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PURPOSE 
To reduce luminance and emission spectrum 
visual dependence. 
 
CONSTITUTION 
An organic EL element with a transparent 
electrode, organic EL layer, and metal electrode 
laminated in order on a transparent substrate, 
wherein the surface of the organic EL layer in 
contact with the metal electrode or the surface 
of the metal electrode that is in contact with the 
organic EL layer has been roughened. 
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CLAIMS 
[Claim 1]  
An organic EL element with a transparent electrode, organic EL layer, and metal electrode 
laminated in order on a transparent substrate, wherein the surface of the organic EL layer in 
contact with the metal electrode or the surface of the metal electrode that is in contact with the 
organic EL layer has been roughened. 
 
DETAILED DESCRIPTION OF THE INVENTION 
[0001] 
FIELD OF INDUSTRIAL USE 
The present invention is related to an organic EL element that utilizes electroluminescence 
(hereafter called EL) of substances caused by current injection and is prepared with an EL layer 
formed with a thin film of this substance and in particular where the light emitting substance is 
an organic compound. 
 
[0002] 
BACKGROUND TECHNOLOGY 
Regarding this type of organic EL element, as shown in FIG. 3, those with a two layer structure 
made up respectively of organic compounds, an EL layer 3 made up of a light emitting thin film 
and a hole transport layer 4, mutually laminated together, and arranged between a metal cathode 
1 and transparent anode 2 and those with a three layer structure as shown in FIG. 4 made up 
respectively of organic compounds, an electron transport layer 5, EL layer 3, and hole transport 
layer 4 mutually laminated together and arranged between a metal cathode 1 and transparent 
anode 2 are well known. Here, the hole transport layer 4 has a function of more readily injecting 
holes from the anode and a function of blocking electrons and the electron transport layer 5 has a 
function of more readily injecting electrons from the cathode and a function of blocking holes. 
 
[0003] 
For example, metal or metal such as various alloys with a small work function such as 
aluminum, magnesium, and indium with a thickness of roughly 1000 to 5000 angstroms can be 
used as the metal cathode 1. In addition, for example, a conductive material with a large work 
function such as Indium Tin Oxide (hereafter called ITO) or the like with a thickness of roughly 
1000 to 3000 angstroms or a metal with a thickness of 800 to 1500 angstroms can be used for the 
anode 2. 
 
[0004] 
Aluminum quinolinol complex, in other words Al oxine chelate (hereafter called Alq3), 
tetraphenyl butadiene derivative can be used as the EL layer 3. For the hole transport layer 4, 
compounds such as triphenyldiamine derivative N, N′-diphenyl-N, N′-bis (3methylphenyl) -1,1′-
biphenyl-4,4′-diamine (hereinafter referred to as TPD) can preferably be used, as CTM (Carrier 
Transporting Materials) and these can be used alone or as a mixture. 
 
[0005] 
For example, oxadiazole derivatives (PBD) and the like can be used as the as the electron 
transport layer. In these organic EL elements, a glass substrate 6 is arranged on the outside of the 

SAMSUNG EX. 1004 - 3/15
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


transparent electrode 2 and excitons are generated from the recombining of electrons injected 
from the metal cathode 1 and holes injected from the transparent anode 2 onto the EL layer 3. 
Excitons on the EL layer near the boundary layer with the hole transport layer emit light in a 
radiation and deactivation process. This light is discharged externally through the transparent 
anode 2 and glass substrate 6 (Japanese Unexamined Patent Application S59-194393 and 
Japanese Unexamined Patent Application S63-295695). 
 
[0006] 
THE ISSUE(S) THAT THIS INVENTION INTENDS TO RESOLVE 
However, as a result of research of the film thickness of the EL layer of a two-layer structure 
organic EL element and emission spectrum, luminance, and viewing angle, the inventors learned 
that luminance has EL layer thickness dependence and viewing angle dependence. In other 
words, emission spectrum and luminance of the organic EL element and glass substrate 6 as 
shown in FIG. 5 changes depending on the viewing angle of the viewer. 
 
[0007] 
Light emitted from one point of emission source P within the EL layer includes light from two 
sources, path A of light directly impinging on the substrate 6 in the drawings and path B of light 
reflecting off the metal electrode 1 and impinging on the substrate 6. The light from these two 
paths have light path difference L given by equation 1 and furthermore phase difference ηy given 
by equation 2 and mutually interfere (in both equations, n is the refractive index of the EL layer 
3, y is the distance from the light source P to the metal electrode 1, θ is the viewing angle from 
normal on the display surface in the EL layer, and λ indicate respective wavelengths. Same 
hereinafter). 
 
[0008] 
Equation 1 
 

 
 
[0009] 
Equation 2 
 

 
 
Therefore, intensity I as a result of interference can be expressed as in equation 3. 
[0010] 
Equation 3 
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[0011] 
As shown in FIG. 6, the light intensity f(y) distribution in the EL layer at the boundary layer of 
the hole transport layer 4 decreases with increased directedness towards the metal electrode 1 
and an exponential function distribution related to film thickness can be expressed as equation 4 
and for EL thickness overall, can be normalized as equation 5 (in both equations d is distance 
from the light source to the metal electrode, ε is the light source intensity distribution parameter, 
and k is a constant. Same hereinafter). 

[0012] 
Equation 4 

[0013] 
Equation 5 

[0014] 
The intensity distribution F(λ) of the emission spectrum of the light source itself can be exhibited 
as a function of wavelength λ specific to the light source body. Therefore, the emission intensity 
T (λ，θ，d) of the EL element actually observed by the viewer can be given by equation 6. 

[0015] 
Equation 6 

[0016] 
Here, to confirm the emission intensity T (λ，θ，d) of the EL element, an organic EL element 
containing an EL layer made up of Alq3 with a film thickness d of 6000 angstroms was prepared 
and a test was performed regarding emission intensity of viewing angles from 0° to 75°. FIG. 7 
shows emission intensity distribution relative to emission wavelength. Therefore, the emission 
intensity distribution was confirmed to nearly match with the emission intensity T (λ，θ，d) 
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