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Organic light emitting diode (OLED) displays have been employed for several commercial applications, such

as mobile phones, TVs, and so on, because of their high-speed response, thinness, and light weight. Printable

OLEDs have been given increasing attention owing to their large cost reduction potential, whereas most of OLED

displays are fabricated by vacuum evaporation using many vacuum chambers. At Sumitomo Chemical Co., Ltd.,

we have developed printable OLED materials and have achieved the practical use of it for the first time in the
world. In this paper, we give a brief overview of existing printable OLEDs and present a feature of our materials

and technologies.
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BB  Schematic of OLED operation mechanism : i) Electrons are injected from the cathode and transported ; ii)
holes are injected from the anode and transported to the inside of the layer ; iii) recombination of electrons

and holes in a molecule generate excited states that emit light. HOMO : Highest Occupied Molecular Or-
bital, LUMO : Lowest Unoccupied Molecular Orbital
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B  Comparison of the OLED structure and energy band diagram (a) Device made by vacuum evaporation
(small molecule) (b) Device made by solution process (polymer)
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B Schematic of (a) Photo-physical dynamics for the generation of a higher excited state via singlet-singlet anni-
hilation (SSA) (b) Degradation products formation mechanism resulting from the generation of a higher excit-
ed state via SSA
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(a) Spatial density calculation of the optically active

structure using the MD method
Calculation example

40 molecules of F8 decamer

Calculation result of

the developed material

Material

' Ref:
F8 decamer

Existing
material

Developed
material

Normalized

density

1.00

0.90

0.65 @ 0 50 100 150 200

(b) EL device performance of the designed
material

. Color Driving Vol [EQE

Material [CIEx.y] V] %]
Existing material [0.130,0.061 4.1 10.7
Developed material {0.131,0.060 4.1 11.3

100%

95% +

90% +

85% +

norm. EL Luminance

80% n, +
250 300 350

EL operation time [hr]

.m (a) Figure on the left : molecular configuration of a 9,9-dioctylfluorene decamer (40 molecules) calculated
using the molecular dynamics (MD) calculation method. Table on the right : calculation results of the rela-
tive spatial density of the optically active structure of the developed material. (b) Comparison of EL device
lifetime between the existing and the developed materials. These results confirm the improved lifetime

performance provided by our design strategy.
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(b-2)
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HiL

wave
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14

<—— Traveling

EML

Standing
wave

m (@) Illustration of multiple light reflections in an OLED and of (b-1) electromagnetic waves and (b-2) stand-
ing wave formation in a device ; HiL : hole injection layer ; iL : interlayer ; EML : emission layer

(a) Optical transmission at each position

(b) Luminescence spectrum

(C) External outcoupling efficiency

of the EML material of photon emission
Glass sub 1.2
ITO —a ' 5
5 !
. @ Tr(d, 1) N PL(%) _ Ext(d)
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1 0.2 3
24 d4 J ©
0 - - - - 0 + + t t t t #
300 400 500 600 700 800 400 500 600 700 0 20 40 60 80 100

Wavelength [nm]

Wavelength [nm]

Position : d [nm]

m (a) Optical transmission simulation results from each inner position (from d_1 to d_4) to the outside of the
device (b) Luminescence spectrum of the EML material (c) External outcoupling efficiency of photon emis-
sion as a function of the photon emitting position in a device
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IEEEEN (2 Simulation result of cavity effect spectrum CAVS(2) (b) (c) Comparison between the PL spectrum of EML
(black line) and the spectrum calculated by multiplying the PL spectrum by CAVS(1) (green line) FWHM :

Full width at half maximum
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1F2  1E1  LE#0  LE+1  LEs2
Current density [mA/cm?]

q Color | Efficiency
Material | (cipxvi | [cd/A] EQE [%]
Existing 0.21,0.73 115 29.0
New 0.23,0.73 167 39.6

IEPEEE  Comparison of EL efficiency between the
existing and the developed materials on
Top-emission devices (2nd-cavity)

These results confirm the improved effi-
ciency performance provided by our design
strategy.
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DRUTHBEX N, ZD%, 4% 70+ ZIZTEML
LB FEAR, ETEkECERIER I NS (T

ZTC. HILEHTLIZR— 2 TRt N3, F7-.
RGBEZ L IZRIBOBIFIZZ W T A %), RikiC
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A v Vzy VEBNEDA VRO IEHE» DR
R ey GO R O BOEE) |
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o OAIZERMSERLTL 0, fHomEERIZIEANR
TRNEBENED D, o< &5 %L O ER
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WIS, B 2 P i 2 B D W TE R T
%, WO K > TR S h 3 EZIRIZDONWT
F. I =D U rRAECE LTk #EmEh T
BO. WHEHPOWRHENIZEL S~ T v I =/MiRAE
WAHNZZXLD—DTHBILEALNTNEO, <
7 v IR OMBHTIE. RTINS \RICE
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Mo ATL (80 ACL (90
wk \9T ) uk \aC
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3, v 7 VIR IRERIRIEHIR, AR RS

