimental example 9.

Comparative example 6

[0064] Except that first and second refraction layers were not formed, the experiment was performed under the same
conditions as in Experimental example 9.

[0065] Tables 5 to 8 show color coordinates and brightness for red, green and blue light in the OLED display devices
according to Experimental examples 9 to 50. Table 9 shows color coordinates and brightness for red, green and blue
light in the OLED display device according to Comparative example 6.
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Table 9
red Green Blue
X Y Brightness X Y Brightness X Y Brightness
0.667 | 0.334 114.2 0.317 | 0.635 115.3 0.145 | 0.202 112.5

[0066] Referring to Tables 5 to 9, in Experimental examples 9 to 50, when the thickness of the first refraction layer
was fixed to 60 nm, and the thickness of the second refraction layer was changed within a range greater than 0 to not
exceeding 350 nm, the brightness of red and green light was increased in every range as compared with Comparative
example 6, and the brightness of blue light was decreased in y value of color coordinates or increased in brightness.
Particularly, when the second refraction layer was formed to a thickness of 20 to 100 nm or 150 to 350 nm, and preferably
50 to 80 nm or 180 to 200 nm, the increase in brightness was greater than that in other ranges of thickness. It is noted
that the experimental examples 9-13, 21-25, 33-37, 45 and 46 do not fall under the scope of the claimed invention.
[0067] As described above, when the first refraction layer, a low refraction layer, is formed to a thickness of 100 nm
or less, the light extraction efficiency and color reproducibility can be improved. In addition, when the second refraction
layer, a high refraction layer, is formed to a thickness of 150 to 350 nm, and more particularly 180 to 200 nm, an OLED
display device can have enhanced light extraction efficiency and color coordinates, and thus can have improved color
reproducibility with respect to red, green and blue light having a wavelength range from 400 to 800 nm.

[0068] According to the present invention, as thicknesses of first and second refraction layers disposed between an
electrode and a transparent substrate are controlled, an OLED display device can have improved brightness and color
coordinate characteristics in all emission wavelength ranges using a simple structure and process and thus enhanced
light extraction efficiency and color reproducibility.

Claims
1. An organic light emitting diode (OLED) display device, comprising:

a substrate (100, 200, 300, 400);

a first electrode (103, 201, 310, 403R, 403G, 403B) disposed on the substrate;

an organic layer (104, 202, 311, 405R, 405G, 405B) disposed on the first electrode (103, 201, 310, 403R, 403G,
403B) and including an emission layer;

a second electrode (105, 203, 312, 407) disposed on the organic layer (104, 202, 311, 405R, 405G, 405B);
first (102, 204, 309, 402) and a second (101, 205, 308, 201) refraction layer, disposed either between the first
electrode (103, 201, 310, 403R, 403G, 403B) and the substrate (100, 200, 300, 400) or on the second electrode
(105, 203, 312, 407); wherein a refractive index of the first refraction layer (102, 204, 309, 402) is smaller than
a refractive index of the second refraction layer (101, 205, 308, 201), and the first refraction layer (102, 204,
309, 402) has a thickness of 100 nm or less; and

a third refraction layer either disposed between the second refraction layer (101, 205, 308, 201) and the substrate
(100, 200, 300, 400), if the first (102, 204, 309, 402) and second (101, 205, 308, 201) refraction layers are
disposed between the first electrode (103, 201, 310, 403R, 403G, 403B) through which light is emitted and
the substrate (100, 200, 300, 400), or disposed on the second refraction layer (101, 205, 308, 201), if the first
(102, 204, 309, 402) and second (101, 205, 308, 201) refraction layers are disposed on the second electrode
(105, 203, 312, 407) through which light is emitted ; wherein the third refraction layer has a refractive index that
is the same as the refractive index of the first refraction layer (102, 204, 309, 402);

characterised in that the first refraction layer directly contacts the first electrode or the second electrode; and
wherein the thickness of the second refraction layer (101, 205, 308, 201) is from 150 nm to 350 nm.

2. An OLED display device according to claim 1, wherein the thickness of the second refraction layer (101, 205, 308,
201) is from 180 nm to 200 nm.

