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有機ELを中⼼心とした新学問領域（有機光エレクトロニクス）の確⽴立立、�
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γ: e/h injection, transport and recom. eff.	

ηr:  exciton production efficiency	

ηPL: PL quantum efficiency	

ηp:  light out-coupling efficiency	

 

⾼高効率有機EL素⼦子の実現へ�

ü  分⼦子配向による光取り出し効率の向上�
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（I）⾼高効率有機EL素⼦子へ�
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分光エリプソメーターによる分⼦子配向評価	




分⼦子設計�
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  films	
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  molecules.	


様々な有機薄膜の分⼦子配向�様々な分⼦子の配向性�
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分⼦子配向性によるデバイス特性の向上�
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Φout = 32 %! 

リン光デバイスによる高効率化の実現	


( ΦPL = 50%, γ=100%, ηST =100%)  
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  Phys.	
  Exp.	
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  071602	
  (2010)	
  
Masatsugu	
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リン光デバイスによる⾼高効率化へ 　(APEX in press) �
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Nano-pillar structures are ideal structure 	


[3] J. Xue et al., 
     Adv. Mater. 17, 66 (2005)	


[2] C. W. Tang 
     Appl. Phys. Lett., 48, 183 (1986)	


[4] J. S. Kim et al., 
     Adv. Funct. Mater. 20, 1 (2010)	


（II）有機太陽電池の⾼高性能化へ�



I) Control of 
Nano-sized 
morphology�

II) Control of 
Molecular �
orientation�

High performance 
Organic Solar Cells�
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For	
  realizing	
  forma/on	
  of	
  pin-­‐hole	
  free	
  thin	
  films,	
  
	
  amorphous	
  morphologies	
  with	
  mulB-­‐layer	
  structures	
  

with	
  100nm	
  thick	
  layers	
  have	
  been	
  widely	
  used.	
  

Control	
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Molecular	
  orientaBon	
  in	
  amorphous	
  films	
  	
  

III) Accurate 
preparation of 
nano-pillars�

Amorphous �

20nm	
  sized	
  
diameter	


有機ナノ構造体による有機太陽電池の⾼高性能化へ�

(1) 有機ナノドット構造の導⼊入�
(2) 有機ナノピラー構造の導⼊入�
(3) 有機ナノグレイン制御 �
(4) 分⼦子配向性によるOSC特性の向上�
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2.	
  Device	
  structure	
  of	
  OSCs	
  with	
  organic	
  nanodots	
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（１）有機ナノドット構造の導⼊入�
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2.	
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  on	
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  by	
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有機ナノドット構造によるデバイス特性の向上�
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2.	
  Influence	
  on	
  OSC	
  characteris=cs	
  by	
  introducing	
  nanodots	
  

Conversion	
  efficiency	
  has	
  improved	
  by	
  20%	
  by	
  Pentacene	
  nanodots	


  （η： TPD＜α-­‐6T＜Pentacene）⇒Energy	
  matching	
  is	
  important	
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有機ナノドット構造によるデバイス特性の向上�



Nanopillar	
  FormaBon	
  Technique	


CuPc (Donor material)	


PTCDA (Template material)	
 Seeds layer 
formation	


Crystal 
growth	


Orientation controlled CuPc molecules were used as seeds layer.	


(2) 有機ナノピラー構造の導⼊入�
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Control	
  of	
  20nm	
  sized	
  diameter	




CuPc	
  Nano-­‐pillar	
  Arrays	


TS=370℃,          TG=215℃	


(2) Artificial Control of Organic Nano-Pillars	



Masaya	
  Hirade,	
  Hajime	
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  Masayuki	
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Chihaya	
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  3,	
  80-­‐83,	
  (2011)	
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Voltage (V)

390 K

Appl.	
  Phys.	
  Exp.	
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  121602	
  (2010)	
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  Adachi	
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Device structure	


