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Control of 100nm sized nano-structure

‘ Low-cost, large area and high optoelectronic performance

Future

®High performance organic display devices

OLEDs

@®Top-down Fabrication

E-beam, nano-inprint

Present
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Light out-coupling

@Block copolymers

Amorphous
Excellent film forming
capability

@ Organic Solar Cells

Flexible device
Thermoelectric and light
\ Harvesting devices

®Nano-dot

(®Photonics Devices
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Large optical anisotropies were observed
in amorphous films of long or planar molecules.
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External quantum efficiency (%)
S

Horizontal Orientation of Linear-Shaped Platinum(ll) Complex and
Demonstrations of High Light Out-Coupling Efficiency in Organic Light
Emitting Diodes

Appl. Phys. Exp. 4, 071602 (2010)

Masatsugu Taneda, Takuma Yasuda, and Chihaya Adachi
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Planer hetero Bulk hetero Nano-Pillar
structures structures structures
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[2] C. W. Tang [3] J. Xue et al., [4] J. S. Kim et al.,
Appl. Phys. Lett., 48, 183 (1986) Adv. Mater. 17, 66 (2005) Adv. Funct. Mater. 20, 1 (2010)
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Nano-pillar structures are ideal structure
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High performance Advantage of Organic Solar Cells
Organic Solar Cells 1) Low-cost: Organic Materials
2) Large Area and Flexible
4@, < 3) Energy Saving for Production
/ ,{fb\\ 3) Large Absorption Coefficient
y "/"\\\\s‘\ 0% 4) Unlimited Molecular Design
- NN/ Disadvantage
‘;" e Power Conversion Efficiency is limited.

(Si based device >20%)

preparation of
nano-pillars

‘ 20nm sized

Control of amorphous morphology
Molecular orientation in amorphous films

diameter
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- Amorphous (2) BT ES—IBEDEA
For realizing formation of pin-hole free thin films (3) ﬁ*%j-J a‘ l/‘r >$“1ﬁ"
amorphous morphologies with multi-layer structu,res (4) ﬁ? E Iﬁl 'I‘E (: cl: 5 OSC!I%'I‘E@ I'ﬁl J:

with 100nm thick layers have been widely used.
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Conventional OSCs 0OSCs
(pn hetero junction) with organic nanodots
cathode cathode Increase the
surface of p-n
N type Ceo(n type) k/interface
IV VA VA VA Vi I
P type CuPc(p type) __1+ nanodots |

Organic semiconducting materials

d o-6T TPD Pentacene
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w/o nanodots

CuPc(30)

0 nm
PN a-6T/CuPc ﬁ Pentacene/CuPc
CuPc(30) | : y ~ 3 %
VAV VA VAN T T e
Nanodots (5)

Onm Onm Onm

The surface of p-n interface was greatly increased

(Ra: a-6T<TPD=Pentacene)
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Characteristics
Device structure
w/o o-6T TPD Pentacene
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Cs0(30) £ ‘ i y
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5
(&)
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Voltage (V)

Conversion efficiency has improved by 20% by Pentacene nanodots

(n: TPD<a-6T<Pentacene) =>Energy matching is important
16
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CuPc (Donor material)

® -138{

PTCDA (Template material) Seeds layer Crystal
formation growth
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Orientation controlled CuPc molecules were used as seeds layer.
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(2) Artificial Control of Organic Nano-Pillars

without PTCDA fijwith PTCDA| X
) w/o PTCDA

Ag (50 nm)
BCP (10 nm)

P

ITO
Glass

with PTCDA

Ag (50 nm)
BCP (10 nm)

CuPc nano-pillar
PTCD

ITO
Glass

Masaya Hirade, Hajime Nakanotani, Masayuki Yahiro and
Chihaya Adachi

Appl. Mat. Int. 3, 80-83, (2011)

Selected in Top 10 Most Read Articles for Q1 2011
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Appl. Phys. Exp. 3, 121602 (2010)
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Control of Grain Size, Molecular Stacking and Orientation

Sub. Temp 390K
n=4%

Sub. Temp 300K Sub. Temp 410K

RMS: 3.54 nm
500 nm

Large surface

area
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ITO/DBP or CuPc/C60/BCP/Al

DBP cell
-8 CuPc cell

C60

A vacuum level (eV) b vacuum level (eV)

Current Density [mA/cm?]
N

0
0 0.2 0.4 0.6 0.8 1
Voltage [V]
. - 60
3'3 3'} DBP-cell
6.3 mA/cm?
50 a-- CuPc-cell
45 45 ]
DBP CuPc £
w
e}
H ] h v / w
| Ceo Ceo
g ocC — 5
55
6.2 6.2 300 400 500 600 700 800
Wavelength [nm]
ED materials Jse (mA/cm?) Vo (V) FF Conversion efficiency (%) Active cell area (cm?)
| DBP 6.3 0.92 0.62 3.6 0.033 |
CuPc 43 0.51 0.63 1.4 0.026
DBP(L) o, 091 0.51 2.6 1.6

D. Fujishima et al. Sol. Energy Mater. Solar Cells 93, 1029 (2009)
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Analyzed by Mr. Matsuda @ J. A. Woollam



a) ITO/
b) ITO/
c) ITO/PEDOT/

0-DBP (20 nm)
r-DBP (5 nm)/o-DBP (15 nm)
0-DBP (20 nm)

o

/C60 (50 nm)/BCP (10 nm)/Al (100 nm)
/C60 (50 nm)/BCP (10 nm)/Al (100 nm)
/C60 (50 nm)/BCP (10 nm)/Al (100 nm)
d) ITO/PEDOT/r-DBP (5 nm)/o-DBP (15 nm)/C60 (50 nm)/BCP (10 nm)/Al (100 nm)

O-DBP : Deposition at RT
R-DBP : Deposition at 110C
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1
A

o

o

o

N

w

se, Vee 1 FF ot
a -536 094 3.58 0.71 1400
b -453 0.92 2.47 0.60 1100
c -522 094 3.52 0.72 1700
d -404 0.93 3.25 0.70 1300

A

Current density (mA/cm®)

'
N

l\(((((((\(ﬂ(i(((i(

&

v' Series resistance (Rg) was
increased by using r-DBP at ITO

interface.

Face-on orientation decreases
charge collection barrier.

Carrier mobility enhancement of
DBP layer
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