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Atomic Layer 
Deposition  
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(PE-ALD) 

Plasma-enhanced ALD ALD  
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AQPassR
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(BHJ)
(PVS)

*

2022 495 /
( 0.45 /Wp )
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10%~15%  

10%

B1 B7 BHJ
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8.0
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1 10 Sun

 

 

 

 

 

 



3-2 
 

(1)-2 -2 

  

 

 

 

 

UPS IPES

HOMO LUMO
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Sn

P4

7%  

 

 

(2)  
39 7 7

2 Open-Close

JEITA

ET-9101  

 
(3)  

10 1 PCT
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1.  
1.1 1  
1.1.1 CEREBA  

 

27

5% 4

1.1.4.2

B6

B7  

OPV 1.1.1-1

42mm 7mm 4

1.1.1-1 Multi-SUN

TSC 26 28mm 2mm 2 3mm

1.1.1-2 1.1.1-1 PCE

B4 7mm  

1.1.1-1 OPV  

ID 

 /

 

PCE  

B1 P3HT:ICBA  4.2 %  

B2 PNTz4T:PC61BM  5.8 %  

B3 PNTz4T:PC61BM  7.5 %  

B4 DBP:C70  7.0 %  

B5 

TR-SCP197:PC71BM 

 8.4 %  

FB5 

TR-SCP197:PC71BM 

 8.0 %  

B6 

M1:PC71BM 

 6.7 %  

B7 

M1:PC71BM 

 4.6 %  



3-4 

 

 
 

 
 
 
 
 
1.1.1.1 B1  

poly(3-hexyl thiophene) P3HT

C60-indene bis adduct ICBA P3HT OPV

[6,6] phenyl C61 butyric acid methyl ester (PCBM) P3HT PCBM

3% P3HT:PCBM Voc

P3HT:ICBA  

42

42

10 mm

/
ITO

UV

1

2

1.1.1-1  42mm  

1.1.1-2  42mm  
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1.1.1.1.1  
1.1.1.1-1  

 

 

ITO

PEDOT:PSS , 

 SLHVJ13SL ITO 500rpm, 5

3,000rpm, 60 135 , 10

PEDOT:PSS

135 , 10 P3HT ICBA

P3HT ICBA 18mg/mL 9.0mg/mL

1:0.5

, SLLHH13NL

1700rpm, 120sec

Al 10 /sec 150nm Al

110 10

140 15  

1mm

:365nm, :60kJ/m2, :100mW/cm2

80 60

 

 

1.1.1.1.2  
AM1.5G, 100mW/cm2

J-V PCE

240 1.1.1.1-1 4.15%

0.37  

 

 

 

1.1.1.1-1  B1 P3HT:ICBA  
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1.1.1.1.3 100  
B1 P3HT:ICBA

1 sun AM1.5G 100 mW/cm2

T

 

1.1.1.1-2 PCE

10 PCE UV

PCE 40%  

 

 

T  420 nm T  460 nm JSC VOC FF

 

140 15

PCE 40% 140 15 PCE 85%

 T  420 nm  T  460 nm

90  

 

1.1.1.1.4  
P3HT:ICBA B1

 Jsc [mA/cm2] Voc [V] FF [-] PCE [%] 

 8.78 0.843 0.560 4.15 

 0.29 0.024 0.038 0.37 

1.1.1.1-1  P3HT:ICBA ( B1)  

1.1.1.1-2  P3HT:ICBA B1 1sun  
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IV 1.1.1.1-3

60

 

 

 

 

 

1.1.1.1.5  
P3HT:ICBA B1

0.001~1.2sun 1

0.01 2 ND10 FNDU10

1.1.1.1-4 Voc 0.001 0.2 sun

1sun 10 lx

0.01sun 1000 lx  

1.1.1.1-3  B1  
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1.1.1.1.6  

1.1.3.2.1  

 

 

1.1.1.1-4  B1  
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1.1.1.2 B2  

B2

PNTz4T  

 

1.1.1.2.1  
1.1.1.2-1  

 

 

 

 

 

PNTz4T PC61BM  

1. PNTz4T  

2. p/n  1/2 PC61BM  

3. p/n PNTz4T p PC61BM n  

4. PNTz4T 0.4 wt 0.6 wt o-DCB

 

5.  

6. N2  

7. N2 1  

8. 140 10  

 

PFN  

PFN  

1.  PFN-P2  

2.  0.1 wt  

3.   

1.1.1.2-1 B2  

ITO

PEDOT:PSS

PNTz4T:PC61BM

PFN-P2

Al

PNTz4T

PC61BM
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4.  12  

 

O2-plasma  

glass/ITO 2 O2-plasma 150 Pa O2

 

 

PEDOT:PSS  

PEDOT:PSS  

1. PEDOT:PSS  

1. Millipore Hydrophilic PVDF 0.45 m  

2. O2-plasma PEDOT:PSS  

3. 3000 rpm 60  

4. 2-Propanol  

5. 140 10  

 

 

 

1. PEDOT:PSS  

2. 400 rpm 30  

3. O2-plasma  

4.  

5.  

6. 12  

 

PFN  

PFN 2000 rpm

30  

 

 

 

 

 

PFN Al 150 nm

Al 10 Å/s

1  10 4 Pa  
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  80 

C 1  

 

 

1.1.1.2.2  
1.1.1.2-2 B2 J  V 1.1.1.2-1

B2 350 nm Jsc

4 mA/cm2 PCE 5  

 

 

 

 

 

 

102 nm

� 350 nm

1.1.1.2-2  B2 J-V  

Jsc / mA cm�2 Voc / V FF PCE / �

102 nm 10.57 0.736 0.598 4.65

� 350 nm 14.60 0.708 0.559 5.78

1.1.1.2-1 B2  
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1.1.1.3 B3  
B3

PNTz4T B2

 

 

1.1.1.3.1  
1.1.1.3-1  

 

 

 

 

PNTz4T PC61BM  

1.  PNTz4T  

2.  p/n  1/2 PC61BM  

  p/n PNTz4T p PC61BM n  

3.  PNTz4T 0.4 wt o-DCB  

4.   

5.  N2  

6.  N2 1  

7.  120 10  

 

ZnO  

ZnO  

1.  ZnO  

2.  1.5 wt  

3.   

4.   

 

1.1.1.3-1  B3  

ITO

ZnO

PNTz4T:PC61BM

MoO3

Ag

PNTz4T

PC61BM
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O2-plasma  

2 O2-plasma 150 

Pa O2  

 

ZnO  

ZnO  

1.  ZnO  

  5000 rpm 60  

2.  2-Propanol  

3.  200 10  

 

 

 

1.  ZnO  

  400 rpm 30  

2.  O2-plasma  

   

3.   

  12  

 

 

 

 

 

 

MoO3 20 nm

MoO3 0.2 Å/s

1  10-4 Pa  

 

 

MoO3 Ag 100 nm

1  10 4 Pa

Ag 0.5 1 Å/s  

 

 

  80 

1  
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1.1.1.3.2  
1.1.1.3-2 B3 J  V 1.1.1.3-1

B3 B2 FF PCE > 7 %

 

 

 

 

 

 

1.1.1.3.3  
B3 94 1.1.1.3-3 1.1.1.3-2

Jsc

80 1 Jsc

FF  

MoO3 MoO3

80 10 1.1.1.3-3 1.1.1.3-4 MoO3

Jsc MoO3

Jsc B3

MoO3  

1.1.1.3-2  B3 J-V  

1.1.1.3-1 B3  

Jsc / mA cm�2 Voc / V FF PCE / �
15.36 0.735 0.680 7.67 (7.55 � 0.12) 183 nm
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1.1.1.3-3   B3  

1.1.1.3-2 94 80 ��C . 

Jsc / mA cm�2 Voc / V FF PCE / �

14.44 0.736 0.689 7.32 (1.00)

94 12.72 0.741 0.699 6.58 (0.90)

80 �C, 1 h 7.76 0.766 0.586 3.48 (0.48)

1.1.1.3-3 MoO3 . 

Jsc / mA cm�2 Voc / V FF PCE / �

13.09 0.726 0.660 6.27

80 �C, 10 min 12.09 0.745 0.622 5.61

80 �C, 10 min 5.63 0.729 0.587 2.41

1.1.1.3-4   MoO3  
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1.1.1.3.4  
MoO3 PEDOT:PSS

1.1.1.3-5 80 

PCE  5 1.1.1.3-4

MoO3

MoO3  

 

 

 

 

1.1.1.3-5  PEDOT:PSS  

1.1.1.3-4 PEDOT:PSS  

Jsc / mA cm�2 Voc / V FF PCE / �

13.53 0.740 0.632 6.33 (1.00)

80 �C, 1 h 12.60 0.668 0.619 5.21 (0.82)
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1.1.1.4 B4 1-(2)  
1.1.1.4.1  

 

 

 

 

 

 

 

 

1.1.1.4.2  

(CuPc) [1] (DBP) [2]

[3] [4]

(SQ) [5] C60 C70

PC60BM PC70BM  

tetraphenyldibenzoperiflanthene (DBP)

 

(a) p/n (b) p:n

BHJ (c) BHJ p-i-n (d) 

m-i-n  

 

1.1.1.4.3  

5
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1.1.1.4.4  
3 mm

ITO ITO/ 15 /

Lumtec UV-

ITO/ 10-4 

Pa  

p/n ITO / MoO3 (5 nm) / DBP (15 nm) / C70 (40 nm) / BCP (8 

nm) / Al (100 nm) ITO

BHJ p-i-n m-i-n

 

MoO3 DBP C70 BCP Al 3 mm

DBP C70 BCP

 

UV

CEP-2000

J-V

 

 

1.1.1.4.5 (DBP) p/n  
1.1.1.4-1 (Jsc): 5.81 

mA/cm2, (Voc): 0.90 V, (FF): 0.72, (PCE): 3.76%

1.1.1.4-1 DBP p/n PCE: 3.6%

[2]

DBP HOMO (- 5.5 eV) Voc 0.9 V FF 0.7

J-V DBP 15 nm

 

 

ITO glass

8 nm BCP

100 nm Al

40 nm C70

15 nm DBP

5 nm MoO3
0.0 0.2 0.4 0.6 0.8 1.0

-6

-4

-2

0

2

 

 

C
ur

re
nt

 D
en

si
ty

 (m
A/

cm
2 )

Voltage (V)

DBP/C70 cells using
 Normal ITO
 Gold plated ITO

300 400 500 600 700 800
0

10

20

30

40

50
DBP/C70 cells using

 Normal ITO
 Gold plated ITO

 

 

EQ
E 

(%
)

Wavelength (nm)  

 
1.1.1.4-1 DBP p/n J-V  
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1.1.1.4-1 DBP p/n  

Device Jsc
(mA/cm2)

Voc
(V) FF PCE

(%)
Rs

(Ω cm2)
Rsh

(Ω cm2)

p/n type 5.81 0.90 0.72 3.76 10.1 3871
 

 
1.1.1.4.6 DBP p-i-n, BHJ, m-i-n  

p/n p:n

p-i-n, BHJ m-i-n  

 

p-i-n: [ITO/DBP (10 nm)/DBP:C70 (1:x, 30 nm)/C70 (30 nm)/BCP (10 nm)/Al (100 nm)]  

BHJ: [ITO/MoO3 (5 nm)/DBP:C70 (1:9, 60 nm)/BCP (10 nm)/Al (100 nm) ]  

m-i-n: [ITO/PEDOT:PSS(30 nm)/DBP:C70(1:9, 60 nm)/C70 (10 nm)/BCP (10 nm)/Al (100 

nm) ] 

 

 

1.1.1.4-2 DBP p-i-n  

 

 

p-i-n 1.1.1.4-2 DBP C70

1.1.1.4-3 1.1.1.4-2 DBP:C70 1:2 1:8

4.7%

[6]  

 

 

 

1.1.1.4-3 DBP:C70 p-i-n J-V  
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1.1.1.4-2  DBP:C70 weight ratio p-i-n  

Ratios Jsc (mA/cm2) Voc (V) FF PCE%

2:1 4.17 0.89 0.47 1.73

1:1 9.31 0.88 0.50 4.08

1:2 10.26 0.86 0.59 5.19

1:3 9.87 0.83 0.59 4.78

1:4 9.89 0.86 0.56 4.78

1:8 10.02 0.87 0.56 4.85

1:16 9.97 0.87 0.49 4.20
 

 

PEDOT:PSS m-i-n

MoO3 [7]

PEDOT:PSS

1.1.1.4-4  

 

 
1.1.1.4-4 DBP m-i-n BHJ m-i-n J-V  

 

1.1.1.4-3 DBP BHJ m-i-n  

Structure Anode buffer layer 
Jsc 

(mA/cm2) 
Voc (V) FF 

PCE 

(%) 

BHJ 
5 nm MoO3 10.88 0.87 0.59 5.65 

PEDOT:PSS 12.50 0.88 0.57 6.26 

M-i-n 
5 nm MoO3 12.28 0.89 0.58 6.38 

PEDOT:PSS 13.43 0.88 0.59 7.04 

 

DBP MoO3

PEDOT:PSS

[8]
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DBP C70

7 1.1.1.4-3  

ITO/PEDOT:PSS (30 nm)/DBP:C70 (1:9, 60 nm)/C70 (10 nm)/BCP (10 nm)/Al 

(100 nm) DBP:C70  

Jsc = 13.43 mA/cm2, Voc = 0.88 V, FF = 0.59, PCE = 7.04% 

 

 

 

 

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

[2] D. Fujishima et al., Sol. Energy Mater. Sol. Cells, 93 (2009) 1029.  

[3] Y. S. Liu et al., Adv. Energy Mater., 1 (2011) 771. 

[4] T. S. Poll et al., Adv. Mater., 24 (2012) 3646.  

[5] S. Y. Wang et al., Appl. Phys. Lett., 94 (2009) 233304.  

[6] Z. Q. Wang et al., Energy Environ. Sci., 6 (2013) 249.  

[7] Y.-Q. Zheng, et al. Appl. Phys. Lett., 102 (2013) 143304.  

[8] T. Zhuang, T. Sano, J. Kido, Org. Electron., 26 (2015) 415.  
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1.1.1.5 B5  
B5 TR-SCP197

FB5

1.1.4.2 B5

1.2.1  

 

1.1.1.5.1  
1.1.1.5-1  

 

 

 

ITO

1vol%

1vol% ITO

2,000rpm, 60 100 , 30

 

800rpm, 

30sec 80 10

 

PEDOT:PSS 10vol% IPA

1,000rpm, 30

80 10 Ag 1 /sec 150nm

 

Ag

100 30  

1mm

UV :365nm, :60kJ/m2, :100mW/cm2

1.1.1.5-1 B5  
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UV UV

80 60  

 

1.1.1.5.2  
B5 165 12

1.1.1.5-1 1.1.1-13

(WO3) JSC VOC

FF PCE

7/172 4.1%  

 

 Jsc [mA/cm2] Voc [V] FF [-] PCE [%] 
 16.97 0.79 0.625 8.41 

 0.287 0.007 0.010 0.15 
 

 

 

1.1.1.5.3  
UV UV A. 380nm B. 400nm

2 B5

AM1.5G, 100mW/cm2 I-V

40 1.1.1.5-2  

380nm ( B5_380) 100 10%

4200 78% 400nm

( B5_400) 100 20%

1.1.1.5-1 B5  

1.1.1.5-1 B5  
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1000 B5_380 3800

84% 4000 UV

 

UV B5

B5_400 4000 90% UV

UV

UV  

 

 

 

1.1.1.5.4  
B5

IV

1.1.1.5-3

B1 20  

 

 

 

 

 

1.1.1.5-2 B5  

1.1.1.5-3 B5  
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1.1.1.5.5  
B5

0.001~1.2sun 1 0.01

2 ND10 FNDU10 1.1.1.5-4

Voc 0.001 0.3 sun

1sun 10 lx 0.1sun 10000 

lx  

 

 

 

 

 

1.1.1.5.6  

1.1.3.2.1  

 

1.1.1.5-4 B5  
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1.1.1.6 B6  
B6 M1

M1 PCBM Voc

 

 

 

1.1.1.6.1  
1.1.1.6-1  

1.1.1.6-1 B6  

 

 

 

 ITO O2

O2:150kPa 5  

 2 20g/l : : =100:1:1

ITO 3000rpm 30sec  

 
100 30min ZnO

 

 M1+70PCBM 1:2

DIO 98:2 21g/l 800rpm 40sec slope 1sec

ZnO  

 
  

 80 10min  

 0.2 /sec MoO3 4nm  

 0.5 /sec Ag 150nm  

 100 30  

 1mm

 

 :365nm, :60kJ/m2, :100mW/cm2

 

 80 60
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1.1.1.6.2  
1 AM1.5G, 100 

mW/cm2 J-V

15 4 1.1.1.6-1 PCE 6.7% Jsc PCE

1.1.1.6-2 800nm  

 

 

 

1.1.1.6.3  
B6 UV 380 nm UV

2

AM1.5G, 100 mW/cm2 500

J-V J-V

50  

1.1.1.6-3 B5 UV

UV 500 PCE

57  

 

 

1.1.1.6-2  B6 IPCE 

1.1.1.6-1  B6  
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1.1.1.6-3  B6  
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1.1.1.7 B7  
B7 M1

M1 PCBM

Voc

Ag Al

20nm

 

 

1.1.1.7.1  
1.1.1.7-1  

 

 

 

 ITO O2

O2:150kPa 5  

 2 20g/l : : =100:1:1

ITO 3000rpm 30sec  

 
100 30min ZnO

 

 M1+70PCBM 1:2

DIO 98:2 21g/l 800rpm 40sec slope 1sec

ZnO  

 
  

 80 10min  

 0.2 /sec MoO3 4nm  

 0.5 /sec Au 15nm  

 0.2 /sec MoO3 30nm  

 100 30  

 1mm

1.1.1.7-1 B7  
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 :365nm, :60kJ/m2, :100mW/cm2

 

 80 60

 

 

 

1.1.1.7.2  
AM1.5G, 100 mW/cm2

J-V 1.1.1.7-2 PCE 4.6%

1.1.1.7-1 Jsc

1.1.1.7-3 B6 800nm

7 Jsc

 

 

 

Jsc [mA/cm2] Voc [V] FF PCE [%] 

8.94 0.765 0.679 4.64 

 

 

 

 

 

 

 

 

1.1.1.7-2 B7 J-V  

1.1.1.7-1 B7  
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1.1.1.7.3  
1.1.1.7-4

1-R

T 400 700nm

24% 600nm 30%  

 

1.1.1.7-3 B7  

1.1.1.7-4 B7  
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1.1.1.7.4  
B7 UV 380 nm UV

2

AM1.5G, 100 mW/cm2 500

J-V J-V

50  

1.1.1.7-5 B6

 

 

 

 

 

1.1.1.7-5 B7  
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1.1.2
(CEREBA ISIT) 

1.1.2.1 P1  
CEREBA

FTO TiO2

HTM Spiro-OMeTAD Au P1

P1 1.1.2.1-1

1.1.2.1-2 1.1.2.1-3

1.1.2.1-4 P1 500

P1

TiO2

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.1-1 P1  

1.1.2.1-2 P1  
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1.1.2.1-3 P1  

1.1.2.1-4 P1  
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1.1.2.1.1 P1 ( ) 
P1

2Step

Au J-V

1.1.2.1-5 1.1.2.1-6 J-V  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FTO  

 

Au  

1.1.2.1-5  

1.1.2.1-6 J-V  
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4% 11%

SEM XRD

1.1.2.1-1 XRD 1.1.2.1-7

1.1.2.1-8 SEM 1.1.2.1-9 1.1.2.1-10  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 4%  6.7%  8%  11%  
Jsc(mA/cm2) 12.11 14.77 16.54 17.52 
Voc(V) 0.98 1.01 1.01 1.05 
PCE(%) 4 6.7 8 11 
FF 0.34 0.45 0.48 0.60 

1.1.2.1-1  

1.1.2.1-7 XRD  
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1.1.2.1-8 XRD ( ) 

1.1.2.1-9 SEM  
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XRD 12.7 PbI2

14.2 CH3NH3PbI3

PbI2 SEM

CH3NH3PbI3 11%
6.7%

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

11% 6.7%

1.1.2.1-10  

nm  nm  

EQE %  EQE %  
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1.1.2.1.2 P1 ( ) 
XRD PbI2

70 1ppm N2

1.1.2.1-11

1.1.2.1-12 1.1.2.1-13

 
 

 
 
 
 
 

 

 

 

 

1.1.2.1-11  
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1.1.2.1-12  



3-41 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

1.1.2.1-13  
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1.1.2.1.3 J-V  
J-V

0.05V

1sec

J-V  

 

1.1.2.1.4 J-V  
2step 5mm 2mm

1.1.2.1-14 2mm J-V
J-V 1.1.2.1-15 1.1.2.1-2  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5mm 

1.1.2.1-14 5mm PVS 2mm  

1.1.2.1-15 J-V  
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Jsc Voc FF

FF  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.1.2.1-2  
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1.1.2.1.5 FTO  
 
FTO A B 2

2step
1.1.2.1-3 1.1.2.1-4  

 
 
 
 

 A  B  
 8 /  13 /  

FTO  800nm 350nm 
 
 
 
 

1(A ) 2(A ) 3(B ) 4(B ) 

Jsc (mA/cm2) 20.78 19.44 18.8 18.29

Voc(v) 0.94 0.94 0.91 0.86

FF 0.6 0.6 0.63 0.65

PCE(%) 11.7 10.9 10.7 10.5  

 
A B 10 A Jsc
Voc B FF

P1 FTO A B
 

 
 

 

 

 

 

 

 

 

 

 

1.1.2.1-3 FTO  

1.1.2.1-4 FTO  
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1.1.2.1.6 P1 (10mm ) 

FTO 1.1.2.1-4

10mm

1.1.2.1-16 J-V 1.1.2.1-17

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.1-16 3.2

5mm 10%

5mm Au

1.1.2.1-17 1.1.2.1-18 J-V  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.1-16 10mm  

1.1.2.1-17 10mm J-V  

1.1.2.1-17  

1.1.2.1-18  
J-V  
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Au 6.2

31

FTO 7.6%

1.1.2.1-19 1.1.2.1-20 J-V

1.1.2.1-5  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.1-19  1.1.2.1-20 J-V  

1.1.2.1-5  
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10mm P1 1.1.2.1-21

Au Au

Al

1.1.2.1-22

J-V 1.1.2.1-6  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.1-21 10mm  

1.1.2.1-22 10mm P1 J-V  

1.1.2.1-6  
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1.1.2.1.7 P1 (1Sun 72 ) 
P1 1Sun

1.1.2.1-7 1.1.2.1-23 1.1.2.1-24  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Jsc 

[mA/cm2] 

Voc 

[V] 

FF PCE 

[%] 

Forward 16.06 0.95 0.47 7.23 

Reverse 16.32 0.96 0.52 8.22 

1.1.2.1-23  P1  
(A)Jsc (B)Voc (C)FF (D)PCE 

1.1.2.1-7  P1 I-V  
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UV

UV

 

 

1.1.2.1.8 P1 (Long Time ) 
P1 1.1.2.1-25

 

 

 

1.1.2.1-25  P1 Long Time  
(A)Jsc (B)Voc (C)FF (D)PCE 

1.1.2.1-24  P1  
( )UV  
( ) UV  
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1.1.2.2 P2  
CEREBA 500 P1

13 500

150 P2

P2 to

1 (1Step )

1.1.2.2-1 P2 1.1.2.2-2 P2

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.2-1 P2  

1.1.2.2-2 P2  
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1.1.2.2.1 PbI2 CH3NH3I(MAI) DMF  

P1 PbI2 CH3NH3I(MAI) DMF 1

PbI2 CH3NH3I(MAI)