3. An OLED display device according to claim 1 or 2, wherein the refractive index of the second refraction layer (101,
205, 308,201) is greater than 1.1 times greater than the refractive index of the firstrefraction layer (102, 204, 309, 402).

4. An OLED display device according to any preceding claim, wherein: the first (102, 204, 309, 402) and second
refraction (101, 205, 308, 201) layers are disposed between the first electrode (103, 201, 310, 403R, 403G, 403B)
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and the substrate (100, 200, 300, 400), and the refractive index of the first refraction layer (102, 204, 309, 402) is
smaller than a refractive index of the first electrode (103, 201, 310, 403R, 403G, 403B); or the first (102, 204, 309,
402) and second (101, 205, 308, 201) refraction layers are disposed on the second electrode (105, 203, 312, 407),
and the refractive index of the first refraction layer (102, 204, 309, 402) is smaller than a refractive index of the
second electrode (101, 205, 308, 201).

An OLED display device according to any preceding claim, wherein the refractive index of the first refraction layer
(102, 204, 309, 402) is from 1.4 to 1.8.

An OLED display device according to any preceding, wherein each of the first (102, 204, 309, 402) and second
(105,203, 312,407) refraction layers includes niobium oxide (Nb,Og), tantalum oxide (Ta,O5), titanium oxide (Ti,Og),
silicon nitride (SiXNy), silicon oxide (SiO,), antimony oxide (Sb,03), aluminum oxide (Al,O3), zirconium oxide (ZrO,),
magnesium oxide (MgO), Hafnium oxide (HfO,) or synthetic polymer.

An OLED display device according to any preceding claim, wherein the first electrode (103, 201, 310, 403R, 403G,
403B) is a transmissive electrode, the second electrode (105, 203, 312, 407) is a reflective electrode, the first
refraction layer (102, 204, 309, 402) is disposed between the first electrode (103, 201, 310, 403R, 403G, 403B) and
the substrate (100, 200, 300, 400), and the second refraction layer (101, 205, 308, 201) is disposed between the
first refraction layer (102, 204, 309, 402) and the substrate (100, 200, 300, 400).

An OLED display device according to one of claims 1 to 6, wherein the first electrode (103, 201, 310, 403R, 403G,
403B) is a reflective electrode, the second electrode (105, 203, 312, 407) is a transmissive electrode, the first
refraction layer (102, 204, 309, 402) is disposed on the second electrode (105, 203, 312, 407), and the second
refraction layer (101, 205, 308, 201) is disposed on the first refraction layer (104, 202, 311, 405R, 405G, 405B).

An OLED display device according to any preceding claim:

wherein the substrate (100, 200, 300, 400) includes a plurality of unit pixel regions;

a plurality of organic light emitting diodes are disposed on the unit pixel regions of the substrate (100, 200, 300,
400); and the said first electrode (103, 201, 310, 403R, 403G, 403B), second electrode (105, 203, 312, 407),
organic layer and first (102, 204, 309, 402) and a second (101, 205, 308, 201) refraction layers, together at
least partially define one of the said organic light emitting diodes, each of the other said organic light emitting
diodes being correspondingly configured.

An OLED display device according to any preceding claim, wherein a thickness of the third refraction layer is the
same as the thickness of the first refraction layer (102, 204, 309, 402).

An OLED display device according to any preceding claim, wherein one organic layer emitting light having a longer
wavelength is thicker than another organic layer emitting light having a shorter wavelength.

An OLED display device according to any preceding claim, further comprising:
a color filter disposed between the second refraction layer (101, 205, 308, 201) and the substrate (100, 200,
300, 400), if the first (102, 204, 309, 402) and second (101, 205, 308, 201) refraction layers are disposed
between the first electrode (103, 201, 310, 403R, 403G, 403B) and the substrate (100, 200, 300, 400).

An OLED display device according to one of claims 1 to 12, further comprising:

a color filter disposed on the second refraction layer (101, 205, 308, 201), if the first (102, 204, 309, 402) and
second (101, 205, 308, 201) refraction layers are disposed on the second electrode (105, 203, 312, 407).

Patentanspriiche

1.

