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Development of Highly Efficient OLEDs for Lighting Applications
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Abstract

Today, energy conservation is a serious worldwide issue. In
Japan, energy consumption has been increasing along with
an ever more convenient human lifestyle”. Energy consump-
tion of lighting fixtures accounts for about 20% of total pow-
er consumption in Japan: about 21% in offices” and about
16% in the home?. Replacing conventional, inefficient light-
ing with advanced, highly efficient lighting is of great value
to energy conservation.

Together with LED lighting, already familiar on the global
market as a replacement for incandescent and fluorescent
lighting, OLED (organic light emitting diode) lighting is rec-
ognized as next-generation lighting technology. OLEDs offer
highly optically efficient lighting and such essential features
as efficient, low operation voltage and a surface light source.
And they also differ from fluorescent lighting in that OLED
lighting contains no harmful mercury. In addition, the organ-
ic substances used in OLED lighting allow extremely thin,
lightweight, and flexible lighting fixtures to be designed,
opening wide the possibilities of lighting applications.

Many OLED lighting products have been launched on the
market by various manufacturers since 2011. To date, how-
ever, OLED lighting has remained in the early stages of mass
production and has created only niche application markets.
The full-fledged emergence of an OLED lighting market has
been delayed because of many issues concerning perfor-
mance, cost, and presentation to the public.

To popularize OLED lighting, Konica Minolta has been
working to cope with the above issues. Our highly effi-
cient technologies for OLED lighting, including new blue
phosphorescent emissive materials and our unique internal
extraction structure (IES), grew from our state-of-the-art
organic materials technology and optical design technol-
ogy, technologies that have been nurtured over decades
of experience with photosensitive materials, lenses, and
film manufacturing. By integrating these technologies, we
achieved the extremely high efficacy of 103 Im/W in an OLED
lighting panel.
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Fig. 1 World's first all-phosphorescent OLED lighting panel “Symfos
OLED-010K” (2011)”
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Fig. 2 Improved lifetime performance.
The lifetime decay curves here were estimated from accelerated
testing under high-luminance conditions.

3 JEENH Ul

3.1 HEERE

M ICIER T 2 OLED F354 Z DB\ NI#hHIL, 4+
TBETEI# (LAY, EQE &W&EE$ %) kil 9%, EQE
FHERRETAIE (MU, IQE LRSS 2) EEHUE LA
# (LLT, OCE LT %) 2 AbEbDTH S,

EQE = IQE-OCE

fit> T, FRIER D7 oI iZOM B ERERR I X
% IQE o |, @Y akat-o it L Hifiic £ 2 OCE D
] BB THh B,

@dD OCE 22T, e afiEic il 354 D
IANF—UADRFHELTED, KROKMI R KE
W (Fig. 3) FEMIT L > THEL L Z 2NV F —D ) b,
FAIBLGFIC D 2 BB ORmMOAHE T L LG L,
R 77XV -F7) bl TRbid, Thz7
7%%ynx%—P&@$(Hg3woﬁﬁmiofé
Lz X—n9) b, EHEME RO RHICE T %
é&%@%ﬁ%ib&wm I, ZDOKREZEITREIC
X O HBEPBHEMD ST TL 2 2 2R TE R,
COIFNX—%EWRE—F LS (Fig.3b.), FHERIC
HRICHTELZZLX —D ) b DO—FIFIENR & 5D
RKERBITFEZICKL D ERD SANHTL 22 ENTE
B, TOIFRNF—%HEKE—F EMR(Fig.3¢). Ff
B LR 2 -l WS, BRI 734 A0 6

HANDHEHELTHLNZZZLT—, VbW 5 ES
E—F (Fig.3d.) &, 734 ANETHHIC X >TED
IV F—DHLTh20%RIE L SbN T\ 319,

OCE %[ L 378121%, (A) 79 REv R AE—F%
I L CEIE— FIcaBld 2 2 &, (B) Bkt — Fakk
WE— FRELAE—FAST 22 & (WHEEUE L),
BXO(C) EBE— FE225E— FICBUT 2 (U8
HEUE L) OBBENE =207 7u—FBREELE % 2,

Metal (cathode)

(A) Reducing

plasmon loss

mode b. Wavegwde , 100 300nm
mode * n=~1.8

100-300nm
n=1.8-2.0

(B) Internal .
extraction /
//y\\
-0.7mm
c Substrate \ n=1.5
mode
(C) External |—'\
extraction |‘V

Fig. 3 Emission energy loss in an OLED device and a light extraction ap-
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proaches: (A) reduction of plasmon loss mode, (B) internal extrac-
tion of waveguide mode, and (C) external extraction of substrate
mode.
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Fig. 4 Internal light extraction by IES. (a) In conventionally structured
devices, shallow-angled light does not escape through the sub-
strate because of the great difference in the refractive indices
of the substrate and the anode. (b) Scattering in the IES (inter-
nal extraction structure) allows even shallow-angled light to
be extracted.
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Fig. 5 OLED layer stack and optical refraction indices with light extrac-
tion structures. The IES (internal extraction structure) is composed
of two layers, a planarization layer and a light scattering layer.
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Fig. 6 Luminous flux measurement of an OLED test device with a hemi-
spherical lens. A hemispherical lens with the same refractive in-
dex as the substrate is applied to extract substrate mode energy.
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Fig. 7 Energy measurements and corresponding estimated energy
modes. As shown in the dashed rectangle, the measured energy
of the IES device with a hemispherical lens corresponds to the to-
tal of the energies of the air mode, substrate mode, and a portion
of the waveguide mode.
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Fig. 8 Optimized performance on test devices for the design of an OLED
with IES. Measured is luminous efficacy at 4 A/m? (Im/W). The ef-
ficacy of these devices with IES is high for devices with a high re-
fractive index substrate and substantially lower for those devices
with a normal refractive index substrate.
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Fig. 9 Efficacy of an OLED lighting panel with a novel blue phosphores-
cent material and IES.
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Fig. 10 Flexible OLED lighting model, “Habataki” demonstrated at
Lighting Fair 2013, Tokyo.
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