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1)  
2) PV  
3)  

22 6 14 7 5
5

22 9 27 6
6

2 1 3
II

2
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1 3 II A
 

1 3 2
5-1  

 
5.1 1

 
5.1.1  

1 2 A
B

 
 

 
 

A  
  SAES Getters S.p.A.   
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2  
1 4 12  
A B 2

 
 

2 5 20  
 

 
1)  
2)  
3)  
4)  
5)  
6)  

 
5

 
 
5.1.2  

22 5 20 6
WVTR

 
1)  

1,000 0.1 g/m2/day 
MOCON 100 5 10-4 g/m2/day 

1 1 10-7 g/m2/day 
1 1 10-6 g/m2/day 

2) in situ  
1 1 10-6 g/m2/day 
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1 10-2 1 10-6 g/m2/day 
FTIR DuPont  

RH sensor ASTM D7191 DuPont  
RH Ordinary Capacitance Sensor / TiO2 Sensor / TCO Sensor  

in situ  
5.1 [1]

Ca Ca
NREL [2] 5.2 5.3 DuPont

FTIR 5.4 [3]  
 
 
 
 
 
 
 
 

5.1  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.2  
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? a = Height of CH peak
b = Height of Moisture Peak
R = b / a

<Calibration>
Encapsulant ?
? Karl-Fishier
? R 

Spot

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.3 Ca  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.4 FTIR  
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5.1.3  
5.5

0.5 g/m2day 10-2 10-3 
g/m2day 10-4 10-6 g/m2day

TPT
WVTR 2.0 g/m2day 0.5 g/m2day

 

5.1

 

ZnO
ZnO+H2O Zn(OH)2 300 nm ZnO

ZnO 1 m2 2.8 1022

300 K 50%RH ZnO 10%
ZnO H2O 5.2

ZnO EVA

 
 
 
 
 
 
 
 
 
 

5.5  
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10%

10-2 g/m2 day 8.3

10-3 g/m2 day 83

10-4 g/m2 day 833

10-5 g/m2 day 8333

5.1  

 
 

5.2  ZnO 10%  
 
 
 
 
 
 

EVA

5.6
1) 5)  

1)  
2) EVA  
3)  
4) 40 90 RH  
5)  

― 176 ―



7 
 

EVA EVA

5.7 5.8 5.8
10-2 10-3 g/m2day EVA

 
 
 
 
 
 
 
 
 

5.6  
 
 
 
 
 
 
 
 
 
 
 
 
 

5.7  
 
 
 
 
 
 
 
 
 

5.8  
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10-2 g/m2day
4 10-3 

g/m2day

EVA
EVA

40 90%RH DH
85 85 RH EVA

 

 
1) 

 
2)  
3) 

 
4) 

 
5) 

 
 
5.1.4  

Isovolata [4]
5.3 PET-SiOx-PET DH

PVDF-PET-Primer PVF-PET-PVF DH2000
EVA

3 DH
PET-SiOx-PET 700

1400 PVDF-PET-Primer
PVF-PET-PVF

 
 
5.1.5  

5.4  
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No Laminated Film EVA Adhesion to EVA [N/cm] after 
damp heat aging

0h 500h 1000h 1500h 2000h

1.1 PET-SiOx-PET 485(Etimex) 40 1 1 1 1

2.1 PVDF-PET-Primer 485(Etimex) 30 25 19 17 15

3.1 PVF-PET-PVF 485(Etimex) 64 62 60 59 55
1.2 PET-SiOx-PET 15295(STR) 3 1 1 1 1

2.2 PVDF-PET-Primer 15295(STR) 25 22 18 15 12

3.2 PVF-PET-PVF 15295(STR) 40 40 30 25 20

5.3 DH  
 
 
 
 
 
 
 
 

485(Etimex) 15295(STR)  
 

5.4  
 
 
 
 
 
 
 
 
 
 
 
 

Toledo [5]
EVA

1970 1980
EVA

Dow Corning
Sylgard 182

EVA Dow 
Corning 93-500

 
EVA [6]

58 W/m2 3000 h UV EVA
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NMR FT-IR

 
EVA

[7] 400 nm
NMR

GC-MS EVA ATR-FT-IR
EVA

Sumisorb130

EVA  
EVA EVA

EVA
UV

 
 
5.1.6  

[8] Ca [9]
KRI 2001

10-5 g/m2day
5.9 Ca 2001 Philips Nisato Ca + 

2H2O  Ca(OH)2 + H2 Ca
2005 EL

10-5 g/m2day 5.10 Ca
 

5.11
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Ca 10-5 g/m2day
Ca

[10] SAES Getters
B-Dry  
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5.10 Ca  
 
 
 
 
 
 
 
 
 
 

5.11  
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5.2 3  
5.2.1  
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1 4 12  
PCT

 

 
HAST  

 
TC DH HF  

 
 

 

 
 

 
 

 
TEG  

1 10  
 

T 85  
85 85  

 
PV 65 -10  

3000m  
 

 
 

 
 

PV
 

 

5.2.2  
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5 20  

PV WEB  

TEG  
IEC PV

 
883  

61730-2 MTS-16
4 2000V  

TC T
 

 
FMEA FMEA

 
FMEA BS  

 
 

 
 

WEB
 

2006 09 A
EVA   

2006 10 B 2003 2

  
2005 05 C 1999-2001

  
 

MST  
MST

5.12  
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BSBS

EVA

 
5.12 MST  

 
 

[1]  
Many possible failure mechanisms 

CdTe has shown instability of back contact (diffusion?) 
Edge seal may allow water into glass/glass module 
Partial shunts or conducting diodes may be seen at scribe lines or other defected 

areas 
Adhesion to glass can be problem 
Role of sodium is important in CuInGaSe modules, but sodium can move 
Currently, the biggest effort with CuInGaSe is to try to put it on a flexible substrate 
– requires excellent barrier coating unless cell can be hardened to moisture 

 
 

NREL [2]
5.13  
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5.13 NREL  

 
FMEA  

FMEA 5.5
3 5 3 1

 
 

5.5 FMEA  
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FMEA  
FMEA 5.6 [3]

RPN P D C
 

RPN = P * D *C 
5 125

 
 

5.6 FMEA  

 
 
 

 
EVA

2
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5.14  

 

5.14  
 
5.2.3  

22 6 14
 

 
 

 
TEG  

 
 

? BS (
) ? BS ?  

IV
 

 
NEDO  

AIST PVTEC  

 
FMEA
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