Organische lichtemittierende Diodenanzeigevorrichtung (OLED-Anzeigevorrichtung), umfassend:

ein Substrat (100, 200, 300, 400);
eine erste Elektrode (103, 201, 310, 403R, 403G, 403B), angeordnet auf dem Substrat;
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eine organische Schicht (104, 202, 311, 405R, 405G, 405B), angeordnet auf der ersten Elektrode (103, 201,
310, 403R, 403G, 403B) und eine Emissionsschicht umfassend;

eine zweite Elektrode (105, 203, 312, 407), angeordnet auf der organischen Schicht (104, 202, 311, 405R,
405G, 405B);

eine erste Brechungsschicht (102,204, 309, 402) und zweite Brechungsschicht (101, 205, 308,201), angeordnet
entweder zwischen der ersten Elektrode (103, 201, 310, 403R, 403G, 403B) und dem Substrat (100, 200, 300,
400) oder auf der zweiten Elektrode (105,203, 312, 407); wobei ein Brechungsindex der ersten Brechungsschicht
(102, 204, 309, 402) kleiner ist als ein Brechungsindex der zweiten Brechungsschicht (101, 205, 308, 201), und
die erste Brechungsschicht (102, 204, 309, 402) eine Dicke von 100 nm oder weniger aufweist; und

eine dritte Brechungsschicht, entweder angeordnet zwischen der zweiten Brechungsschicht (101, 205, 308,
201) und dem Substrat (100, 200, 300, 400), wenn die erste Brechungsschicht (102, 204, 309, 402) und zweite
Brechungsschicht (101, 205, 308, 201) zwischen der ersten Elektrode (103, 201, 310, 403R, 403G, 403B),
durch die Licht emittiert wird, und dem Substrat (100, 200, 300, 400) angeordnet sind, oder angeordnet auf der
zweiten Brechungsschicht (101, 205, 308, 201), wenn die erste Brechungsschicht (102, 204, 309, 402) und
zweite Brechungsschicht (101, 205, 308, 201) auf der zweiten Elektrode (105, 203, 312, 407), durch die Licht
emittiert wird, angeordnet sind;

wobei die dritte Brechungsschicht einen Brechungsindex aufweist, der der gleiche wie der Brechungsindex der
ersten Brechungsschicht (102, 204, 309, 402) ist,

dadurch gekennzeichnet, dass die erste Brechungsschicht direkten Kontakt mit der ersten Elektrode oder
der zweiten Elektrode hat; und

wobei die Dicke der zweiten Brechungsschicht (101, 205, 308, 201) von 150 nm bis 350 nm betragt.

OLED-Anzeigevorrichtung nach Anspruch 1, wobei die Dicke der zweiten Brechungsschicht (101, 205, 308, 201)
von 180 nm bis 200 nm betragt.

OLED-Anzeigevorrichtung nach Anspruch 1 oder 2, wobei der Brechungsindex der zweiten Brechungsschicht (101,
205, 308, 201) 1,1-mal gréRer als der Brechungsindex der ersten Brechungsschicht (102, 204, 309, 402) ist.

OLED-Anzeigevorrichtung nach einem vorangehenden Anspruch, wobei: die erste Brechungsschicht (102, 204,
309, 402) und zweite Brechungsschicht (101, 205, 308, 201) zwischen der ersten Elektrode (103, 201, 310, 403R,
403G, 403B) und dem Substrat (100, 200, 300, 400) angeordnet sind, und der Brechungsindex der ersten Bre-
chungsschicht (102, 204, 309, 402) kleiner ist als ein Brechungsindex der ersten Elektrode (103, 201, 310, 403R,
403G, 403B); oder die erste Brechungsschicht (102, 204, 309, 402) und zweite Brechungsschicht (101, 205, 308,
201) auf der zweiten Elektrode (105, 203, 312, 407) angeordnet sind, und der Brechungsindex der ersten Bre-
chungsschicht (102, 204, 309, 402) kleiner ist als ein Brechungsindex der zweiten Elektrode (101, 205, 308, 201).

OLED-Anzeigevorrichtung nach einem vorangehenden Anspruch, wobei der Brechungsindex der ersten Brechungs-
schicht (102, 204, 309, 402) von 1,4 bis 1,8 betragt.