1:3 DMF 9wt% 20wt% 2

2 1.1.2.2-3 1.1.2.2-4 PEDOT

20wt% PVS 1.1.2.2-5 FTO

500  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.2-3  

1.1.2.2-4  
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FTO 20wt% 4%

ITO/PEDOT SEM PVS

PbI2+MAI PVS

Cl [1]  

 

1.1.2.2.2 PbI2 CH3NH3I(MAI) CH3NH3Cl(MACl)DMF  
 

MAI PbCl2 [1] PbCl2

PbCl2 MACl PbI2

CH3NH3I(MAI) CH3NH3Cl(MACl) 3

DMF1ml mol PbI2:MAI:MACl 1:1:1 1.1.2.2-6

1.1.2.2-1 PVS 1.1.2.2-7 J-V 1.1.2.2-8

SEM 1.1.2.2-9 XRD 1.1.2.2-10  

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.2-5 SEM  

1.1.2.2-6  
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1.1.2.2-1  

1.1.2.2-7  

1.1.2.2-8  
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PVS  

ITO 

PVS 

PCBM 

Al 

1.1.2.2-9 SEM  

1.1.2.2-10 XRD  

2  
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3 1.1.2.2-7

PVS SEM PVS

C60 PCBM Al

XRD 2 (2step )

PbI2 PVS

PVS PCE 0.5%

PVS C60 PCBM PVS

Al

PVS PVS

20wt% 30wt% 1.1.2.2-8

5%

3%

J-V 1.1.2.2-9  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.2-8 30%  

1.1.2.2-9 30% ( ) 
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1.1.2.2.3 PbCl2 CH3NH3I(MAI) DMF  

PbCl2 1step PbCl2

CH3NH3I(MAI) DMF PbCl2 CH3NH3I(MAI)

40wt%DMF PCBM 4.3wt%

1.1.2.2-10 1.1.2.2-2 1.1.2.2-11

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.2-10  

1.1.2.2-2  

1.1.2.2-11  
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3 PCE 0.4

PbCl2

PbCl2 99% 99.999%

99% 1.1.2.2-12 99.999%

1.1.2.2-13  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PbCl2

99%  

 

 

 

 

 

 

 

 

 

1.1.2.2-12 PbCl2 99%  

1.1.2.2-13 PbCl2 99.999%  
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1.1.2.2.4 P2  

PbCl2 CH3NH3I(MAI) 1step PCE 4%

1.1.2.2-14 1.1.2.2-3

1.1.2.2-15 1.1.2.2-16  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.2-14  

1.1.2.2-3  

1.1.2.2-15  
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1.1.2.2-17 N2 BOX J-V

4

2%  

N2 BOX 30 1.1.2.2-18

1.1.2.2-19 N2 BOX

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.2-16  

1.1.2.2-17 N2 BOX  
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1.1.2.2.5 P2  

Al Al

Ag Au 3 1.1.2.2-20

1.1.2.2-20 Al

PVS

Ag Au PEDOT

Ag  

 

 

 

 

 

 

 

 

 

1.1.2.2-18 N2 BOX  

1.1.2.2-19 N2 BOX 30min  
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1.1.2.2.6  

PVS PbCl2

CH3NH3I(MAI) DMF

1.1.2.2-21

DMF 1

1.1.2.2-22

PVS SEM PVS

 

 

 

 

 

 

 

 

 

 

1.1.2.2-20  
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1.1.2.2-21  

1.1.2.2-22 SEM  
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Al Ag PVS

1.1.2.2-4

1.1.2.2-23 J-V  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8 4.5% 6%

Ag Al Ag FF

Jsc  

 

 

 

 

 

 

 

m117-d m117-c -a m117-b 

m114-d m114-c -a m114-b 

m117-dm117-c-a m117-b

m114-dm114-c-a m114-b

1.1.2.2-4  

1.1.2.2-23 m117-a  
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1.1.2.2.7  

1.1.2.2-24

1.1.2.12-5 1.1.2.2-25

40%  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.2-24  

1.1.2.2-5  
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Jsc Voc FF 5% 8

60

1.1.2.2-6 1.1.2.2-26 1.1.2.2-27 28 29

40% 60 SEM XRD

 

 

 

 

 

 

 

 

 

 

 

 

 

YM01                             YM02  

 

 

 

 

 

 

 

 

 

 

1.1.2.2-25  

1.1.2.2-6  

1.1.2.2-26  
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1.1.2.2-27 SEM  

1.1.2.2-28 XRD 

60% 

60% 

40% 

40% 
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60

40 60

SEM 60

40

XRD 40

60 60

2

40  

 

 

1.1.2.2.8 P2  

PEDOT P2 1Sun 1.1.2.2-7

1.1.2.2-30 PEDOT

PEDOT P2 (

) PEDOT

( ) 1Sun

PEDOT P2

 

 

 

 

 

 

1.1.2.2-29 PVS  
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[1] Adam Pockett, Giles E. Eperon, Timo Peltola, Henry J. Snaith, Alison Walker, Laurence M. 

Peter, and Petra J. Cameron, The Journal of Physical Chemistry C 2015 119 (7), 3456-3465. 

 

 

 

 

 

 

 

 

 

1.1.2.2-7 1Sun  

1.1.2.2-30 P2 1Sun  
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1.1.2.3 P3 P3B  
P2 ITO 150 PEDOT

HTM

P N N

P P3 P3B

ITO 120 TiO2

1.1.2.3-1 P3 P3B

P3 P3B P3

P2 30 40

2014 Seok CH3NH3I PbI2 DMSO

[1]

P3B

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.3-1  P3 P3B  
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1.1.2.3.1 P3 P3B  
P3 P3B 42mm 42mm 1sun

26mm 28mm Multi-sun 2

1.1.2.3-2 1.1.2.3-3 1sun Multi-sun

42mm 42mm 7mm 4

26mm 28mm 2mm 2 3mm 4mm 2

 

 

 

1.1.2.3-2 P3 P3B 1sun  



3-71 

 

 

1.1.2.3.2 P3  
1.1.2.3-4 0.7mm ITO

ALD TiO2 20nm

1step PbCl2 CH3NH3I MAI DMF

HTM Spiro-OMeTAD

Au

EL

UV

 

 

 

1.1.2.3-3 P3 P3B Multi-sun

1.1.2.3-4  P3  
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1.1.2.3.3 P3  
1.1.2.2 PEDOT P2

P3

TiO2

n TiO2 P1

/n / /p / TiO2

EB P3

R2R

10m/s

PE-ALD P3 1sun 72

1.1.2.3-5 6%

P2  

 

 

1.1.2.3-5  P3 1sun 72  
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1. HTM Spiro  

P3 HTM Spiro-OMeTAD Spiro-OMeTAD

Spiro-OMeTAD 72.3g LiTFSI

9.1g Co(4-tButylpyridyl-2-1H-pyrazole)3 3TFSI 8.7mg 1mL

TBP 28.8 L 2 HTM

4000rpm  

1.1.2.3-6 1.1.2.3-1 HTM  

 

 

 1 HTM  2 HTM2  3 HTM  
 (- +) (+ -) (- +) (+ -) (- +) (+ -) 

JSC(mA/cm2) 20.21 19.43 20.99 20.81 20.07 18.75 

VOC(V) 1.00 0.97 1.02 1.05 0.98 1.00 

FF 0.55 0.47 0.50 0.57 0.43 0.51 

PCE(%) 11.2 9.0 10.6 12.4 8.4 9.6 

Rs( ) 13.19 13.15 17.13 13.58 14.76 12.85 

Rsh( ) 2047.08 1506.07 2195.12 9877.41 210.42 849.75 

 

1.1.2.3-6   P3 HTM  

 2  

1/2  

1.1.2.3-1  P3 HTM  
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2

FF

HTM SEM 1.1.2.3-7  

 

 

2. HTM  

P3 HTM Spiro-OMeTAD

Spiro-OMeTAD LiTFSI

P3 HTM

p P3HT

P3HT 20 10 5mg/ml 3

2000rpm J-V 1.1.2.3-8

1.1.2.3-2 1.1.2.3-9  

 

1.1.2.3-7  HTM P3 SEM 

 

2   
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 (1)P3HT 
 20 mgmL-1 

(2)P3HT  
10 mgmL-1 

(3)P3HT 
 5 mgmL-1 (4)ref. 

   
(-→+) 

 
 (+→-) 

  
(-→+) 

  
(+→-) 

 
 (-→+) 

 
 (+→-) 

  
(-→+) 

 
 (+→-) 

JSC (mA/cm2) 14.86 12.27 17.42 14.42 6.57 12.65 21.12 20.22 
VOC (V) 0.86 0.90 0.80 0.84 0.50 0.47 1.05 0.98 

FF 0.25 0.33 0.28 0.33 0.08 0.19 0.61 0.46 
PCE (%) 3.2 3.7 3.9 4.0 0.2 1.1 13.6 9.2 
Rs (Ω) 52.34 43.92 28.61 25.79 23.17 24.57 11.43 14.24 

Rsh (Ω) 58.93 323.66 69.09 239.50 20.96 - 3976.83 5498.72 
 
 

1 P3HT 20mgmL
-1

 2 P3HT 10mgmL
-1

 

3 P3HT 5mgmL
-1 4 Spiro ref  

1.1.2.3-8  HTM P3HT P3 J-V  

1.1.2.3-9  HTM P3HT P3  

1.1.2.3-2  HTM P3HT P3 J-V  
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Ref Spiro P3HT 1.1.2.3-9

Spiro ref P3HT

P3HT

P3HT

Au

P3HT

 

 

3. PE-ALD TiO2  

P3 PE-ALD TiO2

TiO2

TiO2 P3  

 

ALD TiO2  

ALD TiO2 1.1.2.3-10

1.1.2.3-3  

 

 

 (- +) (+ -) 

JSC(mA/cm2) 20.48 16.81 
VOC(V) 1.13 0.96 
FF 0.54 0.38 
PCE(%) 12.64 6.10 
Rs( ) 10.35 12.68 
Rsh( ) 2818.97 219.14 

 

 

 

 

1.1.2.3-10  ALD TiO2  

1.1.2.3-3  ALD TiO2  



3-77 

 

PE-ALD  

 

TiO2  

3inch TiO2 300W Ar 10sccm

O2 2sccm 23min 18nm 1.1.2.3-11

1.1.2.3-4  

 

 

 (- +) (+ -) 

JSC(mA/cm2) 19.47  20.30  
VOC (V) 0.97  0.96  
FF 0.42  0.45  
PCE(%) 7.8  8.7  
Rs( ) 17.33  14.39  
Rsh( ) 223.29  1660.42  

 

PE-ALD TiO2

PE-ALD

 

 

1.1.2.3-11  TiO2 J-V  

1.1.2.3-4  TiO2  
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1.1.2.3.4 P3  
J-V  

P3 J-V 1.1.2.3-5 1.1.2.3-12

J-V J-V

J-V CEREBA

0.05V 1sec  

 

 

 

   
(-→+) 

 
 (+→-) 

JSC (mA/cm2) 20.76 20.12 
VOC (V) 1.15 1.07 

FF 0.63 0.51 
PCE (%) 15.17 10.94 
Rs (Ω) 2.8E+01 3.1E+01 

Rsh (Ω) 1.2E+04 3.3E+03 
 

 

J-V Forward 15.17% Reverse 10.94%

JSC

FF VOC

 

 

1.1.2.3-12  P3 J-V  

1.1.2.3-5   P3 J-V  
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IPCE  

P3 1.1.2.3-13  

 

 

P3 Pb 800nm

800nm 90

 

 

SEM  

P3 SEM 1.1.2.3-14

SEM 1.1.2.3-15 1.1.2.3-16

 

 

0
10
20
30
40
50
60
70
80
90

100

(%
)

(nm)

IPCE

1.1.2.3-13  P3  

1.1.2.3-14  P3 SEM  
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XRD 

1.1.2.3-17 ITO PE-ALD TiO2 20nm XRD

PE-ALD TiO2

glass/ITO 36 ITO

1.1.2.3-18 TiO2 90 250

90 TiO2 90

30min TiO2

250 30min 25

 

 

 

1.1.2.3-15  SEM  

1.1.2.3-16  SEM  
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1.1.2.3-17  /ITO PE-ALD TiO2 20nm XRD  

1.1.2.3-18  TiO2 90 250 XRD  
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LBIC 

1.1.2.3-19 P3 LBIC LBIC

488nm Att 9.97 5mm/s 3721

 

 

 

OBIC 

1.1.2.3-20 P3 OBIC  

 

 

 

 

1.1.2.3-19 P3 LBIC  

1.1.2.3-20  P3 OBIC  
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1.1.2.3.5 P3B  
P3 30 40

2014 Seok CH3NH3I PbI2

DMSO

[1]  

P3B

1.1.2.3-21 P3B 40  

 

 

 

 

 

 

 

 

 

 

1.1.2.3-21 P3B  
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1.1.2.3.6 P3B  
P3B CH3NH3PbI3

PbI2(33.55mg) CH3NH3I(11.53mg)

 (0.86mL) 8/7 6/7

5000rpm

8/7 6/7

8/7 8/7

4000rpm, 3000rpm, 2000rpm, 1000rpm

 

1.1.2.3-22 1.1.2.3-6  

 
 

  
 8/7  8/7  

 6/7  6/7 
  

(-→+) 
 

(+→-) 
 

(-→+) 
 

(+→-) 
 

(-→+) 
 

(+→-) 
 

(-→+) 
 

(+→-) 
JSC (mA/cm2) 18.17 18.36 18.33 18.53 18.90 18.90 16.89 16.95 

VOC (V) 0.95 1.00 0.92 0.98 1.01 1.03 0.99 1.01 
FF 0.52 0.59 0.52 0.60 0.56 0.60 0.56 0.611 

PCE (%) 8.93 10.89 8.70 10.90 10.72 11.66 9.40 10.45 
Rs (Ω) 3.3E+1 2.8E+1 3.0E+1 2.5E+1 2.7E+1 2.4E+1 2.7E+1 2.5E+1 

Rsh (Ω) 2.2E+3 3.2E+4 1.9E+3 2.4E+4 4.0E+3 6.2E+4 8.9E+3 2.4E+4 
 

1.1.2.3-6  

1.1.2.3-22  
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JSC VOC

PCE JSC

VOC PCE  

SEM 1.1.2.3-25  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.3-23 SEM  
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150nm( ) 170nm( 8/7) 100nm( 6/7)

 
4000rpm, 3000rpm, 2000rpm, 1000rpm

1.1.2.3-26  

 
 

 
4000rpm, 3000rpm, 2000rpm, 1000rpm

SEM 1.1.2.3-25  

 

1.1.2.3-24  

1.1.2.3-25 SEM  
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220nm(4000rpm) 240nm(3000rpm) 260 420nm(2000rpm)

350 640nm(1000rpm) 2000rpm 1000rpm

 

 
1.1.2.3.7 HTM  

P3B HTM Spiro-OMeTAD Spiro-OMeTAD

Spiro-OMeTAD(72.7mg) LiTFSI(9.8mg)

Co(4-tButylpyridyl-2-1H-pyrazole)3 3TFSI 8.7mg (1.0mL) TBP(28.8

L) 3/4 1/2 1/4 HTM

4000rpm  

1.1.2.3-26 1.1.2.3-7 HTM  

 

  3/4  1/2 1/4 
   

(-→+) 
 

 (+→-) 
  

(-→+) 
  

(+→-) 
 

 (-→+) 
 

 (+→-) 
  

(-→+) 
 

 (+→-) 
JSC (mA/cm2) 18.51 18.45 16.78 16.83 15.26 16.67 18.09 15.52 

VOC (V) 1.03 1.05 1.03 1.04 0.98 1.00 1.06 1.01 
FF 0.56 0.60 0.55 0.60 0.22 0.31 0.46 0.52 

PCE (%) 10.62 11.61 9.40 10.45 3.36 5.17 8.72 8.13 
Rs (Ω) 3.3E+1 3.0E+1 4.0E+1 3.6E+1 1.7E+1 1.1E+3 4.7E+1 4.0E+1 

Rsh (Ω) 4.2E+3 3.7E+4 5.6E+3 1.2E+5 2.8E+2 1.1E+3 2.1E+3 1.2E+4 

1.1.2.3-26 HTM  

1.1.2.3-7 HTM  
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1/2

FF 1/2

1/2

 

HTM SEM 1.1.2.3-27  

 

 

 

190nm( ) 150nm( 3/4) 80nm( 1/2)

60nm( 1/4)  

 

1.1.2.3.8 HTM  
P3B HTM Spiro-OMeTAD

P3B HTM P CuSCN

PTAA CuSCN n-Propyl disulfide

Slope 4sec 2000rpm 26sec Slope 4sec 500rpm 26sec

2 PTAA PTAA(10.0mg) LiTFSI(1.7mg) Toluene(1.0mL) TBP(5uL)

3000rpm 30sec PTAA

 

1.1.2.3-27 HTM SEM  
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CuSCN J-V 1.1.2.3-28 1.1.2.3-8  

 

 

 Spiro CuSCN (2000rpm) CuSCN (500rpm) 
   

(-→+) 
 

 (+→-) 
  

(-→+) 
  

(+→-) 
 

 (-→+) 
 

 (+→-) 
JSC (mA/cm2) 18.44 18.43 18.18 18.28 17.17 14.91 

VOC (V) 0.99 1.02 0.84 0.86 0.82 0.81 
FF 0.55 0.62 0.39 0.50 0.43 0.45 

PCE (%) 10.09 11.57 6.02 7.86 6.06 5.46 
Rs (Ω) 3.1E+1 2.7E+1 4.3E+1 3.7E+1 2.9E+1 2.7E+3 

Rsh (Ω) 4.8E+3 4.7E+4 1.3E+3 2.8E+3 9.1E+3 4.5E+2 
 

 

Spiro CuSCN VOC

Rsh JSC 2000rpm 20nm

PVS

 

1.1.2.3-28 CuSCN  

1.1.2.3-8  CuSCN  
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PTAA J-V 1.1.2.3-29 1.1.2.3-9  

 

 Spiro PTAA PTAA 
(Li TBP  

PTAA 
(Li TBP  

   
(-→+) 

 
 (+→-) 

  
(-→+) 

  
(+→-) 

 
 (-→+) 

 
 (+→-) 

  
(-→+) 

 
 (+→-) 

JSC (mA/cm2) 18.44 18.43 18.99 19.06 0.62 2.09 1.07 2.53 
VOC (V) 0.99 1.02 0.99 1.00 0.59 0.71 0.59 0.65 

FF 0.55 0.62 0.44 0.55 0.09 0.08 0.11 0.10 
PCE (%) 10.09 11.57 8.19 10.43 0.03 0.12 0.07 0.17 
Rs (Ω) 3.1E+1 2.7E+1 1.2E+2 8.2E+1 1.3E+4 1.3E+4 1.0E+4 1.8E+4 

Rsh (Ω) 4.8E+3 4.7E+4 2.7E+3 1.9E+4 7.9E+2 2.5E+2 5.6E+2 2.5E+2 
 

Spiro PTAA JSC

Rs PTAA

 

 
 

[1] Jeon, N. J. et al. Nature Mater. 13, 897–903 (2014) 

1.1.2.3-29 PTAA  

 1.1.2.3-9  PTAA
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1.1.2.4 P4  
20

RoHS

Sn Sb Bi

1.1.2.4-1 Sb Sb2O3 RoHS

Sn Bi  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.4-1  
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1.1.2.4.1  Sn  
Pb 22 Sn

Sn

1.1.2.4-2 Pb

2014 Oxford Snaith 6.4

Sn [1] H28 6  

 

 

 

 

 

 

Sn  

 

Pb  

 

Sn 4  

 

Snaith Pb 8 10

Sn 0 6

Snaith Sn

1.1.2.4-2

Sn 4 Sn

2 2

4 4

Pb 2

4 1.1.2.4-3 14

1.1.2.4-1 Sn 4  

1.1.2.4-2 Sn



3-93 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.4-1 Sn 4  

CX2

CX4 CF4 CCl4 CBr4 CI4

SiX2

SiX4 SiF4 SiCl4 SiBr4 SiI4

GeX2 GeF2 GeCl2 GeBr2 GeI2

GeX4 GeF4 GeCl4 GeBr4 GeI4

SnX2 SnF2 SnCl2 SnBr2 SnI2

SnX4 SnF4 SnCl4 SnBr4 SnI4

PbX2 PbF2 PbCl2 PbBr2 PbI2

PbX4 PbF4 PbCl4

50Sn [Kr]4d105s25p2

82Pb [Xe]4f145d106s26p2

14Si [Ne]3s23p2

32Ge [Ar]3d104s24p2

6C [He]2s22p2

1.1.2.4-3 14  
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1.1.2.4.2 Sn ( P4) 
DMSO SnF2 0.6

Sn Pb

P3B Sn

FTO/C-TiO2/meso-TiO2/Sn-PVS/PTAA/Au 1.1.2.4-2

1.1.2.4-3 1.1.2.4-4 CH3NH3SnI3

CH3NH3PbI3 1000nm

P4  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.4-2  

1.1.2.4-3  

1.1.2.4-4  
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1.1.2.4.3  P4  
Snaith Sn

CEREBA 144

1.1.2.4-5 Snaith

CEREBA

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.4.4  P4 1sun  
Sn

1Sun Sn

P4 1sun

1.1.2.4-6 1.1.2.4-7 1.1.2.4-6 20

500 1.2.1-7

500 1sun

500 1sun

Sn

EL Sn

 

 

 

 

 

1.1.2.4-5  
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1.1.2.4-6 1sun  

1.1.2.4-7 1sun
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1.1.2.4.5 Appendix 

1.1.2.4.5.1 CH3NH3SnI3  

Sn SnI2

4 SnI4

4

SnI4

143 SnI2 320

4 SnI4 2

SnI2 1.1.2.4-8

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.4-8  
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K SnI2 270 MAI 140

SnI2 MAI SnI2

SnI4 30min

 

 

1.1.2.4.5.2  

ITO/PEDOT/ CH3NH3SnI3/PCBM/Ag 1.1.2.4-9

0.8

1.2

1.1.2.4-10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo FWD   
Jsc 7.85 9.85 

Voc 0.32 0.31 

FF 0.32 0.39 

PCE 0.79 1.17 

Rs 5.56 6.01 

Rsh 78.09 75.62 

1.1.2.4-4  

1.1.2.4-9   
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1.2 0.3

 

 

1.1.2.4.5.3 1sun  

CH3NH3SnI3 1sun 1

1.1.2.4-11 1.1.2.4-12 1sun 1 Voc

Jsc IPCE 1sun

1sun XRD 1.1.2.4-13

1sun XRD  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.4-10 IPCE 

1.1.2.4-11 1sun
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1.1.2.4.5.4 Seok  

Seok Formamidinium Sn [2]

4.8

FTO/C-TiO2/m-TiO2/FASnI3/Spiro/Au CEREBA MA

FA SnF2 Pyrazine

1.1.2.4-14 IPCE 1.1.2.4-15

1.9 Pyrazine

IPCE FA MA

920nm  

 

 

 

 

1.1.2.4-12 1sun IPCE  

1.1.2.4-13 1sun XRD 
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1.1.2.4.5.5 HTM  

CEREBA Pb HTM Spiro PTAA

HTM Spiro PTAA

HTM

HTM 65 5min

Spiro 75 30min

1.1.2.4-5 1.1.2.4-6 Spiro

PTAA 65 5min

PTAA 65 5min

 

1.1.2.4-14 FASnI3  

1.1.2.4-15 FASnI3 MASnI3
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1.1.2.4.5.6 SnI2  

