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Studies on the control of the interface between organic layer and electrode using me
tal oxides and improvement of organic electronic devices
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i It was found that exciton quenching takes place at the interface between organic |
ayer and LiF / Al cathode and that the exciton quenching is suppressed by the insertion of molybdenum oxid

e (Mo03) layer between LiF and Al. The use of MoO3 as a cathode buffer material in organic solar cells im
proves the short circuit current densities, thus resulting in the improvement of the power conversion effi

ciencies. Organic light-emitting diodes (OLEDs) with LiF / MoO3 / Al cathode showed higher external quant
um efficiencies as compared with the OLEDs with LiF / Al cathode.



(OSC)
(OLED)

poly(3,4-ethylenedioxythiophene) doped with
poly(4-styrene sulfonate) (PEDOT:PSS)
(MoGy)
LiF

MoO;
(LiF / MoOs / Al)
OSsC LiF / Al OSsC

MoO;

MoO;

OSsC
LiF / MoO, / Al
MoO;
0OSsC

OLED
OLED

(1) MoO; /

LiF / MoOs / Al

X

LiF/ MoO;/ Al LiF/Al

(2) MoOs
0osC
(0] LiF / MoOs /
Al 0OsC
LiF / Al OsC
0OsC
MoO;
OsC p
n pn
p n (i
) pin (
)
(BHJ) MoO;
(3) MoOs
OLED
OLED 0OsC
MoO; /
MoO;
OLED MoO;
OLED
MoO;
(1) MoO; /
LiF/ MoO; / Al
Crno LiF
[ Al LiF / MoOs / Al
Ar
X (XP)
1 XP LiF /Al
Cro XP ( 19
Al
Al 2p (
72.2 &V) Al
Al



LiF / MoO; / Al Con
LiF / Al Crno

Al 2p

Al 722 eV
74.6
ev

Al 2p

(a) IIDOOOCPS

etching

Intensity

PRI R B PRI
78 76 74 72 70 68
Binding Energy / eV

(b) I

Intensity
El
3

78 76 74 72 70 68
Binding Energy / eV

1 (8 Cp/LiF/Al (b) Cro/ LiF /

MoO; /Al Al 2p XP
2 Cy/ LiF/ M0O3/ Al Mo 3d
XP Al
Al
Mo
(2309
227.9 eV) Mo
etching ¢ 1000cPs
Smin time
2é4 . 2:I’,2 I 2::,0 ‘ 2é8 . 226
Binding Energy / eV
2 Cy/LiF/Mo0Os/ Al Mo 3d
XP
C70 /
C7O
3 Al
Con LiF / Al
LiF / M003 ! Al C7o
Al Cun

LiF / Al

Cro 40%

LiF / MoO / Al Co Al
Co
LiF / Al Cro Al
Cono

MoO; LiF Al

100 | LiF / MoO3 (nm)
g ol = 52188
2> 80} — 01/0.3
(%)

g |

€ 60 |

Z |

s 4ot

2 |

< 20}

o -

0 1 I 1 !

600 650 700 750 800 850
Wavelength / nm

3 Cp
LiF / Al Cn
MoO;
LiF Al a
Li
3LIF+Al - 3Li+AIF @
Li C70 C7O
( b)
Al Cno
LiF / Al
C7O
Li+Cyp — Li"+Cyp~ (b)
XP MoO;
Al c
MOO3 +2Al — Mo + A1203 (C)
LiF MoO;
C a
Li Cao
Cro
(2) MoO;
OSC
1) MoO;
OSC



pn

4
ITO
MoO; p tris[4-(5-phenyl-
thiophen-2-yl)phenyl]amine (TPTPA) n
Cro LiF
LiF / MoO;
Al
[ AT(00mm ]
[ AI(i00mm) ] Mo (0.3um)
[ AT(100nm) ] LiF (0.1nm) LiF (0.1nm)
Cr0 (450m) Cro (45nm) Cr0 (45nm)
TPTPA (30nm) ‘TPTPA (30nm) ‘TPTPA (30nm)
MoO3 (6nm) MoO3 (6nm) MoOj (6nm)
[ 110 1 [ 110 1 [ 170
[ Glass Substrate | Glass Substrate | Glass Substrate
Device A Device B Device C
Q)
<8
<
N
O @
< s
TPTPA Coo