OLED-Anzeigevorrichtung nach einem vorangehenden Anspruch, wobei die erste Brechungsschicht (102, 204, 309,
402) und zweite Brechungsschicht (105, 203, 312, 407) jeweils Nioboxid (Nb,O5) Tantaloxid (Ta,Og), Titanoxid
(TiOp), Siliciumnitrid (Si,N,), Siliciumoxid (SiO,), Antimonoxid (Sb,03), Aluminiumoxid (Al,O3), Zirkoniumoxid
(ZrO,), Magnesiumoxid (MgO), Hafhiumoxid (HfO,) oder synthetisches Polymer umfassen.

OLED-Anzeigevorrichtung nach einem vorangehenden Anspruch, wobei die erste Elektrode (103, 201, 310, 403R,
403G, 403B) eine lichtdurchlassige Elektrode ist, die zweite Elektrode (105, 203, 312, 407) eine reflektierende
Elektrode ist, die erste Brechungsschicht (102, 204, 309, 402) zwischen der ersten Elektrode (103, 201, 310, 403R,
403G, 403B) und dem Substrat (100, 200, 300, 400) angeordnet ist, und die zweite Brechungsschicht (101, 205,
308, 201) zwischen der ersten Brechungsschicht (102, 204, 309, 402) und dem Substrat (100, 200, 300, 400)
angeordnet ist.

OLED-Anzeigevorrichtung nach einem der Anspriiche 1 bis 6, wobei die erste Elektrode (103, 201, 310, 403R,
403G, 403B) eine reflektierende Elektrode ist, die zweite Elektrode (105, 203, 312, 407) eine lichtdurchlassige
Elektrode ist, die erste Brechungsschicht (102, 204, 309, 402) auf der zweiten Elektrode (105, 203, 312, 407)
angeordnet ist, und die zweite Brechungsschicht (101, 205, 308, 201) auf der ersten Brechungsschicht (104, 202,
311, 405R, 405G, 405B) angeordnet ist.

OLED-Anzeigevorrichtung nach einem vorangehenden Anspruch:
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wobei das Substrat (100, 200, 300, 400) eine Vielzahl von Einheitspixelbereichen umfasst;

eine Vielzahl organischer lichtemittierender Dioden auf den Einheitspixelbereichen des Substrats (100, 200,
300, 400) angeordnet sind; und die erste Elektrode (103, 201, 310, 403R, 403G, 403B), zweite Elektrode (105,
203, 312, 407), organische Schicht und eine erste Brechungsschicht (102, 204, 309, 402) und zweite Bre-
chungsschicht (101, 205, 308, 201) zusammen zumindest teilweise eine der organischen lichtemittierenden
Dioden definieren, wobei die anderen organischen lichtemittierenden Dioden jeweils entsprechend konfiguriert
sind.

OLED-Anzeigevorrichtung nach einem vorangehenden Anspruch, wobei eine Dicke der dritten Brechungsschicht
die gleiche wie die Dicke der ersten Brechungsschicht (102, 204, 309, 402) ist.

OLED-Anzeigevorrichtung nach einem vorangehenden Anspruch,
wobei eine organische Schicht, die Licht mit einer langeren Wellenldnge emittiert, dicker ist als eine weitere orga-

nische Schicht, die Licht mit einer kiirzeren Wellenlange emittiert.

OLED-Anzeigevorrichtung nach einem vorangehenden Anspruch, weiterhin umfassend:

einen Farbfilter, angeordnet zwischen der zweiten Brechungsschicht (101, 205, 308, 201) und dem Substrat
(100, 200, 300, 400), wenn die erste Brechungsschicht (102, 204, 309, 402) und zweite Brechungsschicht (101,
205, 308, 201) zwischen der ersten Elekirode (103, 201, 310, 403R, 403G, 403B) und dem Substrat (100, 200,
300, 400) angeordnet sind.