Sn 2 4 SnI2

(Trace metal basis) SnI2 SnI4

A SnI2

ref B

1.1.2.4-7 1.1.2.4-16 J-V Jsc

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.4-5 HTM  

1.1.2.4-6 Spiro PTAA  

1.1.2.4-7 SnI2  
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1.1.2.4.5.7  

SnI2 4

DMSO

DMSO

N2 30min 1.1.2.4-8

1.1.2.4-9

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample SnI2 DMSO toluene 

ref - - - 

 - -  

DMSO  -  - 

1.1.2.4-16  

A SnI2 B SnI2 

1.1.2.4-8  
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1.1.2.4.5.8  

CH3NH3SnI3 Voc Sn-PVS

Huang [3] PVS

PVS

ODCB

6000rpm

ODCB PVS ODCB

1.1.2.4-10

1.1.2.4-11 1.1.2.4-17 J-V ODCB

ODCB

Ref

1.1.2.4-18

CH3NH3SnI3 SEM

 

 

 

 

 

 

 

 

 

1.1.2.4-9  
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1.1.2.4-10  

1.1.2.4-11  

1.1.2.4-17 J-V  

1.1.2.4-18 CH3NH3SnI3 SEM  

YM04 
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1.1.2.4.5.9 HTM  

Sn-PVS HOMO HTM PTAA

HOMO PTAA HOMO

P3HT MoO3 PCPDTBT TODT-TTF HTM

P3HT PVS

65 30min

1.1.2.4-11 1.1.2.4-11 PTAA P3HT

P3HT 1.1.2.4-12

P3HT PTAA PCPDTBT

1.1.2.4-13

TODT-TTF Ref PTAA

HTM HOMO PTAA 5.17eV P3HT 4.75eV

PCPDTBP 5.3eV TODT-TTF 5.05eV  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.4-11 HTM 1  

1.1.2.4-12 HTM 2  
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1.1.2.4.5.10 SnF2  

CH3NH3SnI3 1.1.2.4-19 SnF2

20mol SnF2

SnF2

10mol 20mol 30mol

1.1.2.4-14 meso-TiO2

Sn 4 PVS

meso-TiO2 200 1hr

20mol

PVS Ref

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.4-13 HTM 3  

1.1.2.4-19 SnF2  
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1.1.2.4-14 SnF2  
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1.1.2.4.5.11  
 

PVS 60 1hr

100 5min

[4] CEREBA

1.1.2.4-15 100

5min Ref 60 1hr

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.4-15  
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1.1.2.4.5.12 CsSnIBr2  

A MAI

Cs CsSnBr3

CsBr DMSO SnBr2 CsI

CsSnIBr2 CH3NH3SnI3

FTO/C-TiO2/m-TiO2/ CsSnIBr2/PTAA/Au 1.1.2.4-16

ref CH3NH3SnI3 1.1.2.4-20 J-V 1.1.2.4-21

IPCE ref Jsc Voc FF

ref IPCE 760nm

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.4-16 CsSnIBr2  

1.1.2.4-20 CsSnIBr2 J-V  

CsSnIBr2  CH3NH3SnI3  
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[1] Nakita K. Noel et al., Energy Environ. Sci., 2014,7, 3061-3068. 
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1.1.2.4-21 CsSnIBr2 IPCE  
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1.1.2.5 P5  
CEREBA FTO

TiO2 P1

150℃ HTM PEDOT

P2 ETM ALD 120℃

TiO2 P3 P4 4

1Sun+

1Sun

Sun

28 NIMS NiO HTM

NIMS NiO

150℃ HTM

CEREBA NiO

1.1.2.5-1 TiO2 P3B

NiO 1Sun+70℃ P3B

1 NiO 100hr

7 NiO TiO2

1Sun

1Sun+70  

 
 
 

1.1.2.5-1  P3B NiO  
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1.1.2.5.1 NiO
NiO

CFS-4EP-LL

99.9 NiO Ar

O2 O2

O2 Ar

Ar 12sccm 1.5Pa RF Power

200W 4min 20nm

1.1.2.5-2 1.1.2.5-3

1.1.2.5-3  NiO  

1.1.2.5-2   
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1.1.2.5.2 NiO HTM  
1.1.2.5.1 NiO

P3B PbI2 MAI DMSO

1.1.2.5-4

1.1.2.5-1

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.5-4  NiO  

1.1.2.5-1  NiO  
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1.1.2.5.3 P5  
P5 P1 P2 P3

1Sun+75 100hr

300hr 1.1.2.5-5 P5

10.5 300hr

5.9 55.7

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.5-2

1.1.2.5-6 OBIC 1.1.2.5-7

4 NO1 UV

NO2 400nm NO3 380nm

NO4 1.1.2.5-5

380nm NO3  

 

 

 

 

 

 

 

 

 

 

1.1.2.5-5 1Sun+75 300hr  

1.1.2.5-2 1Sun+75 300hr  
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1.1.2.5-6 1Sun+75 300hr OBIC  

1.1.2.5-7 1Sun+75 300hr  
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OBIC 1

NO1 NO3

7mm 6mm

Ag NiO

1.1.2.5-3

1.1.2.5-8  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.5-3 NiO  

1.1.2.5-8 NiO  
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1.1.2.5-3 Ref 20nm 5nm 2.5nm

40nm Ref

1.1.2.5-8 1Sun 75 NiO

100hr

2.5nm 94 5nm 89 Ref 20nm 74 40nm 60

1.1.2.5-3 1.1.2.5-8 0hr

24hr 1Sun+45

1sun+75  

 

1.1.2.5.4 Appendix 
1.1.2.5.4.1 NiO  

2017 5 NIMS Islam 1 NiO

3.5Pa

Ref 20nm

1.1.2.5-4 1.1.2.5-9  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.5-4  
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Ref 1.5Pa 3.5Pa 5Pa

CEREBA

Ref 1.5Pa Ref

NiO SEM 1.1.2.5-10

3.5Pa

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.5-9 J-V  

1.1.2.5-10 NiO SEM  
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1.1.2.5.4.2  
Islam PCBM BCP AZO

1Sun+85 1000hr 73%

AZO 1.1.2.5-11

AZO Nano-grade N-21X TiO2

Han 2 Titanium isopropoxide

1.1.2.5-5 1.1.2.5-12  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.5-11  

1.1.2.5-5  
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Ref BCP TiO2

AZO Ref

60PCBM 70PCBM Ref 60PCBM

1Sun+45 1.1.2.5-13 22hr

1Sun 75 1.1.2.5-14 1Sun 75

380nm

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.5-12  

1.1.2.5-13 1Sun+45  
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AZO TiO2 BCP Islam AZO

CEREBA AZO

1.1.2.5-15 TiO2 BCP

AZO

SEM 1.1.2.5-16  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.5-14 1Sun+75  

1.1.2.5-15 1Sun+75  
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BCP TiO2 AZO

AZO

SEM 1Sun

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.5-16 1Sun+75 SEM  

BCP AZO TiO2 

BCP AZO TiO2 

1Sun  

1Sun ( ) 
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1.1.2.5.4.3 BCP  
BCP

BCP 1.1.2.5-6

1.1.2.5-17  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BCP 8% FF J-V S

BCP UV 1Sun

380nm 1.1.2.5-18  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.5-6 BCP  

1.1.2.5-17 BCP  

1.1.2.5-18 BCP  
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UV BCP

Jsc BCP

 

 

1.1.2.5.4.4  
Grätzel [3]

A MA FA+MA Cs+Rb

1Sun+85 500hr 95%

HTM NiO

FA MA Cs

1.1.2.5-19 1.1.2.5-7  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Jsc

MA MA

MA 1Sun+65

1.1.2.5-20

CsFAMA MA

 

1.1.2.5-19 MA MA FA Cs J-V  

Cs(MAFA)Pb(IBr)3 MAPbI3

1.1.2.5-7 MA MA FA Cs  
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1.1.2.5.4.5  
NiO P5 Jsc

Jsc

Ag

Ag 20nm

1.2.1-8 1.1.2.5-21

1.1.2.5-22 1.1.2.5-9 1Sun 75 Ref

Ag

150nm Ref  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.5-20 MA MA FA Cs  

1.1.2.5-21  
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1.1.2.5-8  

1.1.2.5-22 (1Sun+75 ) 

1.1.2.5-9 (1Sun+75 ) 
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IPCE 1.1.2.5-23 24

IPCE

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.5.4.6 Ag Au  
P5 1Sun+75 Jsc Ag

Ag Ag Au

1.1.2.5-25 Ag 1Sun+45 SEM

1.1.2.5-26 Ag-Au  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.5-23 IPCE 

1.1.2.5-24
 

1.1.2.5-25 1Sun+45 SEM  
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1.1.2.5-25 Ag

1Sun+75 Ag

 

 

1.1.2.5.4.7 PCBM  
Gratzel 4

PCBM 1Sun+75

PCBM PCBM

Ref 20mg/mL

1.1.2.5-10 1Sun+75 1.1.2.5-27 PCBM

1.1.2.5-27 2

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.5-26 Ag-Au 1Sun+75  

1.1.2.5-10 PCBM  
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1.1.2.5.4.8 MACl  

Islam 1 PbI2 MAI

MACl MACl

CEREBA PbI2 MAI

AZO

Islam CEREBA

MACl 2

1.1.2.5-28 29 1Sun+45 1Sun+75

1.1.2.5-30 31 1.1.2.5-32  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2.5-27 PCBM 1Sun+75  

1.1.2.5-28 Islam  
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1.1.2.5-29 CEREBA MACl  

1.1.2.5-30 1Sun+45  

1.1.2.5-31 1Sun+75  

1.1.2.5-32 1Sun+75  
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Islam CEREBA 10 1Sun+45

Islam 1Sun 75

Islam 5 CEREBA 40

CEREBA Cl AZO

1.1.2.5.4.2 Islan
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1.1.2.6 / ( ) 
1.1.2.6.1  

20 [1-7]

 

 

(ⅰ) TiO2 500℃  

(ⅱ)  

(ⅲ)  

(ⅳ)  

(ⅴ)  

 

 

(1)  

(2)  

(3)  

(4)  

(5)  

 

HIT

EL

TiO2

6,7) compact 

TiO2

 

 

1.1.2.6.2 compact TiO2  
porous TiO2 

Li Spiro-OMeTAD 

porous TiO2 500℃

(FTO)

Spiro-OMeTAD 

500℃
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ITO 300℃ compact TiOx n 

P3HT p 

 

 

1.1.2.6.2.1  

ITO Titanium(Ⅳ) isopropoxide 

300℃ compact TiOx CH3NH3I 

PbCl2 DMF CH3NH3PbI3-xClx

300 nm 1 90℃ 2 

P3HT P3HT 20  60 nm 

Ag

 

 

1.1.2.6.2.2  

P3HT 40 nm (FF)

(Jsc)  20.0 mA/cm2 10.4% P3HT J-V 

EQE FF Jsc 

P3HT 20 nm

 

porous TiO2 

compact TiOx P3HT 

planar 

 

 

 

 

 

 

 

 

1.1.2.6--1  

‒

P3HT
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1.1.2.6.3  
1.1.2.6.3.1  

500℃

PCE = 10.4%

P3HT Jsc (mA/cm2) Voc (V) FF PCE (%)

40 nm 19.9 0.98 0.53 10.4

60 nm 14.6 0.95 0.41 5.7

1.1.2.6--2 compact TiOx XRD  

11.1.2.6--3  JJ-VV  

1.1.2.6--1  
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1.1.2.6.3.2  

 

7 mm ITO

ITO/ 10 Ω/□ ( )

UV-

ITO/ 10-4 Pa

 

ITO -NPD 10 nm

PVS 300 nm PVS

C60 20 nm Ag 80 nm

 

CEP-2000

J-V

 

 

ITO -NPD/PVS/C60/Ag 

 

■  

-NPD eRay  

PVS (MAI) 132-18262 

PVS 010-44122 

C60 Lumtec  

  ■  

( -NPD MAI C60 ―

11371108 
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― BH-5 C-5 

■  

 

■  

-NPD 0.5Å/s 0.05 nm/s 10 nm  

PVS MAI MAI

6 x 10-3Pa

0.5 Å/s 300 nm

 

MAI IPA

 

C60 IPA 0.2Å/s 0.02 nm/s

20 nm  

Ag 0.2 0.5Å/s 0.02 0.05 nm/s

80 nm  

 

 

 

 

 

1.1.2.6.3.3  
 

p n

-NPD C60

 

J-V 1.1.2.6-5  

 

1.11.2.6-44  
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11.11.2.6--55  
8  
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8 4.6 5.2

1.1.2.6-2

1.1.2.6-6  

 

ITO/ -NPD (10 nm)/CH3NH3PbI3 (300nm)/C60 (20 nm)/Ag (80 nm)  

CH3NH3PbI3  

Jsc = 9.72 mA/cm2, Voc = 0.97 V, FF = 0.55, PCE = 5.23% 

 

11.11.2.6--22  
8  
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1.1.2.6-8 

1.1.2.6-9  

 

11.1.2.6--6 spin--coat
  

 

1.11.2.6-77  
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219

J-V
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11.1.2.6--9 J--V  
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1.1.2.6.3.4 1SUN  
1SUN 12 12

1.1.2.6-10  

 

 

 

 

1SUN 12H-12H 8H
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Rsh  
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1

PEDOT:PSS [7] (Jsc) 20.4 mA/cm2 (Voc) 1.02 

V FF 0.60 (PCE) 12.5

FF  

 

 

 

STEP1 

 

STEP2 

  

 

17.68 mA/cm2 8.46

 

ITO/ -NPD (10 nm)/CH3NH3PbI3 (300nm)/C60 (20 nm)/Ag (80 nm) 

 

CH3NH3PbI3  

PbI2 CH3NH3I

PbI2 CH3NH3I

11.11.2.6--111
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Jsc = 17.68 mA/cm2, Voc = 1.02 V, FF = 0.47, PCE = 8.46% 
 

 

 

 

 

1.1.2.6.5  
RoHS

 

SnI2 CH3NH3I  

 

 

 7 mm ITO ITO/

10 Ω/□ ( )

UV-

ITO/ 10-4 Pa

 

ITO PEDOT

50 nm PVS 320 nm

PVS C60 30 nm Ag 80 nm

 

CEP-2000

Au (100 nm)

PC61BM (10 nm)

CH3NH3PbI3 (300 nm)
(2 step process)

Poly-TPD (20 nm)
PEDOT:PSS (40 nm)

Indium tin oxide

Glass substrate 0      0.2    0.4     0.6    0.8      1

25

20

15

10

5

0

n = 2

Voltage (V)

C
ur
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nt
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en

si
ty

 (m
A/

cm
2 )

Cell Jsc

(mA/cm2)
Voc

(V) FF PCE 
(%)

Area
(cm2)

20.4 1.02 0.60 12.5 0.09

PCE = 12.5%
(average)

11.1.2.6--12  
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J-V  

 

 

ITO PEDOT

PVS/C60/Ag  

■  

PEDOT Heraeus  Clevios PV PAI4083 

PVS  Ⅱ Alfa Aesar  

PVS  132-18262 

C60 Lumtec  

■  

K MBE OME 40-2-25-TS  

■  

 

■  

PEDOT 2000rpm PEDOT  

30 120℃ 30  

PVS MAI K 278℃

0.3Å/sec 

K 200℃

3.0x10-3Pa 0.4 0.5Å/sec

K

320nm 1  

MAI IPA

 

C60 IPA 0.2Å/s 0.02 nm/s 30 nm

 

Ag 0.2 0.5Å/s 0.02 0.05 nm/s 80 nm
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1.1.2.6.6  
SnI2

TG-DTA 1.1.2.6-15

1.1.2.6-16

0.3 0.26 V

 

11.1.2.6--13  

11.1.2.6--14  
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 11.11.2.6--115 TG--DTA  
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11.11.2.6--116 TGA  

11.1.2.6--17  

 SnI22 
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1.1.2.6.7  

100℃  

 

1.1.2.6.8  

1SUN

 

12.5  

 

 
[1] NREL Research-Cell Efficiency Chart; 

http://www.nrel.gov/pv/assets/images/efficiency_chart.jpg 

[2] A. Kojima et al., J. Am. Chem. Soc. 2009, 131, 6050. 

[3] M. M. Lee et al., Science 2012, 338, 643. 

[4] J. Burschka et al., Nature 2013, 499, 316. 

[5] M. Xiao et al., Angew. Chem. Int. Ed. 2014, 53, 9898.  

[6] M. Liu et al., Nature 2013, 501, 395. 

[7] O. Malinkiewicz et al., Adv. Energy Mater. 2014, 4, 1400345. 

[8] S. Mizoi, T. Sano, H. Yokoo, H. Sasabe, and J. Kido, Proceedings of the 75th JSAP 
Autumn Meeting 2014, 19p-A1-9. 
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1.1.2.7  
NiO  

 

 

ION-TOF TOF-SIMS IV 

 

Bi32+  25 kV 100/150 μm 4scan/cycle  

Ar+  2 kV 200/300 μm 20/10 sec/cycle 

 Ag  

Flood Gun  

 

 

 glass/ITO/NiO 1/MAPbI3/PC61BM/BCP/Ag  

 glass/ITO/NiO 1/MAPbI3/PC61BM/BCP/Ag  

 glass/ITO/NiO 2/MAPbI3/PC61BM/BCP/Ag  

 glass/ITO/NiO 2/MAPbI3/PC61BM/BCP/Ag  

NiO 1 NiO NiO 2 NiO as-depo 

 

  

� MAPbI3 I Ag

NiO 1 NiO 2 … 1

 

� BCP~PC61BM  

 

 

� Ag I(−), AgI2(−)  

� 
 

�  

� MAPbI3 AgI2(−)  

� S(−) …NiO  

� Ag  
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1.1.2.7-1  
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1.1.2.7-2 ToF-SIMS Ag NiO as-depo
 

 

 

1.1.2.7-3 ToF-SIMS Ag NiO as-depo
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1.1.2.7-4 ToF-SIMS Ag NiO as-depo
 

 

 

1.1.2.7-5 ToF-SIMS Ag NiO as-depo
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1.1.2.7-6 ToF-SIMS Ag NiO as-depo
 

 

 

1.1.2.7-7 ToF-SIMS Ag NiO as-depo
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Ag In(+) AgI2(−) Ag I

 

 

 
1.1.2.7-8 AgI2(−)  
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1.1.2.7-9 AgI2(−) Ag  
 

 
1.1.2.7-10 S(−) Ag  
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ToF-SIMS NiO

AgI2

NiO PbI2
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1.1.2.8 Bi  
CPbX3 C=Cs,CH3NH3; X=Br,I

22% Pb

Pb Pb

Sn Ge

Sn Ge

C2ABX6 C=Cs,MA; A=A,Cu; B= Bi,Sb; X=Br,I 1

A AX6 3 B

BX6 AX6 BX6

2eV

CEREBA AX6 BX6

AaBbXx A=Ag, 

Cu, B=Bi,Sb; X=Br,I x=a+3b Ag3Bi6 AgBiI4 AgBi2I7

CuBiI4

NaVO2 Walter von Rudorffite

AaBbXx

Ag-Bi-I Cu-Bi-I 1.8 1.83eV

1.2V

27 8

FTO/c-TiO2/m-TiO2/Ag-B-I/PTAA/Au

Ag3BiI6 Ag2BiI5 AgBiI4 PCE=4.3, 1.1, 1.3

Ag

Ag3BiI6 p

CEREBA

JASRI 8GeV

Spring8 Ag3BiI6 Ag2BiI5 AgBiI4

AgBi2I7 Ag-B-I R3-m

Ag3BiI6 Ag2BiI5 AgBiI4 AgBi2I7

BL19B2 0.2 mm

Ag-B-I 0.5A X 0.3x3 mm

X X
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X Ag2BiI6 300 500K

AgBiI4 AgBi2I7

Ag3BiI6 Ag2BiI5

AgI

Ag3BiI6 300 500K

AgI 500K Ag3BiI6

Ag Ag3BiI6 4.3%

Spring8

X

Ag3BiI6

 
 

 
[1] I. Turkevych et al., ChemSusChem, 2017, 10, 3754. 
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1.1.3 CEREBA  
1.1.3.1  

[1]

 

 

 

1.1.3.1.1  
CEREBA 22 28

 

 

1.1.3.1.1.1  

1.1.3.1-1

 

1.1.3.1-2

Gas Transmission Rate: GTR)

1m2 1 1m2

 

Water vapor 

transmission rate (Oxygen transmission rate)

 g/m2/day  cc/m2/day/atm  
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1.1.3.1.1.2  
1.1.3.1-3

2

 

 

1.1.3.1-1   

1.1.3.1-2  (  
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1.1.3.1-1

JIS ASTM ISO

JIS

ASTM ISO

 

 

 
  

JIS ASTM ISO JIS ASTM ISO 

 

K7126-1 

K7126A

Z1707  

D1434M 

D1434V 

 

15105-1 

2556  

K7126-2 

K7126B  
D3985 15105-2 

 
K7129C  15106-4 5 

K7129A B 

Z0208 

F1249 

E96 

F372 

15106-1 2

3 6 7 

 

 

1.1.3.1.1.3  

1.1.3.1-1  

1.1.3.1-3  
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4

 

 

(a)  
1.1.3.1-2 2

OTR [cc/m2/day/atm] A 10-1 

B 10-2 A

B PV  

 

 

 
 A B 

 [μm] 12 60 

OTR [cc/m2/day/atm] 1.0 10-1 ~10-2 

WVTR [g/m2/day] 40 90%RH 1.0 10-1 3.0 10-3 

Thermal Shrinkage(MD)  [%] 70 75 

Total Light Transmittance [%] 89.0 85.6 

Haze [%] 2.2 8.2 

 

 

(b)  
 

1.1.3.1-3 4  

 

 
 ILLINOIS GTR-TEC Technolox TI 

 Model 8001 GTR-2000 DELTAPERM 
TI

 

   

 
 

CG & 

 
 

 

 

 

(1) SYSTEC illinois Model 8001 

ILLINOIS ASTM JIS

1.1.3.1-2  

1.1.3.1-3  
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PC

Model 8001

 

 

(2) GTR-TEC GTR-2000XCER 

GTR-TEC GTR-2000 JIS ISO

GTR-2000

 

 

(3) Technolox DELTAPERM 

Technolox DELTAPERM

DELTAPERM

O2 H2O

 

 

(4) TI  
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1.1.3.1-4  

 

 

 
 ILLINOIS GTR-TEC Technolox TI 

 Model 8001 GTR-2000 DELTAPERM 
TI

 

 23  23  23  23  

 0%RH  0%RH 0%RH 0%RH 

 

/  
10 cm  15.2 cm2 50 cm2 50 cm2 

 

 

(c)  
(1) OTR A  

A

1.1.3.1-5 ILLINOIS GTR-TEC TI OTR 10-1 cc/m2/day/atm

2 3 Technolox 10-2

OTR 10-1 

cc/m2/day/atm

 

 

 

 

 ILLINOIS GTR-TEC Technolox TI 

 Model 8001 GTR-2000 DELTAPERM 
TI

 

OTR #1 

[cc/m2/day/atm] 
1.5 10-1 3.3 10-1 4.0 10-2 3.8 10-1 

OTR #2 

[cc/m2/day/atm] 
1.45 10-1 4.0 10-1  4.8 10-1 

 

(2) OTR B  

B

1.1.3.1-6 GTR-TEC OTR 10-2 Illinois

0.01 cc/m2/day/atm Technolox

 

 

1.1.3.1-4  

1.1.3.1-5 A  
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 ILLINOIS GTR-TEC Technolox TI 

 Model 8001 GTR-2000 DELTAPERM 
TI

 

OTR #1 

[cc/m2/day/atm] 
 3.5 10-2   

OTR #2 

[cc/m2/day/atm] 
 4.6 10-2   

 

(3)  

· OTR 10-1 cc/m2/day/atm OTR

 

· 10-2

 

 

1.1.3.1.1.4  
OTR 10-1 

cc/m2/day/atm OTR

 

 

(a)  
1)  

AL-PET PET

1.1.3.1-4  

 

1.1.3. 1-7  
 

 

1.1.3.1-6 B  
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No.  
 