4 key technical elements for ink-jet device fabrication

Ink formulation

Impurities control

(avoid contamination)

Substrate Bank formation

HiL printing

HTL printing

|
I

EML printing

Drying process

(ensure layer flatness)

[

Drying-baking

Drying-baking

Drying-baking

Jetting mechanism
(improve TAKT and yield)

Inkjet Printing \

W Scalable process to >G10

M Effective ink utilization

B Low-cost fabrication )

Cathode deposition Encapsulation

FEMEN  Schematic of the ink-jet printing (IJP) process for OLED display production
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GBS Schematic of film formation based on the Marangoni convection mechanism

ZAUIS K> TS AL U % Kk 11 O BB A B8 1
& 5T RIMRIIPENTT 2 5 @O NHRIFEN O
Wi aEGI 2 ZTHRETH 5, HREIZHT S

CIT R MR ZE 2 & IR IO HEE N R > T
D, SREBD T BN TN, Thab b, WEIZES
WO ER T O AR Y 7 — SIS O H 28 & D Sl
LR <, THMEERELIZ< W, 2O, [AE
OFMBMHBT FLE -] > [BEHEOEmEN] OBR%
ThhuL, WFOERRBNN LD EL 55 T L %E%K
T 56, THEA BN D M4 U TRE DN
HiIEh, BRI E 55, Wi, [REOREH
R x L ¥ -] < Iao&RmEN] oK THIUL.
SR ORMBNITFR L DKL 55 2 L 2 EKT %
25, R S THS A S R AVE U TR E AT
. BRI E 4% (Fig. 14(b)) 1019,

Y OABELMRHE., Bhdrh, [EEOEEEH
TAF—] > [IEEoERMEN] OBfRE 5 ->Tn
5, 2Dk, NV 2 NTRMBIDEZIRIZK D R$
<o A5 2 DIETZAR BB O BEA N MBI T D 5,
Wrkid, WHEHTHRNB LS, Yy NOEEIK %
WG 272 5K &2 R d e i, Hi LV
MFEAEA L TE N &I 2 )5 ki % W4 %
ZLTZOREE R 72,

2. 127 RAEOEEHEMT
L7k 512, v 7 v T=/Es 2 ULEE DO

14  Copyright © 2023 Sumitomo Chemical Co., Ltd.

WMOIXECTLES, 22T, bhbhdHizod
DENZZZEEEZEZT, 4 Vv IREEE Tl
WME/NELSTELD, A V2V 2y by F25D%R
TE L 7230l E R BT, RIS v
MEE Fgszidcenn, 22 hhbhidq v
2 DRZIESBFEIZE H U7z HIEED A ¥ 27 KK <
Td. NV I NOTIERFE TR EIREE 23 @ < 7 0 RE
BEFATIE w7y T2 AN A OGN 3T TH
%, ZORBENED D 5 729 IZFig. 15128 EFILE
Bi& L 72, £, Fig. 15(@)D & 5 &, [EE5R
JEIT T 24 v 2 RS ORI 23 F 25 5 A~C O 3T
DEFNLRY v —%YEfi L7z, 2OLIERY~v—%
W24 v 2Tk, NV I INTIREEDTZE L T
FRC RO THIRZEENCEN I S Z L iff s h b, 3
B, ZhoikiE 4 v oY oy MRIEL ZZEOIRIZ
Fig. 15(b) D & 5 &flH & 7k 5 72, Bk E 0K
v —CTIMIZIR, HFEEDRY v —BTIEFH, 8
KB KEWRY v —ATIIMEIRE B> TH D, B
FHOENI K > T AR TETWE Z &8
BhB. ZOKIIZ. bivbiud [H2Eh OR8]
&0 IR & PUERHT 2 8 U ORI -2 R 724
Z LRI 7=,

& T, Fig. 15 TR 7z & 5 AHMZEEOE K, 1 v
2 TORY) v —@ROMAEFEHDOEIZ L > THEL T
WsEEZLN, MAEHBEWIZERR LT <
BoTwdelfflichsd, XoT. A Vv oikitEd5
LTk, Ky~ —gBOMHEEHO®m S (EEE) %

fFRILFE 2023



1.E+5 (a)
1LE+4

1.E+3 E

VlSCOblty [CP]

LE+2 & polymer A

LB polymer B
polymer C
1.E+0 + t t t t t
1 2 3 4 5 6 7

Solute concentration [Rv C/Co]

B AFHELM B ORMS

0.2 T
(b) polymer A
015+ polymer B
E [ polymer C
= 01t
7] [
n
2 [ M
§ L
% 005+
= L
F |
o+
Bank
-0.05 + } } ; | |
0 10 20 30 40 50 60

Distance [pm]
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