OLED-Anzeigevorrichtung nach einem der Anspriiche 1 bis 12, weiterhin umfassend:

einen Farbfilter, angeordnet auf der der zweiten Brechungsschicht (101, 205, 308, 201), wenn die erste Bre-
chungsschicht (102, 204, 309, 402) und zweite Brechungsschicht (101, 205, 308, 201) auf der zweiten Elektrode
(105, 203, 312, 407) angeordnet sind.

Revendications

1.

Dispositif d’affichage a diode électroluminescente organique (OLED), comprenant :

un substrat (100, 200, 300, 400) ;

une premiere électrode (103, 201, 310, 403R, 403G, 403B) disposée sur le substrat ;

une couche organique (104, 202, 311, 405R, 405G, 405B) disposée sur la premiére électrode (103, 201, 310,
403R, 403G, 403B) et comprenant une couche d’émission ;

une seconde électrode (105, 203, 312, 407) disposée sur la couche organique (104, 202, 311, 405R, 405G,
405B);

une premiére (102, 204, 309, 402) et une deuxieme (101, 205, 308, 201) couches de réfraction, disposées soit
entre la premiere électrode (103, 201, 310, 403R, 403G, 403B) et le substrat (100, 200, 300, 400), soit sur la
seconde électrode (105, 203, 312, 407) ; un indice de réfraction de la premiére couche de réfraction (102, 204,
309, 402) étant inférieur a un indice de réfraction de la deuxiéme couche de réfraction (101, 205, 308, 201), et
la premiere couche de réfraction (102, 204, 309, 402) ayant une épaisseur de 100 nm ou moins ; et

une troisieme couche de réfraction disposée soit entre la deuxieme couche de réfraction (101, 205, 308, 201)
et le substrat (100, 200, 300, 400), si les premiére (102, 204, 309, 402) et deuxiéme (101, 205, 308, 201)
couches de réfraction sont disposées entre la premiére électrode (103, 201, 310, 403R, 403G, 403B) a travers
laquelle la lumiére est émise et le substrat (100, 200, 300, 400), soit disposée sur la deuxiéme couche de
réfraction (101, 205, 308, 201), si les premiére (102, 204, 309, 402) et deuxieme (101, 205, 308, 201) couches
de réfraction sont disposées sur la seconde électrode (105, 203, 312, 407) a travers laquelle la lumiére est
émise ; la troisieme couche de réfraction ayant un indice de réfraction qui est identique a I'indice de réfraction
de la premiére couche de réfraction (102, 204, 309, 402) ;

caractérisé en ce que la premiére couche de réfraction est directement en contact avec la premiéere électrode
ou la seconde électrode ; et

dans lequel I'épaisseur de la deuxiéme couche de réfraction (101, 205, 308, 201) est de I'ordre de 150 nm a
350 nm.

2. Dispositif d’affichage a OLED selon la revendication 1, dans lequel I'épaisseur de la deuxiéme couche de réfraction
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(101, 205, 308, 201) est de I'ordre de 180 nm a 200 nm.

Dispositif d’affichage a OLED selon la revendication 1 ou 2, dans lequel I'indice de réfraction de la deuxieme couche
de réfraction (101, 205, 308, 201) est 1,1 fois supérieur a l'indice de réfraction de la premiére couche de réfraction
(102, 204, 309, 402).

Dispositif d’affichage a OLED selon I'une quelconque des revendications précédentes, dans lequel :

les premiére (102, 204, 309, 402) et deuxieme (101, 205, 308, 201) couches de réfraction sont disposées entre
la premiére électrode (103, 201, 310, 403R, 403G, 403B) et le substrat (100, 200, 300, 400), et I'indice de
réfraction de la premiére couche de réfraction (102, 204, 309, 402) est inférieur a un indice de réfraction de la
premiére électrode (103, 201, 310, 403R, 403G, 403B) ; ou les premieére (102, 204, 309, 402) et deuxiéme (101,
205, 308, 201) couches de réfraction sont disposées sur la seconde électrode (105, 203, 312, 407) et I'indice
de réfraction de la premiére couche de réfraction (102, 204, 309, 402) est inférieur a un indice de réfraction de
la seconde électrode (101, 205, 308, 201).

Dispositif d’affichage a OLED selon 'une quelconque des revendications précédentes, dans lequel 'indice de ré-
fraction de la premiere couche de réfraction (102, 204, 309, 402) est de I'ordre de 1,4 a 1,8.