[mm] 

 

[m2] 

1 PET 80 5.00 10-3 

2  10 7.30 10-5 

3  5 1.90 10-5 

4  4 1.26 10-5 

5  3 7.07 10-6 

6  2 3.10 10-6 

7  1 1.00 10-6 

 
 
2)  

MOCON  OX-TRAN 2/21ML

2

OX-TRAN

 

N2 : H2 = 98 : 2

1.1.3.1-1

1.1.3.1-2 1 mol 4 mol

 

 

1.1.3.1-4  

1.1.3.1-7  

φ1 φ10mm
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C  O2 + 2H2O + 4e-  4OH-  (1.1.3.1-1) 

Cd 2Cd + 4OH-  4e- + 2Cd(OH)2 (1.1.3.1-2) 

 

3)  
OX-TRAN  

23 40 85  

0 DRY  

 
4)  

[m2] OTR[cc/m2/day/atm] 1.1.3.1-5

OTR

OTR 10-2 102 cc/m2/day/atm

35%

 

 
 

 
1.1.3.1-5 OTR  

 
1.1.3.1.1.5  

OX-TRAN OTR
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1.1.3.1.2  
10-2 cc/m2/day/atm

 
OTR

 

 

1.1.3.1.2.1  

 

 
(a)  

1.1.3.1-8  

 

 

 

     

 23℃ 

40℃ 

 

(  

3 4 mm  
0 N2 

DRY  

N2

 

 40℃ 

60℃ 

85℃ 

SUS

 

 

 
(b)  

(OTR) 1.1.3.1-9

1.1.3.1-6

1.1.3.1-10

28.1 32.7 

kJ/mol 15% 2 mm

13 30% 85 23  

  

1.1.3.1-8  
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 OTR 

mm ℃ cc/m2/day/atm 

 

80 

 

A 23 15.3 

B 23 15.0 

B 40 27.7 

 
B 40 27.1 

B 85 131.0 

10 

 

A 23 0.230 

B 23 0.217 

B 40 0.389 

 
A 40 0.369 

B 85 1.850 

5 

 

A 23 0.061 

B 23 0.054 

A 40 0.090 

 
B 40 0.090 

A 85 0.379 

4 

 

A 23 0.047 

B 23 0.040 

A 40 0.078 

 

B 40 0.065 

B 60 0.132 

B 85 0.291 

3 

 
A 23 0.025 

A 40 0.044 

 

A 40 0.035 

A 60 0.070 

A 85 0.157 

2 

 
A 23 0.008 

B 23 0.010 

 
A 40 0.021 

B 85 0.094 

1  A 85 0.027 

1.1.3.1-9  
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φ[mm] Ea [kJ/mol] 

80 31.8 

10 31.8 

5 28.1 

4 28.8 

3 28.7 

2 32.7 

1.1.3.1-6  

1.1.3.1-10  
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1.1.3.1.2.2  

15

85 OTR 23 30

OTR  

 
1.1.3.1.3  

 

 
1.1.3.1.3.1  

WVTR OTR

WVTR

 

 

(a)  
OTR OX-TRAN 2/21ML 

WVTR CRDS API-MS DELTAPERM 

 

CRDS 

CRDS Cavity Ring Down Spectroscopy CRDS

2

km ppb

CRDS

 

 

API-MS 

API-MS Atmospheric Pressure Ionization / Mass Spectrometry

N2 H2O 100ppt

N2 N2

API-MS

API-MS

 

 

DELTAPERM 

1.1.3.1.1.3  
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(b)  
OTR  

 

 PET 10 5 3 2 mm  

40  

0 DRY  

 

WVTR  

10 5 3 2 1 0.4 0.2 0.1 mm  

40  

90 RH 

 

(c)  
1.1.3.1-11 OTR WVTR

mol/m2/day GTR 1.1.3.1-12

1.1.3.1-3 1.1.3.1-4  

OTR  

GTR [mol/m2/day] = OTR [cc/m2/day/atm] 10-6 [m3/cc] P [Pa] / R [J/K/mol] / T [K]  

 1.1.3.1-3  

P  

R 8.314  

T  

WVTR  

GTR [mol/m2/day] = WVTR [g/m2/day] / 18 [g/mol]  1.1.3.1-4  

 

[m2] GTR[mol/m2/day] 1.1.3.1-7

PET WVTR OTR 2

PET
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OTR [cc/m2/day]

Φ [mm] S [m2] N=1 N=2 N=1 N=2
PET) 80 5.00E-03 2.77E+01

10 7.30E-05 3.89E-01 7.10E-02
5 1.90E-05 8.98E-02 1.90E-02 1.70E-02
4 1.26E-05
3 7.07E-06 4.30E-02
2 3.10E-06 2.06E-02 3.20E-03 1.80E-03 3.00E-03
1 1.00E-06 1.00E-03 1.10E-03 8.20E-04

0.4 1.26E-07 2.80E-04 3.10E-04 2.90E-04
0.2 4.30E-08 1.30E-04 8.50E-05 1.50E-04 1.00E-04 1.10E-04
0.1 7.85E-09 6.00E-05 4.10E-05

AlPET

OX-TRAN

40 WVTR [g/m2/day]
CRDS DeltaPermAPI

 
 

 

 

 

 

 

 

 

 

 

 

  

 [mm] S [m2] N=1 N=2 N=1 N=2
PET) 80 5.00E-03 1.08E-03

10 7.30E-05 1.51E-05 3.94E-03
5 1.90E-05 3.49E-06 1.06E-03 9.44E-04
4 1.26E-05
3 7.07E-06 1.67E-06
2 3.10E-06 8.02E-07 1.78E-04 1.00E-04 1.67E-04
1 1.00E-06 5.56E-05 6.11E-05 4.56E-05

0.4 1.26E-07 1.56E-05 1.72E-05 1.61E-05
0.2 4.30E-08 7.22E-06 4.72E-06 8.33E-06 5.56E-06 6.11E-06
0.1 7.85E-09 3.33E-06 2.28E-06

AlPET

OX-TRAN

GTR [mol/m2/day]40
CRDS

DeltaPerm
API

1.1.3.1-12 OTR WVTR mol  

1.1.3.1-11 OTR WVTR  
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1.1.3.1.3.2  

PET OTR WVTR

OTR 2 PET

 

 
 

1.1.3.1.4  

 

 

1.1.3.1.4.1  
(a)  

OX-TRAN 2/21ML 

 
1.1.3.1-13 4  

1.1.3.1-8  

40℃ 

1.1.3.1-7 WVTR OTR  
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0 DRY  
N2  

No. 

  

#1 
PET/ /SiN 

2015 4  

#2 2015 6  

#3 
PEN/ /SiN 

2015 3  

#4 2015 3  

 
  

 
(b)  

1.1.3.1-14 PET PEN

OX-TRAN

1 10-2 cc/m2/day/atm 10-3 10-2 cc/m2/day/atm

EL

WVTR

WVTR @40℃ 90 RH 5.5×10-3 3.7×10-2 g/m2/day

 

 

No.  OTR [cc/m2/day/atm] 

#1 
PET/ /SiN 

5.93.E-02 

#2  

#3 
PEN/ /SiN 

3.07.E-02 

#4  

 
 
 

1.1.3.1-8  

 PET or PEN 100 μμm 

SiN 100 nm 
 ;1 μμm 

1.1.3.1-13  

1.1.3.1-14  
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1.1.3.1.4.2  
1 10-2 cc/m2/day/atm

10-3 10-2 g/m2/day
 

 
(a) 10-3 10-2 g/m2/day  
1)  

1.1.3.1-15
40

 
 
 

 Mocon OX-TRAN2/21ML 
 PEN/UC/SiN 

 
 
 
WVTR 5.5 10-3 3.7 10-2 g/m2/day@40 90 RH 

 28 40 60 85 40  
 DRY 

 
 
 
 
  

11.11.3..1--155  
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22)  
1.1.3.1-16 1.1.3.1-9 28

85 10-1 cc/m2/day/atm

1.1.3.1-10
24.2 kJ/mol 1.1.3.1-11 PEN

34.6 kJ/mol 1

PEN

PET
 

 

   
((OTR)  

cc/m2/day/atm  
1 28   
2 40  3.0 10-2 
3 60  7.3 10-2 
4 85  1.1 10-1 
5 40  3.9 10-2 

 

1.1.3.1--16  

11.1.3..1--9  
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1.1.3.1--11 PPEN  

11.1.3.1-110   
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(b)  
10-3 10-2 g/m2/day

 
 
1.1.3.1.5  

1. 

 

2. 
PET OTR WVTR

 

3. 
 

4. 
40 OX-TRAN

OTR 40℃
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1.1.3.1.6  
SEMPA SYSTEMS HiBarSens  

 
1.1.3.1.6.1 HiBarSens  

SEMPA SYSTEMS HiBarSens PreConCells

3 1.

2. 3. PreConCells

 

 

1.1.3.1.6.2  
HiBarSens API-MS API-MS

(WVTR) EL

API-MS

 

 
(a)  

HiBarSens 

API-MS 

 

(b)  
0.15 0.2 0.4 1 2 mm  

40℃ 

90 RH 

API-MS 135 mm 143 cm2  

HiBarSens  131 mm 135 cm2  

 

API-MS  

HiBarSens  

1.1.3.7-2  

 

API-MS  

N2 100ppt 60℃ 4 N2

WVTR  

HiBarSens  

API-MS

1
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WVTR  

 
(c)  

API-MS WVTR 1.1.3.1-17 HiBarSens

1.1.3.1-182

1.1.3.1-11 API-MS HiBarSens API-MS

HiBarSens 1.1.3.1-5

HiBarSens API-MS 10-4 g/m2/day

HiBarSens  

HiBarSens

SUS 1.8 10-5g/m2/day

API-MS

WVTR

HiBarSens WVTR

API-MS  

 

)cm (135

)cm (143
2

2

HiBarSens
MSAPIMSAPI �

��  1.1.3.1-5  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No. 
  WVTR  

[g/m2/day] 
WVTR ※  

[g/m2/day] [mm] [m2] 

1 2.00 3.1E-06 1.9.E-03 2.0.E-03 

2 1.03 8.4E-07 4.3.E-04 4.6.E-04 

3 0.38 1.1E-07 9.4E-05 9.9.E-05 

4 0.23 4.2E-08 6.3E-05 6.7.E-05 

5 0.18 2.6E-08 4.4E-05 4.7.E-05 

1.1.3.1-17 API-MS WVTR  
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No. 
  

 
WVTR 

[g/m2/day] [mm] [m2] 

1 5.00 2.0.E-05 
 

3.0 ml/min 
9.44E-03 

2 2.01 3.2.E-06 
 

3.0 ml/min 
1.72E-03 

3 1.02 8.1.E-07 

 

3.0 ml/min 
6.11E-04 

 5.58E-04 

4 0.40 1.2.E-07  1.08E-04 

5 0.23 4.2.E-08  

6 0.16 2.1.E-08  6.35E-05 

 

1.1.3.1.6.3  
10-4 g/m2/day HiBarSens

 

1.1.3.1-11 WVTR  

1.1.3.1-18 HiBarSens WVTR  

Zero SUS  
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(a)  
API-MS

 

 
1)  

0.2 mm  

40℃ 

90 RH 

131 mm 135 cm2  

 

DRY N2 99.999 40℃  

DRY N2

WVTR  

 

2)  
1.1.3.1-19 1.1.3.1-12

API-MS

10  

 

  [g/m2/day] 

 2.22E-05 

 

8.81E-05 

 6.59E-05 

API-MS  6.34E-05 

1.1.3.1-19  
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(b)  

a

 

 

1)  
φ0.1  

AL-PET  

40℃ 

90 RH 

131 mm 135 cm2  

 

       

 

1.1.3.1-12  
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2)  
1.1.3.1-13 1.1.3.1-14

WVTR

API-MS  

AL-PET

1.1.3.1-15

 

WVTR

 
 

 

1.1.3.1-13 (AL-PET; 0.1 mm) 1 1 3 1 13 (AL PET 0 1 )
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1.1.3.1.6.4  

HiBarSens API-MS

WVTR 10-4 g/m2/day HiBarSens

WVTR

1.1.3.1-14 WVTR 

  

  

  

1.1.3.1-15 (AL-PET) 
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API-MS

 

 

1.1.3.1.7  
 

 

1. OTR

OTR  

 

2. 
WVTR 10-2 g/m2/day

OTR

 

 

3. HiBarSens API-MS

HiBarSens WVTR

WVTR

 

 

 

 
[1] G. Rossi and M. Nulman, "Effect of local flaws in polymeric permeation reducing barriers", J. 

Appl. Phys. 74, 5471 (1993) 
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1.1.3.2  

2 B1

B5

1.1.3.2.1 1.1.3.2.2  

 

1.1.3.2.1  
BHJ 2 B1 B5

JSC VOC FF

PCE

1.1.3.2.1-1 1.1.3.2.1-1  

 

  

ITO   10 /cm2  

42mm(W) 42mm(D) 0.7mm(T) 

 7mm 7mm 1 4  

 

 

1.1.3.2.1-1   

42

42

10 mm

/
ITO

UV

1

2

1.1.3.2.1-1   
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1.3.2.2.1.1 B1  
B1

1sun

B1 1.1.3.2.1-2  

 

 
(a) 20%  

 B1 1.1.3.2.1-2

AM1.5G 2

2 2

1.1.3.2.1-3 1.1.3.2.1-4  

 

  

  

 50  

 20.0%  

J-V  -0.1 1.0V 

0.01V 

10ms 

 504  

 No.1  

3 / 0 24 24 / 24 504  

No.2  

0 504 2  

 

 

 /  

8  

1.1.3.2.1-2  B1 20%  

0.7mm

ITO 150nm
PEDOT: PSS 20nm
P3HT: ICBA 110nm

Al 150nm

1.1.3.2.1-2  B1   
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1.1.3.2.1-3  B1 20%  

(A) (B) (C) (D)  

1.1.3.2.1-4  B1 20%  

(A) (B) (C) (D)  



3-192 

B1 20% 500 10%

JSC VOC

FF 500  

No.1

2 No.2

 

 

 
(b) 20% 1sun  

20% 1sun 1.1.3.2.1-3

A 20% C

1sun

1.1.3.2.1-5 1.1.3.2.1-6  

 

  

  

 50 1sun  

 20.0%  

J-V  -1.0 1.0V 

0.01V 

10ms 

 108  

 3 / 0 24 12 / 24 108  

 

 /  

8  

 

1.1.3.2.1-3  B1 20% 1sun  
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1.1.3.2.1-5  B1 20% 1sun  

(A) (B) (C) (D)  

1.1.3.2.1-6  B1 20% 1sun  

(A) (B) (C) (D)  
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B1 20% 1sun 40

JSC

VOC FF 500  

JSC

VOC

 

 
(c) 20% 1sun  

20% 1sun 20% 1sun

1sun 1.1.3.2.1-4

1.1.3.2.1-1

1.1.3.2.1-7  

 

20% 1sun ( 20% ) (1sun )  

1.1.3.2.1-1  

 

 

  

  

 50 1sun  

  

J-V  -1.0 1.0V 

0.01V 

10ms 

 72  

 30 / 0 12 60 / 12 72  

 

 

 

1.1.3.2.1-4  B1 1sun  
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1.1.3.2.1-7  B1 20% 1sun  

 

(A) (B) (C) (D)  
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B1 20% 1sun 1sun

1sun

1.1.3.2.1-1 JSC

VOC FF
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(d) B1  
1) 50 50%RH  

B1 1.1.3.2.1-5

AM1.5G

2 2 2

1.1.3.2.1-8 1.1.3.2.1-9  

 

  

  

 50  

 50.0%RH 36.7

 

  

J-V  -0.1 1.0V 

0.01V 

10ms 

 144  

 No.1  

3 / 0 24 24 / 24 144  

No.2  

0 144 2  

 

 

 /  

8  

 

 

1.1.3.2.1-5  B1 50 50%RH  
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1.1.3.2.1-8  B1 50 50%RH  

(A) (B) (C) (D)  

1.1.3.2.1-9  B1 50 50%RH  

(A) (B) (C) (D)  
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B1 50 50% 144 50%

JSC VOC

FF 144  

AM1.5G

No.1

2 No.2

 

 

1.1.3.2.1-10  

 

 

LBIC

1.1.3.2.1-11 LBIC 488nm

 

 

  

1.1.3.2.1-10  B1 50 50%RH 144  

(A)  

(B) (A)  

(A) (B) 
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LBIC 1.1.3.2.1-11(A)

1.1.3.2.1-11(B)

LBIC

 

 

2) 50 50%RH 1sun  
50 50%RH 1sun 50 50%RH

1sun 1.1.3.2.1-6

1.1.3.2.1-12

1.1.3.2.1-13  

 

  

  

 50 1sun  

 50.0%RH 36.7

 

  

J-V  -0.1 1.0V 

0.01V 

10ms 

 84  

 30 / 0 24 60 / 24 84  

 

 /  

8  

1.1.3.2.1-6  B1 50 50%RH 1sun  

1.1.3.2.1-11  B1 50 50%RH LBIC  

488nm  

(A) LBIC  

(B) (A) (A)  

(A) (B) 
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1.1.3.2.1-12  B1 50 50%RH 1sun  

(A) (B) (C) (D)  

1.1.3.2.1-13  B1 50 50%RH 1sun  

(A) (B) (C) (D)  
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B1 50 50%RH 1sun 24

JSC VOC

FF  

 

 
3) 50 50%RH 1sun  

50 50%RH 1sun 50 50%RH

1sun 1.1.3.2.1-2

1.1.3.2.1-14  
 

50 50%RH 1sun (50 50%RH ) (1sun ) 

1.1.3.2.1-2  

 

 

  

1.1.3.2.1-14  B1 50 50%RH 1sun  

 

(A) (B) (C) (D)  
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B1 50 50%RH 1sun 1.1.3.2.1-2

50 50%RH

1sun

 

 

(e) B1  
B1 1.1.3.2.1-15 1sun

Dark

1.1.3.2.1-11

 

 

 

 

1.1.3.2.1-15  B1 20% 50 50%RH  

(A) (B) (C) (D)  
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1.1.3.2.1.2 B5  
B1 B5

1sun

B5 1.1.3.2.1-16  

 
(a) 20%  

B5 1.1.3.2.1-7

B1 2

2 2

1.1.3.2.1-17

1.1.3.2.1-18  

  

  

 50  

 20.0%  

J-V  -0.1 1.0V 

0.01V 

10ms 

 72  

 No.1  

3 / 0 24 24 / 24 72  

No.2  

0 72 2  

 

 

 /  

8  

1.1.3.2.1-7  B5 20%  

1.1.3.2.1-16  B5   
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1.1.3.2.1-17  B5 20%  

(A) (B) (C) (D)  

1.1.3.2.1-18  B5 20%  

(A) (B) (C) (D)  
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B5 20% 72

 

AM1.5G

 

 

 

(b) 20% 1sun  
20% 1sun 20%

1sun 1.1.3.2.1-8

1.1.3.2.1-19 1.1.3.2.1-20

 

 

  

  

 50 1sun  

 20.0%  

J-V  -1.0 1.0V 

0.01V 

10ms 

 168  

 30 / 0 24 60 / 24 168  

 

 /  

8  

 

1.1.3.2.1-8  B5 20% 1sun  
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1.1.3.2.1-19  B5 20% 1sun  

 (A) (B) (C) (D)  

1.1.3.2.1-20  B5 20% 1sun  

(A) (B) (C) (D)  



3-208 

B5 20% 1sun 160

JSC VOC FF

JSC FF  

J-V 1.1.3.2.1-21

1.1.3.2.1-22

Ag

 

 

 

 

1.1.3.2.1-21  B5 20% 1sun 168

J-V  

1.1.3.2.1-22  B5 20% 1sun 168  

 

(A)  

(B) (A)  

(A) (B) 
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(c) 20% 1sun  
20% 1sun A 20%

1sun 1sun

1.1.3.2.1-9 1.1.3.2-1

1.1.3.2.1-23

1.1.3.2.1-24  

 

  

  

 50 1sun  

  

J-V  -1.0 1.0V 

0.01V 

10ms 

 305  

 30 / 0 12 60 / 12 72  

 

 /  

8  

 

1.1.3.2.1-9  B5 1sun  
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1.1.3.2.1-23  B5 20% 1sun  

 

1.1.3.2.1-24  B5 20% 1sun  

 



3-211 

20% 72 1sun

1.1.3.2-1

20% 1sun 1sun  

0 30 1sun

30

1sun 20% 1sun

 

 
(d) 50 50%RH  

B5 1.1.3.2.1-10

B1 1.1.3.2.3.2 2

2 2

1.1.3.2.1-25 1.1.3.2.1-26  

  

  

 50  

 50.0%RH 36.7

 

  

J-V  -0.1 1.0V 

0.01V 

10ms 

 72  

 No.1  

3 / 0 24 12 / 24 72  

No.2  

0 72 2  

 

 

 /  

8  

1.1.3.2.1-10  B5 50 50%RH  
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1.1.3.2.1-25  B5 50 50%RH  

(A) (B) (C) (D)  

1.1.3.2.1-26  B5 50 50%RH  

(A) (B) (C) (D)  
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B5 50 50% 72 10%

FF JSC VOC

72  

AM1.5G

No.1

2 No.2

 

 

 
(e) 50 50%RH 1sun  

50 50%RH 1sun 50 50%RH

1sun 1.1.3.2.1-11

1.1.3.2.1-27

1.1.3.2.1-28  

 

  

  

 50 1sun  

 50.0%RH 36.7

 

  

J-V  -0.1 1.0V 

0.01V 

10ms 

 72  

 30 / 0 24 60 / 24 72  

 

 /  

8  

 

 

1.1.3.2.1-11  B5 50 50%RH 1sun  
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1.1.3.2.1-27  B5 50 50%RH 1sun  

(A) (B) (C) (D)  

1.1.3.2.1-28  B5 50 50%RH 1sun  

(A) (B) (C) (D)  
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B5 50 50%RH 1sun 72 20%

30% FF  

 

1.1.3.2.1-29

Ag  

1sun ITO Ag

HTM

 

 

 

(A) 

(B) (C) 

1.1.3.2.1-29  B5 50 50%RH 1sun 72  

 

(A) Open (a) (b) Ag  

(B) (A) (a) ITO  

(C) (B)  
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(f) 50 50%RH 1sun  

50 50%RH 1sun A 50 50%RH

1sun 1.1.3.2.1-2

1.1.3.2.1-30 1.1.3.2.1-31  

 

 

  

1.1.3.2.1-30  B5 50 50%RH 1sun  
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1.1.3.2.1-30 1.1.3.2.1-31

1.1.3.2.1-2

VOC

1sun

B

 

 

(g) B5  
B5 1.3.2-32

Dark 1sun

B5 1sun

 

 

 

1.1.3.2.1-31  B5 50 50%RH 1sun  
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1.1.3.2.1.3  
B1 B5 2

B1

B5

B1

B5  

 

 
  

1.1.3.2.1-32  B5 20% 50 50%RH  

(A) (B) (C) (D)  
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1.1.3.2.2  
1.1.3.2.2-1

AlPEN Al PEN

 

 

 

 

1.1.3.2.2.1  

1000

1.1.3.2.2-2  

 
(a)  

1.1.3.2.2-3

1.1.3.2.2-4

AlPEN 42 mm

42 mm 10 mm 1

11 mm /ITO UV

1.1.3.2.2-1   

1.1.3.2.2-2   



3-220 

1.1.3.2.2-5  

 