4 Device A~C

TPTPA Cro
5 Al
(Device A) LiF / Al (Device B)
LiF / MoO; / Al (Device
C) ( AML1.5G, 100 mWem 2 )
() %
Device A (Jsc)
(Voc) (FF)
52 mAcm? 0.55 V 0.41
LiF / Al
(Device B) Device A Voc (0.88
V) FF (0.69) Jsc (3.9
mAcm ?) LiF /
MoO; / Al Device C Device
A Jsc (5.1 mAcm?)
Device B Voc (0.90V)
FF (0.70) 3.3%
MoO; LiF / Al
Jsc
20 ——Device A
Ng g
< 0.0
E
g
g 40
3 —
-6.0 L
0.0 0.5 1.0
Applied Voltage / V
5 (AM1.5G, 100

mWem ) Device A~C  J-V

pin
p
n a )
pin
6 1
TPTPA  Cyp
AT(100nm
[ AT(I00nm) | MoO3 (0.3nm)
LiF (0.1nm) LiF (0.1nm)
C70 (30nm) C70 (30nm)
TPTPA:C70 (1:4, 25nm) TPTPA:C79 (1:4, 25nm)
TPTPA (20nm) TPTPA (20nm)
MoO3 (6nm) MoO3 (6nm)
1o —— [T
| Glass Substrate | Glass Substrate
Device D Device E
6 Device D E
7 (AML1.5G, 100
mWem ?) Device D E JV
MOO3
(Device D)
Jsc =82 mAecm ™ Ve = 0.88
V FF=0.55 PCE=4.0%
MoO; Device
E Je¢ 9.0 mAcm > PCE
4.9%
5.0
——Device D
o —Device E
£
2 I
£ 00
2
2
[}
a
2 -5.0F
[
5
O
S—
—
-10.0 L
-0.5 0.0 0.5 1.0
Applied Voltage / V
7 (AM1.5G, 100
mWem ?) Device D E JV
BHJ
pin
(BHJ)
(Device F G)( 9
[ AT(100om) |
[ AT(100nm MoO3 (0.3nm)
LiF (0.1nm LiF (0.1nm)
TPTPA (5%) + C7o TPTPA (5%) + C1o
(60 nm) (60 nm)
MoOs3 (6nm) MoO3 (6nm)
IT
Glass Substrate Glass Substrate
Device F Device G
8 Device F G



9 Device F G J-Vv

MOO3
(Device F)
Jsc = 6.7 mAcm > Voc =081V FF=0.53
PCE = 2.9% MoO;
(Device G) Jsc
10.1 mAcm > PCE  5.0%
5 N
——Device F
o ——Device G
g |
g0
LS) -10 F_—
05 0.0 05 1.0
Applied Voltage / V
9 Device F
G JVv

Co )
Device H ( 10)

MoO3 (0.3nm)

LiF (0.1nm)
C70 (20nm)

TPTPA (5%) + C7o
(40 nm)

MoQ3 (6nm)

Glass Substrate

10 Device H

11 Device H NAY)
Device H Jsc = 11.7 mAem > Vo = 091
V FF=0.59 PCE=6.3% 0sC

—dark
I —under illumination

o

Current Density / mAcm™
iy
o (4]
T T

o

-15 L
-0.5 0.0 0.5 1.0
Applied Voltage / V

11
DeviceH J-V

(3) MoO;
OLED

MOO3
OLED

Device 1 J( 12)

ITO
MoO; fac-
tris(2-phenylpyridine)iridium (Ir(ppy)s)
4,4' 4"-tri(N-carbazolyl)triphenylamine

(TCTA) Ir(ppy)s
1,3,5-tris(N-phenylbenzimidazol-
2-yl)benzene (TPBI) TPBI
LiF / MoO;
Al

[_AT(100am)

