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Effects of a Dielectric Multilayer Minor on the Lighting Efficiency of Organic
Light-Emitting Diodes Studied by Optical Simulation
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The effects of a dielectric multilayer mirror on the efficiency of organic light-emitting diodes (OLEDs) were investigated by
using optical simulation. Adoption of a dielectric mirror consisting of alternating SiN and SiO, layers narrowed the emission
spectrum due to the microcavity effect, and increased the outcoupling efficiency by a few percent. The layer thicknesses of the
dielectric mirror were adjusted to change the wavelength of the resonance mode, which may be used to increase the color purity.
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FIG. 1. Schematic cross-sections of (a) a reference OLED and (b)
an OLED in which the dielectric multilayer mirror is adopted.

TABLE 1. The thickness and the refractive index of the layer
materials of the reference OLED

Thickness Refractive Index

. Thickness Red Green Blue
Material
(nm) (630 nm) | (550 nm) | (470 nm)

ITO 150 1.78 1.85 1.93
ETL(Alq3) 50 1.63 1.66 1.7
HTL(NPD) 50 1.78 1.81 1.86
Glass 2000 1.5 1.5 1.5
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TABLE 2. The thicknesses of SiN and SiO; in dielectric multilayer stack for three wavelengths
Material parameters of the dielectric multilayer mirror
Red Green Blue
Material : (630 nm) . : (550 nm) . : (470 nm) .
Thickness Refractive Thickness Refractive Thickness Refractive
(nm) index (nm) index (nm) index
SiN 82.9 1.9 72 1.9 62 1.9
SiO, 108.6 1.46 94 1.46 80.5 1.46
ITO 88.9 1.78 75 1.85 61 1.93
nm) Y - SAES 22 19, 145, 1.78, FA= 217 829 Gass Mod
_ ass Mode
nm, 108.6 nm, 88.85 nm= A3}t 7| ERT} XA = 72 o Red
nE HAEARS RA|AN F4aTK AlEd o] —s—Green
dgsiadt g gol, 7 e w2 109 F4ee o8 —>—Blue
RGB2] &AM & 0.016, 0.012, 0.0102 AA3s}%c} o]AF H]
25713 OLED®] AlE#o]d %2712 Table 20f Az]=o] R o
Ut Figure 1(b)= 414 th38Fat &0 3% OLEDY] uy
TFxoloh FAA A 1 ~ 3 B7HA| AAge & AiE vl O s0
sloich. Yoz ETL-HTL ZA|HojA ETL ZoZ 20
i Hojzl o] Fobol MRS A eIk 4 o
o] AE WHS AR 210l Al Yo ARk A8
ol AW, dojxl AWE BRI A Bl ohat - - -
AE Ak Thickness of SiN layer (nm)
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FIG. 2. Dependence of the glass mode on the SiN thickness at
a fixed SiO, thickness for RGB emissions.
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FIG. 3. Dependence of the glass mode on the SiO» thickness at
a fixed SiN thickness for RGB emissions.
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FIG. 4. Dependence of the glass mode on the ETL thickness of
a reference OLED for the three emission wavelengths.
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FIG. 5. Dependence of the glass mode on the ETL thickness of
a modified OLED for the three different number of layers of the
dielectric mirror: (a) one pair, (b) two pairs, and (c) three pairs.
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TABLE 3. The optimum ETL thickness and the outcoupling efficiency (OCE) in the glass mode for 1 ~ 3 pairs of the dielectric multilayer

mirror and for the three emission wavelengths

Outcoupling Efficiency (Glass mode)

Red Green Blue
Number of (630 nm) (550 nm) (470 nm)
Pairs Thickness OCE Thickness OCE Thickness OCE
(nm) (%) (nm) (%) (nm) (%)
1 pair 130 67.48 120 64.41 90 60.16
2 pairs 120 63.62 110 62.52 90 59.40
3 pairs 130 63.63 120 63.68 90 57.52
100 100 100
T a4 “:3
80 b, s 80 80
039 &P p
R __ 60 60
U8J 40 uéj 40 g 40 " :
Red ) Blue
20 —ae— Reference 20 jp —e— Reference 20 —ae— Reference
o1 Pair —o— 1 Pair —o— 1 Pair
—o— 2 Pairs —o— 2 Pairs —o— 2 Pairs
0 —o— 3 Pairs 0 —o— 3 Pairs 0 —o— 3 Pairs
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Wavelength (nm)
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Wavelength (nm)
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©

FIG. 6. Wavelength dependence of the glass mode for the three OLEDs where the dielectric stack was optimized for (a) red, (b) green, and
(c) blue emission. Each figure shows four curves which correspond to the number of dielectric pairs from 0 to 3. The direction of the dipole

emission was set to be in the OLED plane.
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FIG. 7. Dependence of the glass mode and the air mode on the ETL thickness for (a) red, (b) green, and (c) blue emission. The pair number

of the dielectric stack in OLD was one.

TABLE 4. Comparison of the glass mode and the air mode at the optimum ETL thickness for OLED where one pair of the dielectric

multilayer mirror was adopted

Outcoupling Efficiency (Glass mode and air mode)

Red (630 nm) Green (550 nm) Blue (470 nm)
. Glass . . Glass . . Glass
Thickness Mode Air Mode Thickness Mode Air Mode Thickness Mode Air Mode
(nm) s *%) (nm) o %) (nm) s )
130 67.5 34.12 120 64.81 34.53 90 60.10 36.40
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A ke S7t Zokgel wet o AYE selskack
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