 

 

(b) Dark  
Dark  

 
1)  

1.1.3.2.2-1

 

 

 

 

 

 

 

1.1.3.2.2-4   

1.1.3.2.2-5  /ITO UV  

1.1.3.2.2-3  
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AM1.5G,100 mW/cm2 

 

 LBIC  

488 nm 

 50  

 21  

 90%RH 

 

 

2)  
1.1.3.2.2-6 2 2000 

0 1099 2041 

IV 1.1.3.2.2-7

LBIC 1.1.3.2.2-8 671 

LBIC

671

 

1.1.3.2.2-1   
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1.1.3.2.2-7  IV  

1.1.3.2.2-6   

2  

1.1.3.2.2-8  LBIC  
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(c)  

11 

mm  

 

1)  

11 mm

1.1.3.2.2-2  

   

 

 

me-40DP-2PHW-FH-WS-B3

 

MS-180AAA

 

 

One-Sun  

XIL-05B100KP

 

 AM1.5G,100 mW/cm2 

SH-642

 

 

 

LBIC  

488 nm 

 

SC7000  

 

1.8 Hz 

3 Vp-p 

DC 1.5 V 

UV  

 50  50  

 DRY  21  

 0 RH 60.5 RH 

(40 98%RH) 

50  

 1 sun 1 sun 

 11 mm 11 mm 

 

1.1.3.2.2-2   
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2)  
1.1.3.2.2-9 100

1.1.3.2.2-10

60.5%RH

1000 11 mm

 

  

1.1.3.2.2-9   

1.1.3.2.2-10   
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(d)  
Dark 50 90 RH

2000

 

11 mm

DRY 60.5%RH 1000

11 mm 1000
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1.1.3.2.2.2  
3

11 mm

 

 

(a)  
1.1.3.2.2-11

Low Barrier Normal Barrier High Barrier

1.1.3.2.2-12  

 

 

1.1.3.2.2-11  1 1 3 2 2 11

1.1.3.2.2-12   
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(b)  
1.1.3.2.2-13

 

 

 

 

(c) Dark  
Dark  

 

1)  
PEN 1.1.3.2.2-14 1.1.3.2.2-14

 

 

 

 

1.1.3.2.2-14   

1.1.3.2.2-13  1 3 2 2 13
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AM1.5G,100 mW/cm2 

 

 

LBIC  

488 nm 

 

SC7000  

 

1.8 Hz 

3 Vp-p 

DC 1.5 V 

 50  

 21  

 90%RH 

 

 
2)  

1.1.3.2.2-15 2

IV

1.1.3.2.2-16 S 1000

1.1.3.2.2-17

1.1.3.2.2-18 LBIC

1.1.3.2.2-17

PEN

 

 

1.1.3.2.2-14   
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2 2  

1.1.3.2.2-15   

1.1.3.2.2-16  IV  
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1.1.3.2.2-17   

1.1.3.2.2-18   
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(d)  

 

 

1)  
1.1.3.2.2-19 3

ITO (0 )

1000 (2000 )

1.1.3.2.2-15  

 

 

 

 

One-Sun

 

XIL-05B100

KP

 

 

AM1.5G,100 

mW/cm2 

SH-642

 

 

IV  AM1.5G,100 mW/cm2 

 LBIC  

488 nm 

(0 h,1000 h) 0.15 mm 0.15 mm 

(2000 h) 0.10 mm 0.10 mm 

 

SC7000  

 

1.8 Hz 

1.1.3.2.2-15   

1.1.3.2.2-19   
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3 Vp-p 

DC 1.5 V 

UV

 

 50  

 21  

 60.5 RH 

(40 98%RH) 50  

 1 sun 

 
 

 
2)  

1000 

 

 
i)  

 

  

 (1.1.3.2.2-1) 

  1 sun 1 kW/m2 1000  

  1000 kWh/m2 

  [1] 4500 MJ/m2 1250 kWh/m2 

0.8 7  

 

ii)  
25 50%RH 50 60.5 RH

WVTR WVTR

 

WVTR = Kexp(-Ea/RT) (1.1.3.2.2-2) 

K  

Ea  [kJ/mol] 

    PET/SiN 51[kJ/mol] [1] 

R 8.314[J/K/mol]  

   T  
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 (1.1.3.2.2-3) 

6 0.7  

 

iii)  
25 50 OTR

OTR = Kexp(-Ea/RT) (1.1.3.2.2-4) 

K  

Ea  [kJ/mol] 

PEN 35 [kJ/mol]  

OTR Ea [1] 

R 8.314[J/K/mol]  

T  

 

 

 (1.1.3.2.2-5) 

3 0.35  

 

3)  
1.1.3.2.2-20 1.1.3.2.2-21

1500 Glass HighBarrier NormalBarrier

LowBarrier

IV

1.1.3.2.2-22 LowBarrier
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1.1.3.2.2-20   

1.1.3.2.2-21  
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Ag 2000

1.1.3.2.2-23 HighBarrier

1500

NormalBarrier

 

0 1000 2000 LBIC

1.1.3.2.2-24

Glass HighBarrier

NormalBarrier 2000

LowBarrier

LBIC 1.1.3.2.2-25

1000 0.30 mm 2000 0.75 mm

2000 16  

1.1.3.2.2-26 1.1.3.2.2-27

LowBarrier 1000 2000

 

1.1.3.2.2-22  IV  
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1.1.3.2.2-28

 

 

 

 

 

1.1.3.2.2-23   
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1.1.3.2.2-24 LBIC  
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1.1.3.2.2-26  

1.1.3.2.2-25 LBIC  
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1.1.3.2.2-28   

1.1.3.2.2-27  
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(e)  

(d)

 

 

1)  
HiBarrier 2

1.1.3.2.2-16 1.1.3.2.2-29

 

 

 

 

   

HiBarrier

 

PET HiBarrier2

 

 

1 R2R

 

 

 

ITO IZO IZO

1.1.3.2-9  

 

 

 

 
 
  

1.3.2.2-29  HiBarrier2 /IZO

1.1.3.2.2-16   
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2)  
1.1.3.2.2-30

1.1.3.2.2-17  

 

 

 

One-Sun  

XIL-05B100KP  

 AM1.5G,100 mW/cm2 

SH-642  

 

 

IV  

 

AM1.5G,100mW/cm2 

 LBIC  

488 nm 

0.10 mm 0.10 mm

 

SC7000  

 

1.8 Hz 

2 Vp-p 

DC 1 V 

 50  

 21  

 60.5 RH 

(40 98%RH) 50  

 1 sun 

 

 
 

1.3.2.2-30   

1.1.3.2.2-17   
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3)  
1.1.3.2.2-31 1.1.3.2.2-32

NormalBarrier LowBarrier

100 100 1.1.3.2.2-33 1.1.3.2.2-34

1

N  

IV 1.1.3.2.2-35 1 PEN 1000

1

1.1.3.2.2-36  
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1.1.3.2.2-31  

1.1.3.2.2-32  



3-244 

 

 

 

 

 

 

1.1.3.2.2-33  

1.1.3.2.2-34  
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1.1.3.2.2-35 IV  

1.1.3.2.2-36  
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LBIC 1.1.3.2.2-37 1

Glass HighBarrier NormalBarrier

LowBarrier

0.2 mm 1.1.3.2.2-38

4  

1.1.3.2.2-39 1.1.3.2.2-40

LowBarrier

 

IV 1

LowBarrier

HighBarrier NormalBarrier

WVTR OTR

 

 

1.1.3.2.2-37 LBIC  
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1.1.3.2.2-38 LBIC  

1.1.3.2.2-39  
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(f)  

Dark 50 90 RH

1000

1000

LBIC

PEN

 

IV

1 2 PEN

LowBarrier

1 Glass

HighBarrier NormalBarrier

LowBarrier 2

 

1.1.3.2.2-40   



3-249 

1.1.3.2.2.3  

 

1) Dark 50 90 RH

21

 

2) 50 60.5 RH

21 11 mm

DRY

11 mm

1000  

3) PEN Dark 50 90 RH

21

 

4) 
50 60.5 RH 21

PEN

LowBarrier

 

 

 
 

[1] JIS D02025 

[2] ,  2014  
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1.1.4  
CEREBA ( )  

( )  
1.1.4.1  

 

TiO2

Spiro-OMeTAD PTAA

(HTM)

 [1]

400℃ 500℃

 

TiO2

[2]

 

[3]

PEDOT:PSS

 

 

[6,6]-phenyl-C61-butyricacid methyl ester (PCBM)

poly-(ethylenedioxy-thiophene):poly(styrenesulfonate) (PEDOT:PSS) HTM

PEDOT:PSS  

NiO HTM

NiO

℃

PTAA HTM
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1.1.4.1.1 (Graphene oxide,GO) 
(graphene)

GO

HTM GO HTM

p-TosNHNH2  

p-hydrazinobenzenesulfonic acid hemihydrates reduced GO (r-GO)

poly[(9,9-bis((60-(N,N,N-trimethylammonium)hexyl)-2,7-fluorene)-alt-(9,9-bis(2-(2-(2-meth

oxyethoxy)ethoxy)ethyl)-9-fluorene))]dibromide

r-GO

r-GO  

GO ℃

100℃

ITO GO 150℃

r-GO r-GO

 

 

1.1.4.1.2 r-GO  
X (X-Ray photoelectron spectroscopy , XPS ) GO

(Au) ( 10nm) (

2nm) ℃ (GO) (r-GO)

XPS  

1.1.4.1-1(a) GO r-GO XPS

Au(4f)  r-GO C(1s)

r-GO( )  O(1s) GO
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C(1s) XPS C-C 

(283.9eV), C-OH (284.9eV), C-O-C (286.8eV), C=O (287.8eV)  HO-C=O (288.8eV) 

 1.1.4.1-1(b) C–OH C-C

GO O 150℃

 

FT-IR

1.1.4.1-1(c)

r-GO FT-IR

O

O-H  (3400 cm−1), C=O  

(1727cm−1)  C-O-C  (1100 cm−1)

℃

℃

r-GO  

 

1.1.4.1.3 r-GO  

r-GO r-GO

 

 

1.1.4.1-1  GO r-GO XPS (a) , (b) C(1s) 
, (C) FT-IR  
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r-GO

0.2 mg/ml 

2nm r-GO

1.1.4.1-2(a) 

r-GO

r-GO 1.1.4.1- 
2(b),2(c),2(d) GO 150℃ 30

r-GO ( 1.1.4.1-1)  

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 

1.1.4.1-2  r-GO (a) 
(b)100 oC, (c) 150 oC, (d) 200 oC 

r-GO
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Time (min) 

 

Temperature (oC ) 

 

10 

 

30 

 

60 

 

90 

100 1.78 1.57 1.5 1.83 

150 0.92 0.86 1.06 1.61 

200 0.95 1.08 1.48 1.74 

 

 

1.1.4.1.4 GO  r-GO UV-vis -  

r-GO (300-400 nm, 1.1.4.1-3(a))

( 1.1.4.1-3(b))  

 

 

 

 

 

 

1.1.4.1-1  4.1.1-2
 

GO r-GO XPS (a) , (b) C(1s) , (C) FT-IR 

1.1.4.1-3 (a) r-GO GO UV--vis  (b) ITO ITO/r-GO
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1.1.4.1.5 r-GO  

ITO/r-GO/CH3NH3PbI3/PCBM/BCP/Ag

GO, r-GO

1.1.4.1-4 300nm

 

(scanning electron microscopy, SEM)

CH3NH3PbI3

200-300nm

1.1.4.1-5  

 
 

 

 

 

 

CH3NH3I PbI2

[4]

℃

 

1.1.4.1-4   r-GO  (a) 
((b)  
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- J-V AM1.5G 100mW cm-2

r-GO Forward [ J-V

(short-circuit current density)Jsc (open-circuit 

voltage)Voc ] Reverse [ Voc Jsc

]

TiO2 ETM spiro-OMeTAD HTM

 

 

 
 
 

J-V

1.1.4.1-5 (a)) r-GGO CH3NH3PbI3 SEM
(b) r--GO HTM  

1.1.4.1-6  r-GO
(a)J-V (b) IPCE (c)r-GO PCE
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J-V
J-V Forward (Jsc Voc )

10mV  50ms 1.02 cm2

1.02cm2

(XRD,UV-vis )

r-GO J-V IPCE 1.1.4.1-6(a)

(b) Jsc 17.8 mA/cm2, Voc  0.91 V  

 ( FF)  0.78 PCE 12.6%

PCE 1.1.4.1-6(c)

 

ITO

ITO ITO

HTM

HTM

ITO

HTM  

HTM

ITO

PEDOT:PSS

PEDOT:PSS

 r-GO/PEDOT:PSS 1.1.4.1-7(b)  

 

 

 1.1.4.1-7 (a)r-GO  (b)r-GO/PEDOT:PSS HTM  
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.1.1.4.1-8 GO, r-GO, r-GO/PEDOT:PSS

J-V

1.1.4.1-2  

   

 

 

 

 

 

1.1.4.1-2 r-GO/PEDOT:PSS HTM

PEDOT:PSS

r-GO/PEDOT:PSS/ CH3NH3PbI3 ( 1.1.4.1-8 )

 

1.1.4.1-8   (( ) PPEDOT:PSS, r-GGO  rr-GGO/PEDOT:PSS, HTM
J-V ( ) 

rr-GGO/PEDOT:PSS
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1.1.4.1.6 MAPbI3  

 

(CH3NH3PbI3, MAPbI3)

H2O O2

MAPbI3

PbI2 H2O O2

Wang [5]  

MAPbI3 MAPbI3 

H2O PbI2 MAI MAI CH3NH2 (aq) HI 

(aq) HI O2 I2(s) H2O(l)

H2(g) I2(s) HI

Frost 

[6] H2O nMAPbI3 CH3NH2

[(CH3NH3
+)n−1(CH3NH2)nPbI3][H2O] [(CH3NH3

+)Pb3]n−1, HI, 

PbI2  H2O CH3NH2 HI

Snaith

PbI2  

Jsc[mA/cm2] Voc[V]  FF  Eff [%]  

r-GO-Forward  17.5 0.873 0.751 11.5 

r-GO-Reverse  17.8 0.905 0.784 12.6 

PEDOT-Forward  14.2 0.868 0.786 9.7 

PEDOT-Reverse  14.4 0.888 0.803 10.2 

r-GO/PEDOT-Forward  18.1 0.936 0.816 13.8 

r-GO/PEDOT-Reverse  18.2 0.964 0.83 14.6 

1.1.4.1-2  PEDOT:PSS, r-GO  r-GO/PEDOT:PSS HTM
  1.02cm2  
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Vis

1.4.1-9

 

1.4.1-10

 

 
 
 
 
 
 

 

1.1.4.1-9  MAPbI3

(a) MAPbI3 UV-vis  
(b) XRD MAPbI3

PPbI2  

1.1.4.1-10   MAPbI3

UV-vis ITO
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1.1.4.1.7 r-GO  r-GO/PEDOT:PSS  
 

r-GO

,

420nm

 

open circuit short circuit

 

1.1.4.1-11 r-GO HTM (ITO/r-GO/ MAPbI3/PCBM/BCP/Ag)

1 sun

Jsc,Voc,FF PCE  

 

 
 
 
 

Jsc

Voc Jsc FF

FF

1.1.4.1-11  r-GO HTM
(a)Jsc, (b) Voc, (c) FF  (d) PCE 
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Voc  

 

1.1.4.1-12(a)-1,(a)-2  

 

 

 

 

 

 

 

1.1.4.1-12  (a) -1 
PbI2 (a)-2 

PbI2

(b) 
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(a)-1

PbI2(2θ =12.67°)

(a)-2

2θ =12.67° PbI2

MAPbI3 MAPbI3

 

HTM r-GO

1.1.4.1-2(a)

1.1.4.1-12(b) r-GO

 

(ion migration)

[7][8]

r-GO PCBM

ITO

 

CH3NH3PbI3 CH3NH3
+ 
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PbI2

XRD 1.1.4.1-12(a)-1 PbI2

 

r-GO

GO ITO

r-GO

r-GO ITO

 

 

ITO/r-GO/PEDOT:PSS / MAPbI3/PCBM/BCP/Ag

1.1.4.1-13 500 PCE 78

 

 

 

 

 

 

 

1.1.4.1-13   rr--GGO//PEDOT:PSS  HTM
VVoc,, Jssc, FF  PPCE  



3-265 
 

NiOx

NiOx

 

 

1.1.4.1.8 NiOx  
NiOx MAPbI3

-5.4eV

NiOx

Marks PEDOT:PSS

NiOx

[11] NiOx

NiOx

[12] NiOx

 

1.1.4.1-14 NiOx (MAPbI3)

MAPbI3 θ

14.08° 28.41° 31.85° MAPbI3 (110) (220) (310)

θ=37° NiOx (110)  

 

 
 
 

NiOx J-V 1.1.4.1-14 (b)

PEDOT:PSS Voc 1.0V

1.1.4.1-14  (a)  NiOx (MAPbI3)
 (b) NiOx PSC J-V
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forward reverse

1.1.4.1-14(b)  

NiOx PCE

r-GO

 

 
 
 
 

day Jsc[mA/cm2] Voc[V]  FF  Eff [%]  

0 11.35 1.01 0.78 8.9 

1 10.81 1.05 0.7 7.97 

2  10.43 1.05 0.67 7.17 

3 10.26 1.04 0.64 6.86 

4 10.25 1.04 0.62 6.61 

5 10.2 1.04 0.58 6.12 

 

NiOx

 

 

 

 
 
 
 
 
 
 
 
 
 

1.1.4.1-3  NNiOx 1.02cm2  
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1.1.4.2  
 

1.1.4.2.1  
 

1.1.4.2-1

1.1.4.2-1

PET 80

 

 

 

 

1.1.4.2-1  

(a)  

 

 

 

 

 

 

(b)  
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VertScan 3300L

1.1.4.2-2 PET

PET PEN

 

 

 

  /  

PET 

 

 

  

PET 

 

  

PEN 

 

  

 

1.1.4.2-1  

Sa=12nm 
St=1156nm 

Sa=1.6nm 
St=563nm 

Sa=0.7nm 
St=37nm 

Sa=8.8nm 
St=93nm 

Sa=1.3nm 
St=18nm 

Sa=0.6nm 
St=8nm 

1.1.4.2-2  
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1.1.4.2-3

1.1.4.2-4 AlPEN

30 m Al PEN Al

 

 

 

 

ITO 200

IZO

ITO IZO 1.1.4.2-2  

IZO ITO

300 ITO

IZO

1.1.4.2-3  

PEN 125μm  

b 20μm  

AL 30μm  

1.1.4.2-4  

1.1.4.2-3  
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 ITO 300  ITO  IZO  

Ω cm  1.3 1.5×10-4 4 5×10-4 3 5×10-4 

    

    

 

 

 
 

nm  Ω/cm2  
 

%  

 132 45 84.4 

 131 37 84.6 

 263 20 80.5 

 260 18 80.6 

 264 16 80.1 

400~800nm  

 

IZO 16 /cm2

400~800nm 80%  

IZO ITO

1.1.4.2-4

 

IZO ITO

 

 

 ITO IZO 

eV  4.58 4.61 

Ω/cm2  9.7 16 

%  88 80 

 

1.1.4.2-2 ITO IZO  

1.1.4.2-3 IZO  

1.1.4.2-4 IZO  
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1.1.4.2.2  
 

B5 P3B

FB5 FP3B 1.1.4.2-5

PET SiN

AlPET Al PET

 

 

1.1.4.2-6 42mm×42mm 7mm

4

 

 

PET/UC/SiN

ALPET

F-film

PET 100μm

Al 30μm

SiN 100nm

PET 125μm
UC 1μm

IZO 260nmTR-SCP197-70PCBM 130nm  

PDDOT:PSS 20nm
ZnO 20nm

Ag 150nm

a FB5  

PEN/UC/SiN

ALPEN

F-film

PEN 125μm

Al 30μm

SiN 100nm

PEN 125μm
UC 1μm

IZO 260nmMAPbI3  

Spiro-OMeTAD
TiO2 20nm

Au 100nm

(b) FP3B  

1.1.4.2-5  
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1.1.4.2.3 FB5  
 

FB5 1.1.4.2-5 6

B5 FB5 IPCE 1.1.4.2-7 FB5

IZO  

 

 

 Jsc 
mA/cm2  

Voc 
V  

FF PCE 
%  

 17.8 0.78 0.57 7.95 
 0.300 0.001 0.008 0.07 

 

1.1.4.2-5 FB5 6  

1.1.4.2-7 B5 FB5 IPCE 

1.1.4.2-6  
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FB5

B5 380nm UV

KU1000100

AM1.5G, 100mW/cm2 I-V

1.1.4.2-8  

 

 

1.1.4.2-8 B5 FB5  
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FB5 100 15%

300 78% 1000 65%

B5 100 11%

300 85% 1000 80%

FB5

 

 

 
1.1.4.2.4 FP3B  
 

FP3B P3B

1.1.4.2-6 1.1.4.2-9 FP3B

7~9% FP3B P3B

Jsc FF

 

 

 FP3B  P3B (Reference) 

Forward 1a 1b 1c 1d 3a 3b 3c 3d Ref-a Ref-b Ref-c Ref-d 

Jsc (mA/cm2) 16.65 16.62 16.28 17.09 16.54 16.49 16.56 16.56 17.13 17.10 17.01 17.02 

Voc (V) 1.07 1.07 0.92 1.07 1.08 1.08 1.07 1.08 1.04 1.03 1.04 1.03 

FF 0.46 0.49 0.35 0.51 0.49 0.51 0.46 0.51 0.52 0.52 0.52 0.52 

PCE (%) 8.15 8.65 5.21 9.34 8.71 9.17 8.15 9.10 9.20 9.24 9.24 9.21 
Rs (Ω) 63.30 57.30 212.0 49.47 59.36 53.91 70.33 55.21 44.87 43.09 43.09 42.49 

Rsh (Ω) 2000 2841 617.3 2471 2325 4793 1997 2332. 2356 3188 2748 2468 

Reverse 1a 1b 1c 1d 3a 3b 3c 3d 4a 4b 4c 4d 

Jsc (mA/cm2) 15.83 16.00 16.49 16.74 15.71 15.86 15.00 15.85 16.83 16.95 16.81 16.74 

Voc (V) 1.04 1.04 1.00 1.05 1.04 1.05 1.04 1.04 1.03 1.02 1.02 1.02 

FF 0.47 0.48 0.44 0.51 0.46 0.47 0.42 0.46 0.52 0.53 0.53 0.53 

PCE (%) 7.74 7.96 7.16 8.88 7.50 7.81 6.49 7.52 8.91 9.12 9.14 9.08 
Rs (Ω) 68.60 63.81 117.1 51.93 68.78 61.51 86.47 65.19 46.41 44.28 44.05 43.53 

Rsh (Ω) 2307 3842 1556 4142 1922 2628 1240 1750 7877 10968 11007 8195 

1.1.4.2-6 FP3B  
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Jsc 1.1.4.2-10

Jsc

FF Rs

 

 

1.1.4.2-10 FP3B P3B  

P3B  
FP3B  

1.1.4.2-9 FP3B P3B I-V  

(a) FP3B 1d  (b) FP3B 3d  

(c) P3B Reference  
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FP3B 1.1.4.2-6 3a~3d 1sun

1.1.4.2-11 Seric

AM1.5G, 100mW/cm2 I-V  

1000 3%

Jsc Voc FF

3a 3c 3d 500

 

 

 

1.1.4.2-11 FP3B  

a  b  

c  d  
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1.1.4.2-6 3b 3d LBIC

1.1.4.2-12

 

 