[ AT(T00mm ] MoO3 (0.5nm)

LiF (0.1nm) LiF (0.1nm)

TPBI (15nm) TPBI (15nm)

TPBI+Ir(ppy)3 (6vol%) TPBI+Ir(ppy)s (6vol%)
(30nm) (30nm)

TCTA+Ir(ppy)3 (6vol%) TCTA+Ir(ppy)3 (6vol%)
(30nm) (30nm)

MoO3 (5nm) MoQO3 (5nm)
[ 1TO 1 [ 1TO
| Glass Substrate | Glass Substrate

Device | Device J

2
b

0?0 g& o %(5@

TCTA TPBI Ir(ppy);
12 Devicel J
TCTA TPBI Ir(ppy)s
13 Device 1 J
(EQE)
LiF Device 1
EQE AY ( 9%)
LiF /
MoO; Device J
EQE 8V 10%
MOO3
| —Device |
10} —Device J
€0
g st
O L "l I [ ST T T S I T S ST
0.0 5.0 10.0 15.0
Applied Voltage / V
13 Device 1 J  EQE
4)
LiF Al



MOO3 Al MOO3
Al
Cro
OSC MoOs
MOO3
Jsc PCE
MOO3
BHJ OSC
( 63%)
OLED MoO;
EQE 1%
MoO;  OLED
3

(1) "Performance of blue fluorescence and red
phosphorescent organic light-emitting diodes
using a molecular material with high hole
drift mobility", T. Oshiro, T. Tamura, H.
Kageyama, Y. Shirota, H. Kajii, and Y.
Ohmori, Phys. Status Solidi C 9, 2549 (2012).

( )

(2) "Mechanochromic luminescence of 4-[bis(4-

methylphenyl)amino]benzaldehyde", K.
Mizuguchi, H. Kageyama, and H. Nakano,
Mater. Lett. 65, 2658 (2011). ( )

(3) "Performance of Organic Light-Emitting
Diodes Using an Emissive Material with High
Hole Drift Mobility", T. Tamura, H.
Kageyama, Y. Shirota, H. Kajii, and Y.
Ohmori, Mol. Cryst. Lig. Cryst. 538, 98
(2011). ( )

15

(1) H. Kageyama, Y. Ohmori, and Y. Shirota, "
Development of Organic Solar Cells Using
Amorphous Molecular Materials with High
Charge Carrier Mobilities", International
Symposium on Organic Optical and
Electronic Materials and Devices, 2013,
Osaka University, Suita, Osaka, Japan,
March 8, 2013 (invited).

@)

2013 2 4-5

(3) H. Kageyama, Y. Ohmori, and Y. Shirota, "
Development of Organic Solar Cells Using
Amorphous Molecular Materials with High
Charge Carrier Mobilities", The 12th
International Symposium on Advanced
Organic Photonics (ISAOP-12), Okinawa
Industrial Support Center, Naha, Japan,
December 3-4, 2012 (invited).

@

50  OPERA

2012 5 2

(5) H. Kageyama and Y. Shirota, "Development
of Amorphous Molecular Materials with High
Hole Drift Mobility and Their Application to
Organic Solar Cells", International
Symposium on Materials Science and
Innovation for Sustainable Society, Eco-
materials and ECO-innovation for Global
Sustainability (ECO-MATES 2011), Hotel
Hankyu Expo Park, Osaka, Japan, November
28-30, 2011 (invited).

10
2
(1) Y. Shirota and H. Kageyama, Charge-
transporting Polymers, "Encyclopedia of
Polymeric Nanomaterials (Eds. S. Kobayashi,
K. Miillen)", Chapter 1-1, Springer, in press.

(2) Y. Shirota and H. Kageyama, Small Molecular

Weight Materials for (Opto)Electronic
Applications:  Overview, "Handbook of
Organic  Materials  for  Optical and

(Opto)Electronic  Devices. Properties and
Applications (Ed. O. Ostroverkhova)", Part I,
Chapter 1, pp.3-82, Woodhead Publishing,
2013.

M
Hiroshi Kageyama

50294038