(3) 有機ナノグレイン制御�



世界トップレベルの光電変換効率を達成	
370 K 

RMS: 1.95 nm 
500 nm 

RMS: 3. 06 nm 

300 K 

500 nm 
RMS: 3.54 nm 

260 K 

500 nm 

5 10 15 20 25 30
0

20

40

60

80

100

 

 

In
te

ns
ity

 (c
ps

)
2θ (°)

C70:ClAlPc blend 
315 K

In-plain

5 10 15 20 25 30
0

20

40

60

80

100

 

 

In
te

ns
ity

 (c
ps

)

2θ (°)

C70:ClAlPc blend 
390 K

In-plain

0.39 nm

ClAlPc	
  aligns	
  to	
  parallel	
  orienta=on	
  by	
  
π Stacking	


Control of Grain Size, Molecular Stacking and Orientation �
Sub. Temp 300K 

η＝3％	

Sub.	
  Temp	
  390K	
  

η＝4％	

Sub.	
  Temp	
  410K	
  

η＝3％	


C70	
  

Electron	
  	


ClAlPc	
  
b-­‐axis	
  

Hole	


In-­‐plane	
 In-­‐plane	


Large	
  surface	
  
	
  area	




Incorporation of molecular orientation for OSC	


DBP	
 CuPc	
 C60	


ITO/DBP or CuPc/C60/BCP/Al	


D. Fujishima et al. Sol. Energy Mater. Solar Cells 93, 1029 (2009)	


High VOC	


(4) 分⼦子配向によるOSC特性の向上�



Morphological analysis of DBP film 

Intense emission form parallel direction	


1 µm	


RMS ~ 1.3 nm	


(4) 分⼦子配向によるOSC特性の向上�
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DBP film @ RT-depo. 
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ü  Optical anisotropy 
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ü  Amorphous 
ü  Optically isotropic  

(4) 分⼦子配向によるOSC特性の向上�



DBP OPV 
a) ITO/               o-DBP (20 nm)                    /C60 (50 nm)/BCP (10 nm)/Al (100 nm) 
b) ITO/      r-DBP (5 nm)/o-DBP (15 nm)       /C60 (50 nm)/BCP (10 nm)/Al (100 nm) 
c) ITO/PEDOT/           o-DBP (20 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)	


JSC 
mA/cm2	


VOC 
V	


η	


%	


FF	
 RS 
Ωcm2	


RP 
Ωcm2	


a -5.36 0.94	
 3.58	
 0.71	
 0.080	
 1400	

b -4.53 0.92	
 2.47	
 0.60	
 38	
 1100	

c -5.22 0.94	
 3.52	
 0.72	
 0.086	
 1700	

d -4.04 0.93	
 3.25	
 0.70	
 0.059	
 1300	


ü  Series resistance (RS) was 
increased by using r-DBP at ITO 
interface. 

•  Face-on orientation decreases 
charge collection barrier. 

•  Carrier mobility enhancement of 
DBP layer 

O-­‐DBP	
  :	
  Deposi;on	
  at	
  RT	
  
R-­‐DBP	
  :	
  Deposi;on	
  at	
  110C	


(4) 分⼦子配向によるOSC特性の向上�
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有機太陽�
電池� 有機EL �

有機光エレクトロニクスが切り開く近未来�

⾼高性能有機ELディスプレー･照明�⾼高効率有機太陽電池�
（エネルギー変換効率10％へ）�

グリーンテクノロジーへの貢献�
●⼤大⾯面積、●低コスト、●フレキシブル、●低環境負荷材料�

⼤大⾯面積有機EL照明･
ディスプレー�

フレキシブル�
有機EL･太陽電池�

低環境負荷型⼤大⾯面積 �
有機太陽電池�

ウエラブル有機デバイス� デスクトップ製造装置� 液体有機半導体、有機半導体レーザー�
（次世代有機材料･デバイス）�

光取り出し効
率の向上
>30%�

>5%�
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