1.1.4.2-12 FP3B LBIC  

3b  3b  

3d  3d  
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1.2 2  
1.2.1 CEREBA  
1.2.1.1  

[1] CEREBA EL

EL

 

 
1.2.1.2 B5  
1.2.1.2.1  

 

1.2.1.2-1  

1.2.1.2-1 1

2 1 2  

2 1.2.1.2-2 A Ea

2

1.2.1.2-2 G T
Ea kB  

 

 

1.2.1.2-1   

(1.2.1.2-1

(1.2.1.2-2
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1.2.1.2.2 Multi-SUN  
1.2.1.2.2.1 Multi-SUN  

BHJ B5 Multi-SUN

JSC VOC FF PCE

1.2.1.2-1 1.2.1.2-1  

 

 

 

1.2.1.2.2.2  
1.2.1.2-2

1.2.1.2-2  

 

 

 

  

  

SH-642[ ] SU-642[ ]  

 

MAX-303  

/  

/  

 -40 150 SH-642 SU-642  

 30 95%RH SH-642  

 

 ND

10sun  

1.2.1.2-1  Multi-SUN  

1.2.1.2-1  Multi-SUN  
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ITO   10 /cm2  

26mm(W) 28mm(D) 0.7mm(T) 

 4mm 3mm 2  

2mm 2mm 2 1  

 

 
1.2.1.2.2.3 B5  

B5 1.2.1.2-3  

 

 
  

1.2.1.2-2   

2.1.2-2   

1.2.1.2-3  B5  
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1.2.1.2.3 B5 Multi-SUN  
1.2.1.2.3.1 25 UV  

B5

25 UV

3sun UV

1.2.1.2-3

2mm 2mm 2 1.8mm 1.8mm

1.2.1.2-5 1.2.1.2-6  

 

 

  

  

 Multi-SUN  

 25  

 1sun 2sun 3sun 5sun 

J-V  -1.0 1.0V 

0.01V 

50ms 

 1sun 186.5  

2sun 70.5  

3sun 23  

5sun 15.5  

 1sun 1 0 1 5 1 186.5  

2sun 1 0 1 5 1 70.5  

3sun 1 0 1.5 5 1.5 23  

5sun 1 0 1 5 1 15.5  

 

 

 2mm 2mm 1.8mm 1.8mm 2  

3mm 4mm 2.8mm 3.8mm 2  

 2mm 2mm  

UV  3sun King KU-1000100

 

1.2.1.2-4  

1.2.1.2-3  B5  
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1.2.1.2-5  B5  25 UV  

 

(A) (B) (C) (D)  

1.2.1.2-4 UV  
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1.2.1.2-5 1.2.1.2-6

1.2.1.2-6

 

1sun 5sun

25

 

UV

10 8  

UV

 

 

  

1.2.1.2-6  B5  25 UV  

 

(A) (B) (C) (D)  
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1.2.1.2.3.2 50 UV  

UV

UV

1.2.1.2-4

1.2.1.2-8 1.2.1.2-9

 

 

  

 Multi-SUN  

 50  

 1sun 2sun 3sun 5sun 10sun 

J-V  -1.0 1.0V 

0.01V 

10ms 

 1200  

1sun 1200 2sun 600 3sun 400  

5sun 240 10sun 120  

 1sun 2sun 10 0 24 30 24  

3sun 5sun 10sun 30  

 

 

 

2mm 2mm 1.8mm 1.8mm 2  

3mm 4mm 2.8mm 3.8mm 2  

 2mm 2mm  

UV  LUX400

 

1.2.1.2-7  

 

  

1.2.1.2-4  B5 50  
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1.2.1.2-7 UV LUX400  

1.2.1.2-8  B5  50 UV  

 

(A) (B) (C) (D)  
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1.2.1.2-8 1.2.1.2-9 1.2.1.2-5 1.2.1.2-6

 

� 1 5sun

 

 

2sun  

� 10sun  

5sun

 

� VOC  

1.2.1.2-9 2sun 1 3

5sun

1 3 5sun 8 2sun 11

 

11 5sun

8 1.2.1.2-10 1.2.1.2-11  

1.2.1.2-9  B5  50 UV  

 

(A) (B) (C) (D)  
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1.2.1.2-10  5sun  

(A) (B) (C) (D)  

1.2.1.2-11  5sun  

(A) (B) (C) (D)  
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1.2.1.2-11

8 0 50

11

2sun  

1.2.1.2-12 0 50 500 1200 (sun)

J-V 50

J-V 11 J-V

J-V

JSC VOC FF PCE

 

 

 

B5 50

5sun  

 

  

1.2.1.2-12  J-V  

 ( )0 ( )50 ( )500 ( )1200  

(sun)  
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1.2.1.2.3.3 85 UV  
85 50

1.2.1.2-5

1.2.1.2-13 1.2.1.2-14  

 

  

 Multi-SUN  

 85  

 1sun 3sun 5sun 

J-V  -1.0 1.0V 

0.01V 

10ms 

 1200  

1sun 1200 3sun 400 5sun 240  

 1sun 10 0 24 30 24  

3sun 5sun 30  

 

 

 

2mm 2mm 1.8mm 1.8mm 2  

3mm 4mm 2.8mm 3.8mm 2  

 1sun 5sun 2mm 2mm  

3sun 3mm 4mm  

UV  LUX400

 

1.2.1.2-7

 

 

  

1.2.1.2-5  B5 85  
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1.2.1.2-13  B5  85 UV  

 

(A) (B) (C) (D)  

1.2.1.2-14  B5  85 UV  

 

(A) (B) (C) (D)  
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50

VOC

 

11

85

2  

 

1.2.1.2.3.4 85 50 UV  
2 1.2.1.2-15 1sun

1.2.1.2-16 3sun 1.2.1.2-17 5sun  

1sun 3sun 5sun

 

 

 

  

1.2.1.2-15  1sun 85 50  

 

(A) (B) (C) (D)  
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1.2.1.2-16  3sun 85 50  

 

(A) (B) (C) (D)  

1.2.1.2-17  5sun 85 50  

 

(A) (B) (C) (D)  
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1.2.1.2.4 B5 Multi-SUN  
Multi-SUN JSC VOC FF

PCE

 

 

1.2.1.2.4.1 UV  
B5 1 2 3 5sun

J-V 4 JSC VOC FF PCE

3sun UV King KU-1000100

1.2.1.2-4 UV

25

t=0 1.2.1.2-17

PCE 20hr 0.3 UV

3sun 4  

 

1.2.1.2-1

α α=1

β τ1 τ2 λ 4 β

β τ1 τ2 λ β

τ1 τ2 λ

1sun  

1.2.1.2-18 t=0  
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1.2.1.2-6 JSC R2

1 2

2 τ1 τ2

λ 0.2

0.4 τ1 τ2

τ2 3sun UV

=0.01  

 

 

EL

1sun τ2 γ

2 3 5sun 1sun

1.2.1.2-19 JSC τ1 τ2

τ2 γ 1.9 1sun

τ2 9000h τ2 6800h /

1.3  

 

 

1.2.1.2-6 (JSC) 

1.2.1.2-19  τ1 τ2 λ (JSC) 
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VOC PCE  JSC FF UV

SED

τ1 τ2

R2 <0.98

 

 

 

 

 

  

1.2.1.2-7 (VOC) 

1.2.1.2-20  τ1 τ2 λ (VOC) 

1.2.1.2-8 (PCE) 
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1.2.1.2.4.2 UV  
> 0.1

τ1 τ2 λ UV

τ2

25

UV 50

85 UV

LUX400 1.2.1.2-7

1.2.1.2.3.2

1 2 3 5 10sun N(sun) 1200/N (h)  

 

1 2 3 5 10sun 50

10sun JSC

SED

FF  2sun 1

3 5sun 2 10sun

10sun

 

1.2.1.2-21 τ1 τ2 λ

(PCE) 
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JSC β τ2

< 0.1

UV

 

 

1.2.1.2-22  UV  t=0  

1.2.1.2-9 (JSC UV ) 
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τ2 τ2

JSC

FF PCE 2sun

VOC 1 3 5sun 1sun

UV VOC 0.95

τ2 >1.0E8 VOC

 

 

 

 

 

 

 

 

 

 

1.2.1.2-10 (VOC UV ) 

SED

1.2.1.2-11 (FF UV ) 

SEDSED

1.2.1.2-12 (PCE UV ) 

SED
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1.2.1.2.4.3 τ2  
85  1 3 5sun 3sun 5sun

τ2 50 1.2.1.2-24 JSC

EL τ2

85 50  

2sun 10sun =50  1 3 5sun

 

 

  

1.2.1.2-13 (JSC UV

85 ) 

1.2.1.2-23 τ2 (UV

) 
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1.2.1.2.5  

85 50  

85 50 1sun,1200 80

1.2.1.2-25  

 

85 1sun1200 80

50 1sun1200 80

 
 
 

1.2.1.2-24 τ2  

(JSC UV 50 85℃) 

1.2.1.2-25 1sun,1200

50 85℃ 80  

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0 10 20 30 40 50 60

PC
E(

=1

hours

Multi-SUN 80

50 1Sun 85 1Sun
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1.2.1.2.6 B5 Multi-SUN  
B5 Multi-Sun 1sun 5sun

10sun 1sun 5sun

5sun

 

1 3kWh/m2 5sun Multi-SUN

1 120kWh/m2 5sun Multi-SUN 40

 

50 85 Multi-SUN

85

 

 

 

 
1.2.1.3 FB5  
1.2.1.3.1  

FB5 FB5

1.2.1.2 B5 Multi-SUN

1.2.1.3-1  

 

 

 

1.2.1.3.2  
FB5 65 85

 

1.2.1.3-1  
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FB5 65 85% ESPEC , SH-222

1

 

I-V

AM1.5G, 100 mW/cm2

J-V  

 

Ag IZO

FB5 1.2.1.3-1

Ag IZO

 

1.2.1.3-2 FB5 65 85%RH  

a,b,d 3 PCE -0.0160%/h  

 

 

 

 

 

 

 

 

 

1.2.1.3-1 FB5  



3-304 

 

1.2.1.3.3 FB5  
FB5 PCE -0.016%/h B5 2 

=17579h =0.4 1.2.1.3-3  

 

PCE PCE

PCE 1.2.1.3-1  

 

y = -0.0168x + 101.13
y = -0.0191x + 101.36
y = -0.0119x + 100.04

80

85

90

95

100

105

0 200 400 600 800

PC
E

(

Time(hours)

PCE( )

a
b
d

(a)
(b)
(d)

1.2.1.3-2 FB5 65 85%RH  

1.2.1.3-3  

0

20

40

60

80

100

0 200 400 600 800

PC
E(

)

Time(hours)

PCE

Multi-SUN …
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RH: (%) kB: T: K ,Ea:

eV PET/SiN

51kJ/mol 0.53eV [2] 25

50%RH 65 85%RH 19.4

1sun

3.32kWh/m2/day 24/3.32=7.23 1.2.1.3-3

1.2.1.3-4 Multi-Sun DH

 

 

 

 

60% B5 2.71 FB5

1.46 ( 1.2.1.3-1)  

 
 

1.2.1.3.4  
JIS C8991 

43kWh/m2 2% Multi-SUN

1.2.1.3-4  

1.2.1.3-1 B5 FB5  

0
10
20
30
40
50
60
70
80
90

100

0 10000 20000 30000

PC
E(

)

(hours)

PCE

Multi-SUN (1sun)
DH (65 ,85%RH)

T60(

B5 2.71 Multi-SUN

FB5 1.46 Multi-SUN
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B5,FB5

 

43kWh/m2 2% 1sun 138

86.6% 100% 138 t=0

100% 60% T60

1.2.1.3-2  

 

B5 T80 5

1sun 5160 54%

 

 

1.2.1.4 P5  
1.2.1.4.1 Multi-SUN  

P5 Multi-SUN

1.2.1.2 B5

 

1sun 3sun 5sun 10sun

Reverse

1.2.1.4-1 P5 10sun

B5 5sun 1

1.2.1.3-2 JIS B5 FB5  

1.2.1.4-1 P5 Multi-SUN  

0

20

40

60

80

100

0 500 1000

N
or

m
. R

EV
 P

CE

SUN x hour

1sun_c

1sun_d

3sun_c

3sun_d

5sun_c

5sun_d

10sun_c

10sun_d

T60( )
B5 4.91
FB5 2.21
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80  

1.2.1.4.2 P5  
1.2.1.2

Multi-SUN =1 1.2.1.2-

1 1.2.1.4-1  

 

0.6959 1.2.1.4-2  

2 1.2.1.4-2

1sun 2 6386 h 3.32kWh/m2/day

60% T60 1.2.1.4-1

2.01  

 

1.2.1.4-1 1  

1.2.1.4-2 2  

y = 6386.3x-0.95

100

1000

10000

1 10

τ2
(h

)

Nsun

1.2.1.4-2 P5 2  
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1.2.1.5  

 

(B5) 5sun Multi-SUN

40 60%

2.71 80%

80% 0.34

 

(FB5) B5 Multi-SUN

FB5 65

85%RH 20

60% 1.46  

P5 10sun Multi-SUN

80 60%

2.01  

 

 
[1] Kettle, J. et al., Sol. Energy Mater. Sol. Cells 167, 53–59 (2017). 

[2] ,

2014  

 

  

(1.2.1.4-1
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1.2.1.6  
1.2.1.6.1  

 

3 (1)

 [1-3] (2)

 [4] (3)  [5]

(2)

 

 

 

1.2.1.6.2 B5  
1.2.1.6.2.1  

 

785 nm 

10 mW 

0.85 cm−1 

10 s 

1  

100 °C 

 
 

0.0031 cm−1  

1450 1550 cm−1  
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1.2.1.6-1 1.5 cm−1 

1.2.1.6-2

 

1400 1550 cm−1 4

1459 cm−1

W T 1.2.1.6-3  

 

 

 

 

 

 

 

 

 

1.2.1.6-1  

1.2.1.6-2  
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W(cm-1 )= AT( ) + B 

  � 	 2 1 11.41 0.02 10 cm / C, 1460.67 0.01 cmA B� � �
 � � � � 
 �  

±1 °C  

 

1.2.1.6.2.2  
 

45  

B5 1.2.1.6-4  

1.2.1.6-1

 

 

 

1.2.1.6-3  

1.2.1.6-4 B5  
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 W T 
 1460.266 25 

1 SUN 1460.244 26 

3 SUN 1460.175 31 

5 SUN 1460.103 36 

10 SUN 1459.969 46 

 

40  

1.2.1.6-5 1.2.1.6-6

 

A B  

 � 	 2 1 11.45 0.02 10 cm / C, 1460.15 0.01cmA B� � �
 � � � � 
 �  

1.2.1.6-1  

1.2.1.6-5
 

1.2.1.6-6  
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±2 °C  

40 °C B5

 

1.2.1.6-1 39 °C

 

 W T 
 1459.642 39 

1 SUN 1459.852 25 

3 SUN 1459.567 45 

5 SUN 1459.536 47 

10 SUN 1459.426 54 

1 SUN

 

 

1.2.1.6.2.3 B5  

B5

±1 °C

10 SUN 50 °C  

10SUN 50 5mm 8mm

 

 

1.2.1.6-7 B5 40 °C 

1.2.1.6-1  
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1.2.1.6.3 P3B  
1.2.1.6.3.1 P3B  

785nm 1.2.1.6-8 830nm

1.2.1.6-9  

1.2.1.6-8 785 nm MAPbI3

 

1.2.1.6-9 830 nm  

 

1.2.1.6.3.1 830nm P3B  
830nm 810 cm-1 1610 cm-1

spiro-OMeTAD

1.2.1.6-10 1.2.1.6-11  

 

 

1.2.1.6-8 P3B 785 nm  

1.2.1.6-9 P3B 830 nm  
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Savitzky-Golay

1.2.1.6-

12 1.2.1.6-13 6 7 

 

 

 

 

 

 

 

 

1.2.1.6-10  

1.2.1.6-11  
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1.2.1.6.2.3 P3B  

ET-300

785 nm

785 nm

830 nm

 

MAPbBr3 785 nm MAPbBr3

 

 

1.2.1.6-12  

1.2.1.6-13  
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[1] H. Tsuji, A. Oda, J. Kido, T. Sugiyama, and Y. Furukawa, Jpn. J. Appl. Phys., 47, 2171−2173 

(2008). 
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[4] T. Sugiyama and Y. Furukawa, Jpn. J. Appl. Phys., 47, 3537−3539 (2008). 

[5] R. Iwasaki, M. Hirose, and Y. Furukawa, Jpn. J. Appl. Phys., 52, 05DC16 (2013). 

 



3-318 

1.2.2 CEREBA  
1.2.2.1 PRISM  

1.2.2.1.1  

1kW/m2 1kW/m2

PRISM (Programmable Reference cell 

system for Irradiance adjustment by Spectral Measurement) [1] PRISM

 

 

1.2.2.1.2 PRISM  
PRISM IV

 

PRISM

S( )
Emes( ) Eref( )

Eref( ) [2]

LED D50 3

 

S( ) [3]

 

 

1.2.2.1.3  
B1 SK-1150

PRISM

SRC-1100  

 

1.2.2.1.3.1  
1.2.2.1-1 1.2.2.1-1
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 DSR 

  

 
0,1,3,10,30,100,120mW/cm2 7
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1.2.2.1.3.2  
1.2.2.1-3 BLD-100

200lx  

 

1.2.2.1.3.3 PRISM LED IV  
JEITA ET-9101 200lx LED 200lx-L

1.2.2.1.3.1 B1

4.5253 10-3mA 4.5219

10-3mA IV LED BLD-100

SRC-1100 4.55 10-3mA

IV 1.2.2.1-2 IV 1.2.2.1-4

SRC-1100 5%  

 

 

 

 

0

0.1

0.2

0.3

0.4
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0.6
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μW
/c

m
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m
/n

m

nm
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[1] Nishikawa, Y., Imai, K., Miyao, K., Uchida, S., Aoki, D., Saito, H., Magaino, S. and 

Takagi, K. (2015), Irradiance adjustment system developed for various types of solar cells and 

illumination conditions. Energy Sci Eng, 3: 456–467. doi:10.1002/ese3.78 

[2] JEITA ET-9101  

[3] IEC 60904-8 Measurement of spectral responsivity of a photovoltaic (PV) device  

1.2.2.1-4 B1 IV 200lx-L  
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1.2.2.2  
OPV

OPV  

OPV

OPV

 

OPV

LED

 

 

1.2.2.2.1 OPV  
LED

OPV

500 600nm P3HT:ICBA

OPV

PET

OPV 1.2.2.2-1

600nm 70 400 600nm

16 1.2.2.2-2

OPV 400 600nm 22% 2 OPV

LED

 

 

 

 

 

 

1.2.2.2-1 OPV  
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1.2.2.2.2 OPV  
DNA

OPV

OPV

OPV OPV / 500

600 nm 2  

5

1.2.2.2-3 12

10 OPV

 

1.2.2.2-2 OPV  
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2016 8 8 9 1 2016 9 2 9 24

2 1.2.2.2-4

1.2.2.2-5 4

Control Clear OPV_H

OPV OPV_L OPV

6 OPV Control

30000 Lux

OPV

10

Control

OPV

 

 

1.2.2.2-4 1.2.2.2-3
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1.2.2.2.3 LED  
LED

LED , RX30 LED RX30

9 LED 380 nm, 400 nm, 420 nm, 450 nm,520 nm, 630 nm, 660 nm, 735 

nm, 5700 K( ) PC

LED OPV

10 25

CL-500A 360 780 nm

 

 

( ) :  48 W/m2 

( ) OPV OPV   53 W/m2 

( )   391 W/m2 

( ) OPV 158 W/m2 

( )   215 W/m2 

( )   85 W/m2 

6  

OPV

OPV

AM1.5G 360 780nm 540 W/m2

0.7 sun 0.4 sun

1.2.2.2-5  
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1.2.2.2.4  
LED A

a b B

 

A a b

a b a/b

a/b

 

B

1.2.2.2-6 LED

2

:3L2 3S2

OPV 4O6, 

5O6, 6O4

3L2 6C8 4C12, 5C12

OPV
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1.2.2.2.5  

OPV

OPV OPV

LED 2 OPV  

OPV

 

LED

1.2.2.2-6 LED  
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OPV

LED OPV LED

OPV
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1.2.2.3.  
1.2.2.3.1  

OPV

 

 

1.2.2.3.2  
 

OPV

 

CEREBA OPV

 

 

1.2.2.3.3  

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
 

Box OPV  
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1.2.2.3.4 POP  
LED 500 2000 Lux

OPV

POP

2.2.2-1 2.2.2-2  

1.2.2.3-1 POP  

1.2.2.3-2 POP  



3-331 

OPV

3.3V

2.5V  

2.2.2-3

4 A, B, C, D

2 8

 

POP 2.2.2-4

60 A  

1.2.2.3-3 POP  
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1.2.2.3.5  
CEREBA OPV

POP LED

CL-500A

2.2.2-5 599 Lux  

1.2.2.3-4 POP  

1.2.2.3-5 LED  
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1.2.2.3-6  

2.2.2-6

OFF

ON LED

599Lux

2.5V

 

1.2.2.3.6  

 

OPV

 

1.2.2.3.7.  
OPV

 

 

OPV
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1.2.2.4
1.2.2.4.1  

IoT

OPV

a-Si

 

1.2.2.4.2 OPV  
OPV

EnOcean 928MHz 1.2.2.4-1 OPV

LED

5

100 LED

20 1.2.2.4-2  

1.2.2.4-1 OPV .
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1.2.2.4-2 . 

10 LED 10

OPV

1.2.2.4-3

1000Lux

 

1.2.2.4-3 . 
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1.2.2.4-4

LED 33

30

2016 5 23 1 9

 

1.2.2.4-4 . 

1.2.2.4.3 OPV a-Si  
OPV

a-Si 1

OPV a-Si

1.2.2.4-5 OPV a-Si

OPV 40 OPV

36 60Lux a-Si 132 148Lux OPV 40

OPV 20 14Lux a-Si 56 28Lux OPV

2
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1.2.2.4-5 OPV,a-Si . 
2016 12 23  

2016 12 24  

1.2.2.4-6 OPV a-Si

OPV

1 1 9  

1.2.2.4-6 OPV,a-Si . 
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1.2.2.4-7 OPV a-Si

OPV

78Lux a-Si 178Lux OPV a-Si 2 1

a-Si

OPV

a-Si

OPV  

1.2.2.4-7 OPV,a-Si . 