Dispositif d’affichage a OLED selon I'une quelconque des revendications précédentes, dans lequel chacune des
premiere (102, 204, 309, 402) et deuxieme (105, 203, 312, 407) couches de réfraction comprend de I'oxyde de
niobium (Nb,Os), de 'oxyde de tantale (Ta;Os), de I'oxyde de titane (Ti,Os), du nitrure de silicium (Si,N,), de I'oxyde
de silicium (SiO,), de 'oxyde d’antimoine (Sb,05), de 'oxyde d’aluminium (Al,O3), de 'oxyde de zirconium (ZrO,),
de 'oxyde de magnésium (MgO), de I'oxyde d’hafnium (HfO,) ou un polymeére synthétique.

Dispositif d’affichage a OLED selon 'une quelconque des revendications précédentes, dans lequel la premiére
électrode (103, 201, 310, 403R, 403G, 403B) est une électrode transmissive, la seconde électrode (105, 203, 312,
407) est une électrode réfléchissante, la premiére couche de réfraction (102, 204, 309, 402) est disposée entre la
premiére électrode (103, 201, 310, 403R, 403G, 403B) et le substrat (100, 200, 300, 400), et la deuxiéme couche
de réfraction (101, 205, 308, 201) est disposée entre la premiére couche de réfraction (102, 204, 309, 402) et le
substrat (100, 200, 300, 400).

Dispositif d’affichage a OLED selon I'une des revendications 1 a 6, dans lequel la premiére électrode (103, 201,
310,403R, 403G, 403B) est une électrode réfléchissante, la seconde électrode (105,203, 312,407) est une électrode
transmissive, la premiére couche de réfraction (102, 204, 309, 402) est disposée sur la seconde électrode (105,
203, 312, 407), et la deuxieme couche de réfraction (101, 205, 308, 201) est disposée sur la premiére couche de
réfraction (104, 202, 311, 405R, 405G, 405B).

Dispositif d’affichage a OLED selon I'une quelconque des revendications précédentes :

dans lequel le substrat (100, 200, 300, 400) comprend une pluralité de régions de pixel unitaire ;

une pluralité de diodes électroluminescentes organiques sont disposées sur les régions de pixel unitaire du
substrat (100, 200, 300, 400) ; et lesdites premiéere électrode (103, 201, 310, 403R, 403G, 403B), seconde
électrode (105, 203, 312, 407), couche organique et premiére (102, 204, 309, 402) et deuxiéme (101, 205, 308,
201) couches de réfraction définissent ensemble au moins partiellement I'une desdites diodes électrolumines-
centes organiques, chacune des autres desdites diodes électroluminescentes organiques étant configurée de
maniére correspondante.

Dispositif d’affichage a OLED selon I'une quelconque des revendications précédentes, dans lequel une épaisseur
de la troisieme couche de réfraction est identique a I'épaisseur de la premiéere couche de réfraction (102, 204, 309,
402).

Dispositif d’affichage a OLED selon I'une quelconque des revendications précédentes, dans lequel une couche
organique émettant de la lumiére ayant une plus longue longueur d’onde est plus épaisse qu’une autre couche

organique émettant de la lumiére ayant une longueur d’onde plus courte.

Dispositif d’affichage a OLED selon I'une quelconque des revendications précédentes, comprenant en outre :
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un filtre de couleur disposé entre la deuxieme couche de réfraction (101, 205, 308, 201) et le substrat (100,
200, 300, 400), si les premiere (102, 204, 309, 402) et deuxiéme (101, 205, 308, 201) couches de réfraction
sont disposées entre la premiére électrode (103,201, 310, 403R, 403G, 403B) etle substrat (100, 200, 300, 400).
13. Dispositif d’affichage a OLED selon I'une des revendications 1 a 12, comprenant en outre :
un filtre de couleur disposé sur la deuxiéme couche de réfraction (101, 205, 308, 201), si les premiére (102,

204, 309, 402) et deuxieme (101, 205, 308, 201) couches de réfraction sont disposées sur la seconde électrode
(105, 203, 312, 407).
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