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Blue: cryst. Si, PVF/PET/PVF backsheet
Red: thin film Si, PAP backsheet
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M. Miyashita and A. Masuda, 
Proc. EUPVSEC 2013, p. 2828.

Larger amount of acetic 
acid remains in the module 
showing higher 
degradation.

M. Miyashita and A. Masuda, 
Proc. EUPVSEC 2013, p. 2828.
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PID (Potential-Induced Degradation)
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c-Si PV module and PID test

–c-Si

BS

Al plate

EVA

Vacuum 
lamination

–1000 V, 85 , 2–1000 h
(no control of humidity)

To generate PID
easily and immediately

EVA

Back sheet

p-type Si cell

Soda lime glass

Structure of the module 

Soda lime glass
Conductive
sheet

Multicrystalline Si
(156 mm x 156 mm)
One-cell module

The conditions of several PID tests

Institute Front Temp. 
/ 

Hum.
(%)

Voltage
/ V

Time
/ h

Fraunhofer-
CSP Al foil 50 50 -1000 48

Pl-Berlin Al foil 85 85 Max S.V. 48

NREL (IEC) — 60 85 Max S.V. 96

Schott Al foil 25 — -1000 168

Chemitox Water 60 85 -1000 96

Sanvic Al plate 65 — 750 21

AIST Al plate 85 — -1000 2–24

Max S.V. : Maximum system voltage
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Different degradation by changing 
PID test condition

Name Front
cover

Temp.
/ 

Hum. 
(%)

NREL — 60 85

25/Water Water 25 —

Chemitox Water 60 85

AIST Al plate 85 —

Time / h

R
el

at
iv

e 
Pm

ax

The AIST test

NREL

25/Water

AIST

c-Si PV modules with same 
components (1 cell and 4 cells)

Applied voltage : -1000 V

Chemitox

Rapid indoor PID test (110 
times faster than the NREL 
test) for selecting module 
materials and optimizing 
module structure.

PID in a standard c-Si PV module

Voltage / V

C
ur

re
nt

 / 
A

2.5h

1.5h

4.5h

19h

0.5h
0h

Time / h Isc / A Voc / V FF Pm / W Eff. (%)

0 8.66 0.61 0.75 3.98 16.4
0.5 8.69 0.60 0.74 3.87 15.9

1.5 8.36 0.58 0.40 1.93 7.9

2.5 7.69 0.30 0.26 0.60 2.5

4.5 6.58 0.12 0.25 0.20 0.8

19 4.54 0.03 0.24 0.04 0.1

PID test condition: –1000 V, 85

0h (16.4%) 0.5h (15.9%) 1.5h (7.9%) 2.5h (2.5%)

Change in the EL imageJS
ES
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Effect of voltage and temperature on PID
C

ur
re

nt
 / 

A

Voltage / V

Temp  
/

Isc / 
A

Voc / 
V

FF Pmax / 
W

Eff.(%
)

25 8.62 0.62 0.75 3.99 16.4

45 8.67 0.62 0.69 3.71 15.2

65 6.54 0.10 0.25 0.17 0.7

85 4.23 0.03 0.25 0.03 0.1

High negative voltage
and high temperature 
are effective to PID.

I-V performance after the PID test 
by applying –1000V for 24 h

I-V curves after the PID test 
at 85 C for 24 h

–1000V 

–200V 

–400 V

Effect of reverse voltage in PID

C
ur

re
nt

 / 
A

+1000 V, 85 , 2 h

After PID test

Voltage / V

Before PID test

Partially recovered

–1000 V

+1000 V

Voltage / V

C
ur

re
nt

 / 
A

7 days
4 days

No degradation

Reverse voltage to a degraded 
module (+1000V, 85 , 7days)

High minus voltage is important for causing PID.
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PID EL
Al –1000 V, 85 C

(A) PID: 0 h (B) 2 h (C) 4 h

(D) 6 h (E) 7 h
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PID-resistant modules

Voltage / V

C
ur

re
nt

 / 
A

PID test
after 1000h

Before PID

PID test –1000 V, 85 , ~1000 h

No degradation even 
after 1000 h of PID test  

Time / h

R
el

at
iv

e 
Pm

ax
EVA

Using IO or PO instead of EVA

POIO

IO

Back sheet

Si cell

Soda lime glass

IO : Ionomer
PO : Polyolefin

Encapsulants whose high volume
resistivity can prevent PID.

Volume resistivity and leakage current 

Polymer Volume resistivity
/ cm

Leakage current
/ A

EVA 2.5 x 1014  5.9–6.3

EVA 1.7 x 1014 ––

Ionomer 8.8 x 1016 0.3–0.9

Polyolefin 1017 <0.2

Leakage current during the PID test decreased with 
increasing volume resistivity of polymer.
Polymers which have high volume resistivity can 
prevent PID. 
JS
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PID-resistant module using ionomer film with EVA

Voltage / V

C
ur

re
nt

 / 
A After PID test

Before PID test

PID test –1000 V, 85 , 2 h

No degradation was observed by introducing an ionomer film.
 one of promising low-cost PID resistant techniques

Voltage / V

C
ur

re
nt

 / 
A

After PID test

Before PID test

Ionomer
(30 m)

Std. module

EVA

Back sheet

Si cell

Soda lime glass

EVA
Back sheet

Si cell

Soda lime glass
Ionomer

PID resistant module with TiO2-coated glass 

C
ur

re
nt

 / 
A

Voltage / V

TiO2-thin film coated on glass 
100 nm, sintered at 200

PID test : –1000 V, 85 , 2 h

Voltage / V

C
ur

re
nt

 / 
A

After PID test

Before PID test
Standard module

Saga Ceramic Research Laboratory

After PID test

Before PID test

Glass coated with oxide films such as TiO2 also can prevent 
PID.

EVA

Back sheet

Si cell

Soda lime glass

EVA
Back sheet

Si cell

Soda lime glass
TiO2-thin filmJS
ES
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PID

PID

PID in n-based Si PV module

Voltage / V

C
ur

re
nt

 / 
A PID 2 h

Before 
PID test

PID test –1000 V, 85 , 2 h

Voltage / V

C
ur

re
nt

 / 
A PID 8 h

Before PID test

PID 2 h

n-type

AR Ag

n+

p++ p+

p-type

AR Ag

p+

n++ n+

n-based Si PV

Mechanism of PID is different between p and n-based Si PV 
modules.

p-based Si PVJS
ES
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PID in a-Si PV modules
Change in the EL image

0 h 24 h

48 h 72 h

Voltage / V

C
ur

re
nt

 / 
A

0 h

PID test –1000 V, 85

2 h

24 h
48 h

72 h

PID occurred in a-Si PV module. 

a-Si PV module after PID test

Delamination of a-Si layer 
and/or TCO was observed.
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PID in CIGS PV modules
PID test : –1000V, 85

C
ur

re
nt

 / 
A

7 days

Before PID test

Degradation occurred in long-term test.

14 days

3 days

Voltage / V

EVA
Back sheet

Soda lime glass

CIGS submodule

PID

Time / h

R
el

at
iv

e 
Pm

ax

a-Si

c-Si

CIGS PID
c-Si > a-Si > CIGS

Al
–1000 V, 85

CIGS
PID

61
2014.
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PID PID

100 /h 400 /h

Y. Aoki et al. Jpn. J. Appl. Phys. 51 (2012) 10NF13.
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