1.2.2.4.4
OPV

a-Si  

OPV 1 7

 

a-Si OPV 2 1

200Lux 100Lux

OPV a-Si
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1.2.2.5  

1.2.2.5.1  
OPV

OPV

 

JEITA LED

Lx

W/m2 Lx

PRISM

LED

 

IoT

 

1.2.2.5.2  
2JCIE-BL01

UV

Nifty cloud mobile 

backend  

OPV

2

1.2.2.5-1  

1.2.2.5-1  
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1.2.2.5-2 7F 3F

2

LED OLED

OLED

50 lux LED  

LED 2017 6 OLED 2017 10  

1.2.2.5.3  

1.2.2.5-3 -7  

1.2.2.5-2
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1.2.2.5-4 6F1 (a) 2017/12/4 10:34:03 (b) 2017/12/1 8:35:34 

1.2.2.5-5 (a) 6F1 2017/11/30 16:46:36  

(b) 6F1 2017/11/30 16:43:40

1.2.2.5-3 6F1 (a) 2017/12/4 10:34:20 (b) 2017/12/1 8:36:35 
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(b)

OLED LED  

1.2.2.5-8

OLED LED  

1.2.2.5-6 6F2 (a) 2017/12/4 10:34:37 (b) 2017/12/1 8:36:55

1.2.2.5-7 (a)6F2 2017/11/30 16:47:18  
(b)6F2 2017/11/30 16:47:36
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1.2.2.5-8 7F1 2016 8 26 a)OLED (b)LED 
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1.2.2.5.4  
OPV

1.2.2.5-9 -12  

1.2.2.5-9 6F1 (a) (b)
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1.2.2.5-10 6F1 (a) (b)  
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1.2.2.5-11 6F2 (a) (b)  
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5 lux

200 300 lux

 

1.2.2.5-12 6F2 (a) (b)  
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OPV

1.2.2.5-13 -20  

1.2.2.5-13 7F1 LED (a) (b)
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1.2.2.5-14 7F1 OLED (a) (b)
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1.2.2.5-15 7F2 LED (a) (b)  
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1.2.2.5-16 7F2 OLED (a) (b)  
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1.2.2.5-17 3F1 LED (a) (b)
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1.2.2.5-18 3F1 OLED (a) (b)
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1.2.2.5-19 3F2 LED (a) (b)  
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10 lux

 

1.2.2.5.5  
 

Eref(λ) Smes(λ) 

P3HT:PCBM P1  

 

   

LED 1.02 A 

LED 0.92 B 

 1.33 C  

1.2.2.5-20 3F2 OLED (a) (b)  
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LED L

LED 8% 33%

 

1.2.2.5.5  

 

1.2.2.5-21 LED L  

1.2.2.5-22 D50
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IC

 

1.2.2.5-1

 

  

 

 

-40~125  

0~100%RH 

1~1.5mW 

 

 

 

 

0 1000kPa 

0 20N 

0.1 15mW 

 

 

 

640 480

 

50 400mW 

 

 

 

 

1g~ 10g 

120 300 /S 

75mA 

 

 

 

 

 

135dB 

 

30mW 

 

 

 

 

 

0 Lx 0.5mW 

 

 

 

 

2mT 7mT 0.1 10mW 

 CO2  

VOC   

300~5000ppm 

CO2  

120mW 

 

1.2.2.5-1 
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1.2.2.5-1 1.2.2.5-2  

 

Bluetooth ZigBee

EnOcean

 

Bluetooth 

Bluetooth

Bluetooth

 

2 ZigBee  

65,536

3 EnOcean  

 

 1.2.2.5-1  
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 ZigBee Bluetooth(L

E) 

LAN  EnOcean 

 IEEE802.15.4 IEEE802.15.1 IEEE802.11b/a/

g 

ISO/IEC1569

3 

ISO/IEC1800

0 

ISO/IEC 

14543.3.1x 

 2.4GHz 2.4GHz 2.4GHz 

5GHz 

135kHz 

13.56MH  

2.4GH  

315 928MH 

( 928MH

) 

 10 75m  10 100m  100 300m ~ m 200m 

 250kbps 1Mbps LE  

~24Mbps 

11Mbps 

54Mbps 

 125kbps 

 

:

 

:

 

60mW  120mW  3W   20~30mA( ) 

1.3μA( ) 10μW    100nA( ) 

      

 μs 1~2     

 65536 7 32   

 

  

 

 

  

  

  

 

 

 

http://iot-jp.com/iotsummary/iottech/wirelessstandard/.html 

http://www.soumu.go.jp/soutsu/hokuriku/img/resarch/children/houkokusho/section2.pdf  

http://micro.rohm.com/jp/techweb_iot/knowledge/iot04/s -iot04/01-s-iot04/1563 

 

1.2.2.5-2  
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1.2.2.6 OPV  
1.2.2.6.1

1

2-(2) OPV

OPV OPV  

 

OPV

OPV OPV

 

OPV

 

OLED

1.2.2.5.1-1  

1.2.2.6.1-1  
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1.2.2.6.2  
OPV

Si

 

 

 

1.2.2.6.3 OPV
OPV Si

EL

 

2.2.5.3-1 OPV  

OPV

 

1.2.2.6.3-1 OPV  

1.2.2.6.3-1 OPV 1.2.2.6.3-2

OPV  
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1.2.2.6.3-2 OPV

 

 

BIPV

 

IoT

 

 

OPV

 

1.2.2.6.3-1  
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1.2.2.6.3-1  

1.2.2.6.4 OPV Si  
OPV Si

 

OPV CPU

 

Si

 

OPV

OPV

OPV

 

OPV  

1.2.2.6.5  
 

 

1.2.2.6.5.1  
(1)

OPV LED OLED

OPV

OPV

 



3-365 

(2)

 

(3)

 

 

 

1.2.2.6.5.2  

 

 

 

1.2.2.6.5.3  
 

OPV  

OPV

 

 

1.2.2.6.5.4  
 

 

1.2.2.6.6  
OPV
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1.2.2.6.6-1  

1.2.2.6.6-1
 

1.2.2.6.6.1  

 

 

2.2.6.6.1-1  

1.2.2.6.6.1-1  
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1.2.2.6.6.1-1

 

 

1.2.2.6.6.2  
 

 

Va V1 

10  

10  

11  

-10 40  

1  

Min mA Max mA Ave. mA 

Timing Chart 1.2.2.6.6.2-1

 

Max  

1.2.2.6.6.2-1

1.2.2.6.6.3  
1.2.2.6.6.3.1  

OPV
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IC

LSI  

MPTT Maximum Power Point Tracking

LSI  

IC

LSI  

MPPT

 

 

LSI

 

 

 

 

10 1

 

 

1.2.2.6.6.4  

 

OPV

mini OPV

 

1.5

1.5 3  
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1.2.2.6.6.5  
PP  

 

PP CAD

 

Failsafe  

 

1.2.2.6.7  
 

1.2.2.6.7.1  
 

1.2.2.6.7.1-1  

OPV  

Off  

 

 

 

1  

 

 

On
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1.2.2.6.7.1-1

1.2.2.6.7.2  
3

LSI JRC NJM2845/46

1050mA

TO-252-3 TO-252-5 6.54 0.19 9.68 0.69 2.29

0.09 mm  

 

SW  

LSI Bluetooth  

 

1.2.2.6.7.2-1

 

1.2.2.6.7.2  
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1.2.2.6.7.3
1.2.2.6.7.3-1  

1.2.2.6.7.3-1  

SW On/Off

 

Vc1 Vc1 Voc Vf Vf

 

 

Vc1  

Vc1

 

SW Vc1  

Vc1  

SW On  

 

Vc1  

 

 

C1 Vc1  

Va V SW On 3.4V

Off  

ip t Base ic(t)

(t) ie(t) SW On Vc1 Vc1

C Vc1=Vc10+ (ip(t)+ic(t)+ii(t))dt/C  
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Vc1 ip  

ip  

1.2.2.6.7.4  
 

3.4V  

 

 

C F  

Vc1  

 

 

 

20%

 

 

1.5  

 

 

5% 1%  

1.2.2.5  

1.2.2.6.7 
 

 

I-V  
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1.2.2.6.8  
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1.2.2.7  
1.2.2.7.1 Overview 

OPV 1.2.2.7.1-1  

1.2.2.7.1-1 OPV  

 

1.2.2.7.1-1  

 

 

BIPV  

PVS  

1.2.2.7.2  
2017 2 PHV

EV
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A.

 

1.2.2.7.2-1  

1.2.2.7.2-1  
   

  

 

   

 

  

 70

 

29

3  

70

 

Centre Suisse d’Electronique et de Microtechnique SA

CSEM [1]

 

B.

PHV

 

C.
17

20 km/ 5
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PHV 180W 2.9km

6.1km [2,3] 1kW

16km 34km

 

A. B.

1kW 1.2.2.7.2-2

PHV

NEDO [4] 3 27

1.2.2.7.2-1

1 :

: 49:41:10

3 1

 

PV PV PV

PV PV

 

1.2.2.7.2-2  
 

 [m2] @1sun [%] 

 

 2.0 30 CIGS PbSn

PbBr

 

 7.3 10 CIGS

 

 1.7 8 OPV 
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NEDO  
NEDO 2016 4

CO2

2018 1 31

[5]  

EV, PHV, HEV

CO2

A-1

A-2 B-1 4 B-2

4 C-1 C-2 6

CO2 EV

40kWh A-1 1270W A-2 460W

B-1 870W B-2 130W C-1 1070W C-2 350W

A-2 B-2 C-2 500W

1kW

V2H

 

[1] CSEM  2014 10 28 https://www.csem.ch/Page.aspx?pid=38213  

[2] PHV

1.2.2.7.2-1 1  
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http://toyota.jp/priusphv/performance/charge/?padid=ag341_from_priusphv_top_perfor

mance03#  

[3]  2017 2 28

http://news.panasonic.com/jp/press/data/2017/02/jn170228-2/jn170228-2.html

[4] NEDO METPV-11

http://www.nedo.go.jp/library/nissharyou.html

[5] 2018 1 31

(http://www.nedo.go.jp/content/100873452.pdf)

1.2.2.7.3  
OPV

 

 

48,014 1

300 1440  

Si

 

Si

OPV  

G  

 

2015 456000

20% 9

500 4500  

2020
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1.2.2.7.4 BIPV  
BIPV

 

BIPV

 

BIPV
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2016  

 105.8  8967 2019  1  
2015  2021 3.9  

2021  1  632  

https://japan.zdnet.com/article/35100667/ 

  

http://www.bousai.go.jp/taisaku/hinanjo/pdf/hinanjo_kekkahoukoku_150331.pdf 

 3 2015  12  456,000  http://

www.konure.com/it/2016/02/base-stations.html 
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1.3 3  
1.3.1 CEREBA  
1.3.1.1  

[1,2]

[2-6]

 

 

UPS

UPS

2

 

2012

LEIPS [7-10]

KP KP UPS LEIPS

UPS LEIPS

X XPS

1.3.1.1-1

 

1.3.1.2
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1.3.1.3 1.3.1.4

1.3.1.5  

 

 

 

[1] 2 . 

[2]  85, 776 (2016). 

[] H. Ishii, K. Sugiyama, E. Ito, K. Seki, Adv. Mater. 11, 605 (1999). 

[4] P. Schulz, E. Edri, S. Kirmayer, G. Hodes, D. Cahen, A. Kahn, Energy Environ. Sci. 7, 

1377 (2014). 

[5] Y. Nakayama, T. L. Nguyen, Y. Ozawa, S. Machida, T. Sato, H. Tokairin, Y. Noguchi, 

H .Ishii, Adv. Energy. Mater. 4, 1301354 (2014). 

[6] S. Olthof, APL Mater. 4, 091502 (2016). 

[7] H. Yoshida, Chem. Phys. Lett. 539-540, 180 (2012).  

[8] H. Yoshida, J. Electron Spectrosc. Relat. Phenom. 204, 116-124 (2015). 

[9] H. Yoshida, J. Phys. Chem. C 118, 24337 (2014). 

[10] ,  84, 245 (2015). 

 

 

  

1.3.1.1-1  
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1.3.1.2  
1.3.1.2.1  

4

1

 

1.3.1.2-1

 

 

 

 

10-8 Pa UPS/XPS LEIPS

10-6 Pa

KP KP

 

UPS XPS

UPS HeI h�=21.22eV XPS Al K� h�=1486.7eV Mg K�

h�=1253.6eV UPS

1
A

0.3nA

 

1.3.1.2-1 
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LEIPS

IPES

LEIPS

5eV  [1-4]

0.5
A

2

3 260nm 285nm

340nm 260nm

IPES 2 UPS

 

1.3.1.2-2 UPS LEIPS

LEIPS

UPS 0.2eV LEIPS 0.4eV

 

 

 

KP KP

2

UPS LEIPS

 

1.3.1.2-2 UPS LEIPS
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KP

1SUN

10 1.3.1.2-3

 

 

 

1.3.1.2.2  

1.3.1.2-4

VBM CBM

HOMO LUMO

I

A

1.3.1.2-4

VBM HOMO CBM LUMO

UPS

LEIPS KP

 

 

 

1.3.1.2-4  

1.3.1.2-3 KP  
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VBM HOMO

p CBM LUMO n

1.3.1.2-5

 

 

 

VBM HOMO

CBM LUMO

1.3.1.2-6(a)  

1

1.3.1.2-6(b)

1.3.1.2-5  
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�
[5-7]

 

 

 

50nm

 

 
1.3.1.2.3  

KP UPS LEIPS 3

[8] UPS

LEIPS

KP

3

1.3.1.2-6  
(a)  

(b)  
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KP

UPS LEIPS

1.3.1.2-7 y = x

3 UPS LEIPS

 

UPS KP 0.1eV

UPS KP

 

LEIPS UPS LEIPS

0eV

KP

 

 

 

1.3.1.2-8 UPS LEIPS

UPS

LEIPS

0.1eV

KP

 

1.3.1.2-7 UPS LEIPS
KP  
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PTAA 1.3.1.2-9

UPS PTAA

100nm

KP

UPS

KP

 

 

 

 
[1] H. Yoshida, Chem. Phys. Lett. 539-540, 180 (2012).  

[2] H. Yoshida, J. Electron Spectrosc. Relat. Phenom. 204, 116-124 (2015). 
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[4] ,  84, 245 (2015). 

[5] H. Ishii, K. Sugiyama, E. Ito, K. Seki, Adv. Mater. 11, 605 (1999). 

1.3.1.2-8 UPS LEIPS  
 

1.3.1.2-9 PTAA UPS  
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[6] H. Ishii, N. Hayashi, E. Ito, Y. Washizu, K. Sugi, Y. Kimura, M. Niwano, Y. Ouchi, K. Seki, 

Phys. Stat. Sol. 201, 1075 (2004). 
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1.3.1.3  

HOMO

CV

IPES

LEIPS UPS

LEIPS

 

 

1.3.1.3.1 p n  
ITO

UPS poly-3-hexylthiophene P3HT

1.3.1.3-1 ITO [6,6]-phenyl- 

C61-butyric acid methyl ester PC60BM UPS LEIPS

HOMO LUMO UPS LEIPS

 

 

 

1.3.1.3-1

[1-4] PCBM indene-C60 bisadduct ICBA

LEIPS

1.3.1.3-1 PC60BM (a)UPS (b)LEIPS  
HOMO LUMO  



3-392 

PC70BM 0.15eV

UPS

PC70BM 0.3eV

 

 

 

HOMO LUMO

1.3.1.3-2

ITO HOMO LUMO

HOMO LUMO

CV PES

HOMO-LUMO

HOMO LUMO 1

 

 

 

1.3.1.3-1 P3HT  
* [1-4]  

1.3.1.3-2  
* [5-25]  
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1.3.1.3.2  

1 p n

 

DT-PDPP2T-TT:PC60BM

1.3.1.3-2

DT-PDPP2T-TT:PC60BM (a) ITO

(b)

 

 

 

UPS DT-PDPP2T-TT PC60BM

HOMO

1.3.1.3-3 UPS

UPS

DT-PDPP2T-TT 2 PC60BM

5.03 eV 6.03 eV

LEIPS

LEIPS

3.80 eV PC60BM

PC60BM  

1.3.1.3-2 DT-PDPP2T-TT:PC60BM  
(a) ITO (b)  
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4.76 eV

DT-PDPP2T-TT PC60BM

2

2

 

B1

P3HT ICBA 1.3.1.3-4 (a) (b) ITO

(c) IZO

(a) (b) ITO

P3HT HOMO ICBA LUMO

 

P3HT UPS LEIPS ICBA

p P3HT

2

 

 

1.3.1.3-3 DT-PDPP2T-TT:PC60BM UPS  
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1.3.1.3-5

HOMO p LUMO n

p n

 

1 p

Ip n An Ip An

Voc [26,27]

1.3~1.4 eV

Voc

Voc 0.7~ 0.8 V

 

 

 

1.3.1.3-4 B1  
(a) ITO (b) IZO  

1.3.1.3-5  
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1.3.1.3.3  

PEN PET ZnO

ITO

1.3.1.3-6 UPS LEIPS  

 

 
UPS

KP 1.3.1.3-3 7.49eV

[28] 7.3eV LEIPS

ITO
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1.3.1.4  

20% [1-4]

 

1.3.1.4-1 ITO

FTO ETL

PVS HTL

 

 

 
1.3.1.4.1  

UPS

LEIPS

1.3.1.4-2

(CH3NH3)PbI3;MAPbI3 P3

 

 

1.3.1.4-1  
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1.3.1.4-1

VBM CBM 2.5 – 2.6 eV

1.7eV[5]

 

 

 

Endres

[6] UPS LEIPS

VBM CBM

P3 MAPbI3 UPS LEIPS

1.3.1.3-4

 

1.3.1.4-2 MAPbI3 UPS LEIPS  
 

1.3.1.4-1  
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MAPbI3

1.3.1.4-1 2.0 eV

 

MASnI3

1.3.1.4-4 SnF2

 

 

 

2

1.3.1.4-2 SnF2 MASnI3 HOMO-LUMO

1.3.1.4-3 MAPbI3 UPS LEIPS  
 

1.3.1.4-4 ITO MASnI3  



3-401 

1.3eV [7,8] SnF2

1.3.1.4.6.1

 

 

 

1.3.1.4.2   
 

TiO2

UPS XPS [9]

UPS

UPS

brookite TiO2 UPS 1.3.1.4-5 UPS

 

 

 

1.3.1.4-3  TiO2

KP UPS

KP

TiO2 UV

TiO2

TiO2 UPS KP

1.3.1.4-2  

1.3.1.4-5 TiO2 UPS  
(a) (b) brookite  
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UPS TiO2

[2e] TiO2

 

 

 

 
UPS h��= 21.22 eV 58.4 nm

KP

1.3.1.4-6 TiO2

2

 

 

 

1.3.1.4-7

1

TiO2  

 

1.3.1.4-3  

1.3.1.4-6 TiO2  
(a)m-TiO2 (b)brookite TiO2 
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TiO2 MAPbI3 P3 UPS

1.3.1.4-8 MAPbI3 2 UPS

150nm

4.46eV KP 4.41 eV

100nm UPS

4.30 eV 2.32eV

UPS

TiO2

TiO2

TiO2

 

 

 

KP UPS

KP UPS/LEIPS

1.3.1.4-7 m-TiO2

1.3.1.4-8 ITO/TiO2/MAPbI3 P3 UPS
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1.3.1.4.3  

 

2,2’,7,7’-tetrakis (N,N’-di-p-methoxyphenyl-amine)-9,9’- 

spirobifluorene Spiro-OMTAD poly(triarylamine) (PTAA)

Spiro-OMTAD lithium bis(trifluoro methanesulfonyl)imide (LiTFSI)

4-tert-butylpyridine (TBP) Co FK102,Aldrich PTAA LiTFSI TBP

P3 PTAA

2 ITO

1/3

 

XPS

Spiro-OMTAD XPS 1.3.1.4-9

 

 

 

Spiro-OMTAD

PTAA 1.3.1.4-4 1.3.1.4-5

XPS

 

 

1.3.1.4-9 Spiro-OMTAD XPS  
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 HOMO LUMO

UPS LEIPS

1.3.1.4-10 ITO Spiro-OMTAD

PTAA 0.2~0.4eV UPS

HOMO LUMO

HOMO-LUMO

HOMO p

HOMO LUMO

 

 

 

 

1.3.1.4-4 XPS Spiro-OMTAD  

1.3.1.4-5 XPS PTAA  

1.3.1.4-10  
Spiro-OMTAD LUMO  



3-406 

1.3.1.4.4  
P3

P3 3.1.3-11

1.3.1.4.1

 

 

 

VBM HOMO

TiO2 CBM MAPbI3

1.3.1.4.2

1.3.1.3-11

 

 

LUMO LEIPS
IPES LUMO [10,11]

1eV IPES 10 eV

5 eV

LEIPS

 
ITO/TiO2/MAPbI3 LEIPS

3

1.3.1.4-12(a) 1 LEIPS

LEIPS

3.1.3-11 P3  
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25eV LEIPS

0.4 A

1.3.1.4-12(b) 30 1 LEIPS

25eV

1eV LUMO

LUMO

LEIPS  

 

 

16% NiOx/PCDTBT ITO

5 nm 10 nm 20 nm

UPS LEIPS 1.3.1.4-13  

 

1.3.1.4-12 ITO/TiO2/PVS LEIPS  
(a)LEIPS 25eV  

(b) 25eV LEIPS  
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UPS LEIPS 1.3.1.4-14

NiOx 5.44 eV PCDTBT

5.35 eV

 

 

 

UPS LEIPS

 

 

1.3.1.4-13 NiOx/PCDTBT
5~20 nm

UPS LEIPS  

1.3.1.4-14 UPS LEIPS
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1.3.1.4.5  
SnF2

[12,13]

(CH3NH3)SnI3; MASnI3

2 4

4

MASnI3

SnF2

[12,13] SnF2

 

ITO MASnI3 UPS LEIPS 1.3.1.4-15

SnF2

MASnI3 SnF2 20M MASnI3  

 

UPS LEIPS SnF2

SnF2

 

1.3.1.4.1 1.3.1.4-6 SnF2

MASnI3 VBM CBM

SnF2 VBM CBM

1.30 eV MASnI3 [7,8] SnF2

MASnI3 VBM CBM MASnI3

SnF2 VBM CBM 0.67 eV MASnI3

 

Sn2+ Sn4+ 4

[12,13] SnF2

4

SnF2

1.3.1.4-15 ITO/MASnI3 UPS LEIPS  
SnF2 SnF2 20M  
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4

VBM CBM MASnI3

 

 

 

FTO/c-TIO2/m-TiO2/MASnI3/PTAA/Au

MASnI3 PTAA

1.3.1.4.1

1.3.1.4-16 SnF2

SnF2  

 

 

SnF2 MASnI3 VBM PTAA

HOMO MASnI3 PTAA HOMO

CBM TiO2 CBM SnF2

SnF2 MASnI3

VBM PTAA HOMO

CBM TiO2 CBM

MASnI3 SnF2

1.3.1.4-6 ITO MASnI3  

1.3.1.4-16 MASnI3  
SnF2 SnF2  
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1.3.1.4.6  

[14]

AgBiI4 UPS LEIPS

1.3.1.4-17

VBM

CBM

 

 

 

VBM CBM

1.3.1.4-18

LEIPS CBM

TIO2 CBM

PTAA HOMO VBM CBM

1.8 eV

 

VBM AgBi2I7 1.46 eV 1~1.2 eV

AgBi2I7 HOMO

VBM PTAA HOMO

CBM 0.6 eV

0.7 eV TiO2 CBM

PTAA

 

1.3.1.4-17 AgBiI4 UPS/LEIPS  
UPS LEIPS  
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1.3.1.5  

UPS

LEIPS KP

UPS IPES

KP UPS

LEIPS

 

1

1.3.1.5-1

 

 

 

 

1.3.1.5-1  
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p n

HOMO LUMO

2

 

Voc Jsc
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1.3.2 CEREBA ISIT  

Thermally Stimulated Current: TSC

 

Thermally Stimulated Current : TSC

TSC

[1,2]

2000 TSC

[3,4] 2007

[5-15]  

 

1.3.2.1 TSC  
1.3.2.1.1  

P3HT PCBM

[7] TSC

P3HT ICBA

TSC

 

 

1.3.2.1.2  

poly(3,4-ethylenedioxythiophene) poly(styrenesulfonate) PEDT/PSS p

Regioregular Poly(3-hexylthiophene-2,5-diyl) P3HT n Di[1,4] 

methanonaphthaleno[1,2:2',3';56,60:2'',3''][5,6]fullerene-C60-Ih, 1',1'',4',4''-tetrahydro-, ICBA

1.3.2.1-1

indene ICBA G. Zhao

PCE 6.48 % Voc 0.84 V

Isc 10.61 mA/cm2 F.F. 72.7 %

[16]  
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O O

S

SO3
-  

S  
 

 

 

 

 1 ppm GB

P3HT 54 mg ICBA 27 mg 3 mL chlorobenzene

 

 GB 3  

 ITO PEDOT:PSS 3,000 rpm 60 sec

200 10  

 PEDT:PSS ITO GB 40

P3HT ICBA/chlorobenzene GB 300 L 1,700 rpm

120sec 80 5  

 GB 2.0 10-4 Pa Al 1.0

2.5 /s 1,500  

 GB 110 10

140 5  

 

 

Glass /ITO (150 nm)/PEDT:PSS (30 nm)/P3HT:ICBA (100 nm)/ Al (150 nm)  

 

1.3.2.1-2 P3HT:ICBA

PCE 4.05 % Voc 0.73 V Isc 10.2 mA/cm2

F.F. 55 % [16]

F.F.

TSC
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1.3.2.1.3 TSC  
P3HT ICBA

AM1.5 3 TSC TSC

 

 

 

 

ITO 150 nm /PEDT:PSS 30 nm /P3HT:ICBA 100 nm /Al 150 nm  

 

 

-80 K  

10 K/min 

TSC 90 K -183 423 K 150  

-1.0 V 

 

TSC 150

TSC 1.3.2.1-1

4.11% 3.04%

TSC 150℃

[7]

F.F. 150

10 K/min 0.17 K/s 150

150

TSC TSC TSC
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1.3.2.1-3 300 K 400 K

P3HT PCBM 300 K

400 K

 

 

1.3.2.1-1 TSC  

  3  TSC  

PCE  4.11 3.04 4.01 

Voc V  0.83 0.71 0.83 

Isc mA/cm2  8.79 8.47 8.74 

F.F.  0.56 0.50 0.56 

 

 

 

1.3.2.1.4 TSC  
TSC

TSC TSC

TSC

 

 

 

 

ITO 150 nm /P3HT 200 nm ICBA 200 nm /MgAg 100 nm  

 

1 mA/cm2 2  

-80 K  

10 K/min 
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TSC 90 K -183 423 K 150  

-0.01 V 

 

1.3.2.1-4 P3HT 100 K 150 K TSC

200 K [17]

100 K 150 K TSC P3HT

200 K TSC ITO P2HT

[17] ICBA

TSC

 

 

 
1.3.2.1-4 P3HT TSC  

 

 

1.3.2.1.5  
[7] P3HT:PCBM n

ICBA TSC

3

4.11% 3.04% 150 4.01%

TSC 300 K 400 K

300 K

400 K 300 K

 

[7] TSC

TSC
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TSC

 

 TSC  

EL TSC pA/cm2

ICBA

-0.01 V 1.3.2.1-5 (1)

10-4 mA/cm2

TSC

1.3.2.1-5 (2) (3) TSC

TSC

TSC  
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1.3.2.2 TSC  
1.3.2.2.1 CEREBA  

CEREBA TiO2 P1 Glass/FTO/ 

c-TiO2/m-TiO2/Perovskite/spiro-OMeTAD/Au TiO2 P3

Glass/ITO/c-TiO2/ Perovskite/spiro-OMeTAD/Au

1.3.2.2-1 P1 PbI2 MAI

2 P3 PbI2 MAI

1 H2O O2

ITO Au

P1:SN-02 P3:SI-02 1.3.2.2-1  
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(a) (b) 

1.3.2.2-1 (a) P1 (b)P3  

 SN-02 SI-02 

Cell ID A b c d a b c d 

Jsc(mA/cm2) 22.22  22.37  23.46  23.31  19.57 19.86 20.27 20.26 

Voc (V) 0.99  0.98  0.98  0.97  1.004 1.011 1.016 1.007 

FF 0.49  0.51  0.51  0.52  0.515 0.525 0.443 0.531 

����	� 10.80  11.25  11.81  11.70  10.13 10.54 9.12 10.83 

Rs (�) 8.7E+1  8.2E+1  2.0E+2 2.2E+2 1.1E+2 1.0E+2 5.0E+2 2.8E+2 

Rsh (�) 5.1E+3 4.7E+3 1.4E+4  2.0E+4 6.6E+3 1.0E+4 2.0E+4 2.7E+4 

 

1.3.2.2-1  
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1.3.2.2-7 JV . (a)P1 (b)P3  
 

P1 TSC 1.3.2.2-8  (a) TSC

1st scan (b) 3rd scan (a) 250k

1

(b)

 P1 P3 

 SN-01c SN-02d SI-01c SI02-c SI-02d 

         

Jsc (mA/cm2) 21.73 16.20 23.31 20.36 19.96 20.27 20.26 

Voc(V) 1.00 0.77 0.97 1.008 0.847 1.016 1.007 

FF 0.54 0.43 0.52 0.545 0.453 0.443 0.531 

PCE (%) 11.72 5.35 11.70 11.18 7.65 9.12 10.83 

Rs (Ω) 2.2E+2 1.7E+2 2.2E2 2.6E+2 2.3E+2 5.0E+2 2.8E+2 

Rsh (Ω) 1.7E+4 3.5E+3 2.0E+4 3.8E+4 1.2E+4 2.0E+4 2.7E+4 



3-432 

 

 

 

P3 TSC 1.3.2.2-9 P1 (a)

TSC 1st scan (b) 3rd scan P1

P3 TSC (a) 150K

TSC

TSC

160K

1.3.2.2.8

160K-270K TSC 250K

250K

(b)

250K ~300K

 

0

1 104

2 104

3 104

4 104

5 104

50 100 150 200 250 300 350

non-degraded
degrated (72h)

C
ur

re
nt

 d
en

si
ty

 (p
A/

cm
2)

Temp (K)

Vt=11.5V(4.9x10-5A)
Vt=7.7V(4x10-5A)

1st scan (90K-300K)

(a)

-3 102

-2 102

-1 102

0

1 102

2 102

3 102

4 102

5 102

50 100 150 200 250 300 350

non-degraded
degrated (72h)

C
ur

re
nt

 d
en

si
ty

 (p
A/

cm
2)

Temp (K)

Vt=11.5V(4.9x10-5A)
Vt=7.7V(4x10-5A)

3rd scan (90K-300K)

(b)

1.3.2.2-8 P1 TSC .  (a)1st scan (TSC) (b)3rd 
scan (Base) 



3-433 

 

 

 

TSC

1.3.2.2.8  

 

1.3.2.2.7 CEREBA  
TiO2 TSC 100K 160K 200K

250K TSC 160K

200K

 

CEREBA TSC

TSC 160K TSC

TSC

TSC

TSC

TSC

TSC

0

2 103

4 103

6 103

8 103

1 104

50 100 150 200 250 300 350

non-degraded
degrated (72h)

C
ur

re
nt

 d
en

si
ty

 (p
A/

cm
2)

Temp (K)

Vt= 15.9V(-5.9x10-5A)
Vt=20V(6x10-6A) (20min)

1st scan (90K-300K)

(a)

-3 102

-2 102

-1 102

0

1 102

2 102

3 102

4 102

5 102

50 100 150 200 250 300 350

non-degraded
degrated (72h)

C
ur

re
nt

 d
en

si
ty

 (p
A/

cm
2)

Temp (K)

Vt= 15.9V(-5.9x10-5A)
Vt=20V(6x10-6A) (20min)

3rd scan (90K-300K)

(b)

 

1.3.2.2-9 P3 TSC .  (a)1st scan 
(TSC) (b)3rd scan (Base) 



3-434 

 

TSC P1

P3

TiO2 P1 TSC

P3

TSC TSC

[18, 19]

 

 

 

 

1.3.2.2.8 TSC  
TSC

 

 JV TSC  

TSC

TSC TSC

JV 1.3.2.2-10 JV

(a) TSC

TSC (b)

TSC

TSC

JV  

 

 

 



3-435 

10-4

10-3

10-2

10-1

100

-0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5

(S0150819 N01-d)

(S0150819 N04-c)

Voltage [V]

C
ur

re
nt

 D
en

si
ty

 [m
A/

cm
2]

(a)

 

0

1 104

2 104

3 104

4 104

5 104

6 104

7 104

8 104

50 100 150 200 250 300 350 400

(S0150819 N01-d)
(S0150819 N04-c)

C
ur

re
nt

 d
en

si
ty

 (p
A/

cm
2)

Temp (K)

(b)

0

1 103

2 103

3 103

4 103

5 103

6 103

50 100 150 200 250 300

C
ur

re
nt

 d
en

si
ty

 (p
A/

cm
2)

Temp (K)

(c)

 
1.3.2.2-10 JV TSC . (a)JV  (b)TSC  (c)

( ) 
 

 

  

Pb 160K

330K [20] TSC

TSC

Vt 90K 300K

(1st) TSC TSC

300K 90K (2nd)

90K 300K (3rd) 1st

3rd

 

1.3.2.2-11 (a) 1st Pb

(b) 3rd 160K 250K

Pb [20]



3-436 

330K

( )

 

 

0

2 103

4 103

6 103

8 103

1 104

50 100 150 200 250 300 350

1)90K>300K
2)300K>90K
3)90K>300K

C
ur

re
nt

 d
en

si
ty

 (p
A/

cm
2)

Temp (K)

Vt= 15.9V(-5.9x10-5A)

(a)

  

-3 102

-2 102

-1 102

0

1 102

2 102

3 102

50 100 150 200 250 300 350

1)90K>300K
2)300K>90K
3)90K>300K

C
ur

re
nt

 d
en

si
ty

 (p
A/

cm
2)

Temp (K)

Vt= 15.9V(-5.9x10-5A)

(b)

 
1.3.2.2-11 TSC  (a) (b)  

 

1st TSC

0.5 x 102 pA/cm2

70 x 102 pA/cm2

TSC

TSC

 

 

  

1.3.2.2-12 2 TSC

ITO/PEDOT:PSS/Perovskite(Pb)/C60/BCP/Ag

300K( ) TSC

1.3.2.2-13 350K 300K

TSC

350K

 

 

 

 

 

 



3-437 

0

2 102

4 102

6 102

8 102

1 103

100 150 200 250 300 350

1st TSC
2nd TSC

C
ur

re
nt

 d
en

si
ty

 (p
A/

cm
2)

Temp (K)

Vt=2.9V(6.3x10-5A)
Vt=3.1V(9.6x10-5A) (a)

0

2 102

4 102

6 102

8 102

1 103

100 150 200 250 300 350

1st Base
2nd Base

C
ur

re
nt

 d
en

si
ty

 (p
A/

cm
2)

Temp (K)

Vt=2.9V(6.3x10-5A)
Vt=3.1V(9.6x10-5A) (b)

 
1.3.2.2-12 TSC ( 300K). (a)1st (TSC), (b) 

3rd (Base) 
 

0

5 102

1 103

1.5 103

2 103

100 150 200 250 300 350

1st TSC
2nd TSC

C
ur

re
nt

 d
en

si
ty

 (p
A/

cm
2)

Temp (K)

Vt=3.0V(7.4x10-5A)

Vt=3.7V(9.1x10-5A)

(a)

0

5 102

1 103

1.5 103

2 103

100 150 200 250 300 350

1st Base
2nd Base

C
ur

re
nt

 d
en

si
ty

 (p
A/

cm
2)

Temp (K)

Vt=3.0V(7.4x10-5A)
Vt=3.7V(9.1x10-5A)

(b)

 
1.3.2.2.-13  TSC ( 350K). (a)1st 

(TSC), (b) 3rd (Base) 
 

 

  

EL TSC Vc -0.01V

TSC

TSC

Vc TSC

1.3.2.2-14

ITO/PEDOT:PSS/Perovskite(Pb)/C60/BCP/Ag

(b)

TSC 1st (TSC)

3rd ( ) 1.3.2.2-15 (a)

1.3.2.2-15 (b) 1.3.2.2-15 (b) 150K

1K 1.3.2.2-15 (a) (160K)



3-438 

0.001V

 

 

 

-2 102

0

2 102

4 102

6 102

8 102

1 103

50 100 150 200 250 300 350

Vc = -0.01V
Vc = -0.005V
Vc = -0.001V

D
el

ta
 T

SC
 (p

A/
cm

2)

Temp (K)

(a)

-10

-5

0

5

10

50 100 150 200 250 300 350

Vc = -0.01V
Vc = -0.005 V
Vc = -0.001 V

de
lta

 T
em

p.
 (K

)

Temp (K)

(b)

 
1.3.2.2-15 TSC . (a) , (b)  

 

x [5]

[5]  

 

 

1.3.2.2.9  
CEREBA (P1 P3) TSC

-2 102

0

2 102

4 102

6 102

8 102

1 103

50 100 150 200 250 300 350

Vc=-0.01 V
Vc=-0.005V
Vc=-0.001 V

C
ur

re
nt

 d
en

si
ty

 (p
A/

cm
2)

Temp (K)

Vt=3.4V(8x10-5A)
Vt=3.4V(6.5x10-5A)
Vt=3.3V(4.7x10-5A)

(a)

-2 102

0

2 102

4 102

6 102

8 102

1 103

50 100 150 200 250 300 350

Vc =-0.01 V
Vc =-0.005 V
Vc =-0.001 V

C
ur

re
nt

 d
en

si
ty

 (p
A/

cm
2)

Temp (K)

Vt=3.4V(8x10-5A)
Vt=3.4V(6.5x10-5A)
Vt=3.3V(4.7x10-5A)

(b)

 

1.3.2.2-14 TSC . (a)1st 
(TSC), (b) 3rd (Base) 



3-439 

JV TSC

TSC

TSC

TSC

 

TSC

 

 

 

[1] R. H. Bube, Photoconductivity of Solids , Wiley, New York, p. 292(1960). 

[2] Z. Fang, et. al., Mater. Sci. Eng. B 5, 397(1990). 

[3] S. Karg, et. al., Synth. Met., 111-112, 277(2000). 

[4] A. G. Werner, et. al., J. Appl. Phys., 90, 123(2001). 

[5] C. Qin, et. al., Adv. Mater. 28, 466(2015). 

[6] M. Nakahara, et. al., Jpn. J. Appl. Phys., 46, L636(2007) 

[7] K. Kawano, et. al.,  Avd. Funct. Mater., 19, 3934(2009). 

[8] P. Imperia, et. al., Synth. Met., 124, 83(2001). 

[9] N. Von Malm, et. al., J. Appl. Phys., 89, 5559(2001). 

[10] J. Steiger, et. al., Synth. Met., 122, 49(2001). 

[11] T. Matsushima, et. al., Jpn. J. Appl. Phys., 46, L1179(2007). 

[12] T. Matsushima, et. al., Thin. Solid. Films., 517, 874(2008). 

[13] T. Matsushima, et. al., Jpn. J. Appl. Phys. 47, 1748(2008). 

[14] R. R. Haering, et. al., Phys. Rev., 117, 451(1960).  

[15] A. Baumann, et. al., J. Phys. Chem. Lett. 6, 2350(2015). 

[16] G. Zhao, Y. He, Y. Li, Adv. Matter., 22, 4355(2010) 

[17] C-Y. Yu, T-H. Jen, S-A. Chen, ACS Appl. Mater. Interfaces, 5, 4086(2013) 

[18] D. M. Pai, et. al., J. Phys. Chem., 88, 4714(1984). 

[19] G. G. Malliaras, et. al., Appl. Pys. Lett. 66, 1038(1995). 

[20] For example, H. S. Jung, N.-G. Park, et. al., small 11, 10(2015). 

 

 

 

 



3-440 

1.3.3 CEREBA  
1.3.3.1  

/

PHJ BHJ

BHJ

 

BHJ

BHJ

 

P3HT/ICBA B1 P3HT/PCBM

PVS PVS

CH3NH3PbI3 PVS CH3NH3SnI3

 

 

1.3.3.2  
1.3.3.2-1 BHJ

–

ns

/

1.3.3.2-1



3-441 

109

 

&

SHG OPA

0

8 ns  

10−5

S/N  

 

transient 

photovoltage, TPV transient photocurrent, TPC

TPV

VOC

 

1.3.3.2-1  BHJ  

−
+ −+

(1)

(2)

(4)

(3)

(4)
(5)

(5)

S
S

S
S  

O

O

P3HT

PCBM ICBA

2. 
& 3. 4. 5. 

fs ps ns μs

1. 



3-442 

ΔV
TPC TPV

ΔI
TPV/TPC

 

 

��
�

�
��
�

�
�
��

�

�
��
�

�
�


SC

00
Bid

eff
g

he

2
0

B
eff
gOC lnln

J
JTknE

nn
NTkEqV (1.3.3.2-1) 

0 K

 

 

 

1.3.3.3  
1.3.3.3.1  

B1 P3HT/PCBM BHJ 1.3.3.3-1

P3HT ICBA PCBM ICBA

B1 1:0.7

1sun 45

–

1.3.3.2-2 1.3.3.3-1 1.3.3.3-2

 

 

 

 

1.3.3.3-1  BHJ  

ITO (150 nm)

PEDOT:PSS (20 nm)

Al

AgAg

UVUV



3-443 

 
 

1.3.3.3-1  B1  

 

 

1.3.3.3-2  P3HT/PCBM  

Sample JSC / mA cm 2 VOC / V FF PCE / % 

 (100 nm) 8.95 0.73 0.53 3.50 

 (100 nm) 
8.09 

(90%) 

0.56 

(76%) 

0.42 

(79%) 

1.90 

(54%) 

 (200 nm) 6.75 0.80 0.54 2.91 

 (200 nm) 
5.30 

(79%) 

0.62 

(78%) 

0.38 

(70%) 

1.25 

(43%) 

Sample JSC / mA cm 2 VOC / V FF PCE / % 

 (100 nm) 8.85 0.58 0.53 2.69 

 (100 nm) 
7.60 

(86%) 

0.49 

(84%) 

0.43 

(81%) 

1.58 

(59%) 

 (200 nm) 7.48 0.58 0.46 1.97 

 (200 nm) 
6.15 

(82%) 

0.46 

(79%) 

0.33 

(72%) 

0.93 

(47%) 
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1.3.3.3.2  
BHJ

B1 200 nm 600 nm

1.3.3.3-3  

1.3.3.3-3a 1200 nm P3HT

P3HT 480 ps P3HT

[1,2] ICBA 20 ps

ICBA

700 1000 nm

P3HT

[3,4]

–

90% 1.3.3.3-3b

1.3.3.3-4

1400 700 550 nm

1000 nm

0 ps

1000 nm 1400 nm
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1.3.3.3-3 B1 200 nm (a)

(b)  
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1.3.3.3.3  
1.3.3.3-5 B1

1.3.3.3-5a 10 μs

700 1000 nm

700 nm 1000 nm

700 nm

1.3.3.3-6a 1000 nm 1.3.3.3-6b

P3HT/PCBM

P3HT

 

 

1.3.3.3-5  B1 200 nm (a) (b)
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130 °C 20 1000 nm
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1.3.3.3.4  
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1.3.3.3-3  TPC  

Sample 
τ1 

(μs) 

τ2 

(μs) 

 (100 nm) 
1.6 

(97%) 

8.0 

(3%) 

 (100 nm) 
2.3 

(87%) 

9.0 

(13%) 

 

1.3.3.3.5 EL  

EL

1.3.3.3-9a B1 100 nm EL

1.3.3.3-9a EL

1.3.3.3-1 CT ECT 1.39 eV

[7]  
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Br

[ 1. ]  

 

 

 

1.3.3.3-4   

Sample 
Eg

eff 

(eV) 

ECT 

(eV) 

qVOC 

(eV) 
ECT−qVOC 

(eV) 
Eg

eff−qVOC 

(eV) 
λ 

(eV) 

σ 
(eV) 

 (200 nm) 1.0–1.1 1.39 0.78 0.61 0.29 0.23 0.06 

 (200 nm) 0.8 1.39 0.61 0.78 0.16 — — 

 

 

1.3.3.4 PVS  

PVS

PVS
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EL CT

 

0 100 200 300

0.6

0.8

1

1.2

1.4

Temperature / K

qV
O

C
 /

 e
V

 
 



3-452 

 

 

 

1.3.3.4-1 PVS Eg

Eg Shockley

Queisser SQ PVS

SQ PVS

 

1.3.3.4-2 PVS

0 K Eg
eff

0.39 eV PVS

Eg
eff 1.56 eV PVS Eg

eff Eg PVS

PVS SRH

Eg Eg
eff 0.8 

eV PVS PVS

 
JSC 

(mA cm−2) 

qVOC 

(eV) 
FF 

PCE 

(%) 

Eg
c 

(eV) 

Eg − qVOC 

(eV) 

YM03 

(Fora) 
24.9 0.238 0.339 2.01 1.23 0.99 

YM03 

(Revb) 
24.2 0.228 0.323 1.79 1.23 0.99 

a , b , c PVS
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0.16 eV
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1.3.3.6 PVS  

FF FF FF

FF 1.3.3.6-1

(HTM) 40 nm 550 nm PVS

HTM FF

nid

Rs Rp 1.3.3.6-1  

 

 

 

Devices 
Eg 

(eV) 

qVOC 

(eV) 

Eg
eff 

(eV) 

∆qVoff 

(eV) 

∆qVCT 

(eV) 

∆qVtemp 

(eV) 

P3HT/PCBM 2.00 0.59 0.88 0.90 0.22 0.29 

PTQ1/PCBM 1.81 0.85 1.17 0.45 0.19 0.32 

PCDTBT/PCBM 1.90 0.91 1.31 0.36 0.23 0.40 

P3HT/PF12TBT 2.00 1.26 1.52 0.18 0.30 0.26 

PTQ1/N2200 1.81 0.78 1.04 0.43 0.34 0.26 

PCE10/N2200 1.67 0.77 1.10 0.30 0.27 0.33 

MAPbI3 (mp-TiO2) 1.57 1.03 1.56 ‒ ‒ 0.53 

MAPbI3 (d-TiO2) 1.57 1.06 1.56 ‒ ‒ 0.50 

1.3.3.5-1 BHJ PVS  
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1.3.3.6-1 HTM  

HTM  (nm) Scan direction nid Rs (Ω cm2) Rp (Ω cm2) 

~40 
Forward 1.6 6.0 2.0 × 105 

Reverse 1.3 6.0 2.0 × 105 

~160 
Forward 1.6 6.0 4.0 × 104 

Reverse 1.3 6.0 4.0 × 104 

~320 
Forward 1.6 7.5 8.0 × 105 

Reverse 1.3 7.5 3.0 × 105 

~550 
Forward 1.6 9.0 3.0 × 105 

Reverse 1.3 9.0 2.0 × 105 

 

FF  

�
�
�

�
�
�
�

� �
�


p

s

OC

OC
s

FF7.0
1FFFF

rv
v

(1.3.3.6-1) 

 

� 	
4.5

1.11FFFF
2

0s
s

s
rr ��
 (1.3.3.6-2) 

rs = JSC Rs / VOC rp = JSC Rp / VOC

FF

Rs Rp

FF 1.3.3.6-2 Rs Rp

FF 1.3.3.6-2

Rp

 

1.3.3.6-2

FF 0.83

nid 1 1.3.3.6-3

FF (<1013 cm−3)

FF 0.79

27.2%
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1.3.3.6-2  

Device 
parameters 

Perovskite 
devices 

with low Rs 

Perovskite 
devices  

with low Nt 

Perovskite 
devices with  
low Nt and Rs 

Crystalline 
silicon devices 

Nt (cm−3) ≈1015 <1013 <1013 <1013 

nid 1.6 1 1 1 

Rs (Ω cm2) 0.49 6.0 0.49 0.49 

Rp (Ω cm2) 5.0 � 104 5.0 � 104 5.0 � 104 1.1 × 104 

JSC (mA cm−2) 23.8 24 24 41.8 

VOC (V) 1.06 1.27 1.27 0.740 

FF 0.831 0.792 0.893 0.827 

PCE (%) 21.0 24.1 27.2 25.6 

 
1.3.3.6-2 ( ) ( ) FF  
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