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M. Miyashita and A. Masuda,
Proc. EUPVSEC 2013, p. 2828.
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DH test for 3000 h

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

r—— Structure of the module . -
iz A Vo =
/

| Soda lime glass |

EVA

Back sheet
Multicrystalline Si Vacuum .
(156 mm x 156 mm) lamination
One-cell module \

|
+

Al plate

Soda lime glass

(no control of humidity)

To generate PID
ily and immediatel

BS

AIST NEARBIRMAEL2—

The"c ONS e al PID tests

stitute Tem Hum. Voltage Time
' 1 (%) IV /h

ofer- Al foil 50 -1000 48

Al foil 85 85 Max S.V. 48

— 60 85 Max S.V. 96
Al foil 25 — -1000 168
Water 60 85 -1000 96
c Al plate 65 — 750 21
AIST Al plate 85 —_ -1000 2-24

Max S.V. : Maximum system voltage
wornas, RS
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Different degradation by changing

Temp. Hum.
EIEEE
60 85

25 —
60 85

Al plate 85 —

pplied voltage : -1000 V

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

module

test condition: —1000 V, 85°C

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

0h (16.4%)

8.66 0.61 0.75  3.98 16.4
8.69 0.60 0.74 3.87 15.9
8.36 0.58 0.40 1.93 7.9
7.69 030 0.26 0.60 2.5
6.58 0.12 0.25 0.20 0.8
454 0.03 0.24 0.04 0.1

PID test condition
c-Si PV modules with same
components (1 cell and 4 cells)
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o
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O
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19h 19
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age /| V

Change in the EL image

0.5h (15.9%)

1.5h (7.9%)

2.5h (2.5%)
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Current/ A

AIST KEALREEIFHRER 52—
Effect of voltage and temperature on PID

I-V curves after the PID test
at85° Cfor24h I-V performance after the PID test
0 by applying —1000V for 24 h

Pmax/ Eff.(%
sl S W )
\ \ 075 3.99 16.4
8 i !

.62 069 3.71 15.2

F 3

0 025 0.17 0.7

-1000V

High negative voltage
and high temperature
are effective to PID.

b D1 02 03 04 05
Voltage / V

NELRETIFMEE 41—
voltage in PID

everse voltage to a degraded
odule (+1000V, 85°C, 7days)

10

+1000 V, 85°C,2 h

Be.fore I%ID t
.___... al
E & g 13
g s
= al | =
3 o 3*
y . \ _A4days\ |
02 O3 04 05 06 O7F 000.10.20.8040.50.60.?
Voltage / V Voltage / V
No degradation Partially recovered
High minus voltage is important for causing PID.
s RS RTIPR
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PID-resistant modules
N Using 10 or PO instead of EVA
PID test : —1000 V, 85°C, ~1000 h
10 : lonomer
10 PO : Polyolefin
[ Lo 12
| Before !PID .
8L | lpiDtest \ | o !
< | fafter [1000h | ©
- i i Eosl-
-E -] i 1 1 o
o : i : o
= . 206
: :
O 4} o | ©
2 0.4
. | Sicell |
B!ack s!\eet ! |
e TR TR TR YT 0 2G40 60 80 1000
Voltage / V Time /h

Encapsyulants whose high volume
can prevent PID.

No degradation e
after 1000 h of PID

NELEETFHRE 54—

Volu d leakage current

Volumé stivity Leakage current
Polymer / / uA

014 5.9-6.3
VA 7 x 1014 —

IanGmer 8.8 x 1016 0.3-0.9

Po fin 1017 <0.2

EVA

ge current during the PID test decreased with
gasing volume resistivity of polymer.

Polymers which have high volume resistivity can
prevent PID.

s RS RTIPR
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PID-resistant module using ionomer film with EVA
PID test : 1000 V, 85°C, 2 h lonomer
(30 um) WTA
10 10
Before PID test
8- af
< After PID test <
5 4 EVA 5
© | Sicell | y
2r Back sheet
Std. module
000.10.20.30.405 000:10:20:30:40:50.&&?
Voltage / V Voltage / V
No degradat S observed by jntroducing an ionomer filrg
— one of p g low-cos esistant techniques

AIST

PID res

est: —1000 V, 85°C,2 h

i 1
odule Before P | iBefo re PID test
BF '
| After PID ftest |
2 <1 | o
2 gep L L1
g E Soda lime glass [
3 S 4 TiO,-thin film —+
2l EVA__:
heet Back sheet :
S N I N
D 01 D2 03 04 DE 08 047

Voltage / V

Voltage / V
Glass coated with oxide films such as TiO, also can prevent
Pib-

ith ,-coated glass

NELEETFHRE 54—

baga Ceramic Research Laboratory

TiO,-thin film coated on glass
100 nm, sintered at 200°C

¢ 01 02 O3 04 05 08 LT

s RS RTIPR
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m%ﬁu PIDﬂﬁT 4 %EJ—:&“J—»

Aghrik
Isc | 0.488
Voc! 0.
Voo, 008 1 Gt
Prn | 0.00

sHIN—HSRETH)ILI S
NP AXED21—)L
- PIDit 144,35

e

NEAREIEHME R 4—

module

n-based Si PV

Before PID test

Voltage / V

modules

PID 2 h
< < PID 8 h
£ £
o o AR Ag
5 5 _
o (&)
n-type
2L
n+
o 01 n.z o.a II.4 u.s a.a 0.7 00 01 02 03 04 65 08 07

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

Voltage / V

s RS RTIPR
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PID in a-Si PV modules
PID test : —1000 V, 85°C Change in the EL image

0.16

Oh

012

Current/ A
[=]
8

0.04 |

a 5 1I0
Voltage / V

PID occurred in a-Si

NELEETFHRE 54—

af PID test

Delamination of a-Si layer
and/or TCO was observed.
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PID in CIGS PV modules

| Soda lime glass | PID test : —1000V, 85°C

CIGS submodule

EVA

Back sheet

Current/ A

I S S S ST T
Voltage / V

Degradatiogoccurred in long-term te

NEAREIEHME R 4—

E D LB

AlSE Y i%
-1000 V, 85°C

PIDZ{LE
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oy

(-]
(-]

Relative Pmax
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o

CIGS & [ LLBaY
PIDAE Z YIZ < Ly

- Q2
Y h

0

0 20 40 60 B

Time/h HiE L Ofth, 556136 AE
—_ - . | FEEEFMEES. 2014.
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Pmax*
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Pmax retention
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Pmex DML/TC
100 'M\”H
Y 96 -
2, —o—No.1 (MC4E)
E 92 -#-No.2(MCH)
1.3 No.3(MCH)
88
84 RAVBITY
0 1 2 3 4 5 6 7 10 7%’%‘@—&)[/
< —4 > XNo. -—G%‘_L il ‘i
e " —4T s AN
Eoa—llbwmaF 1 5 5 5 2 o
Nol| 49005+ 5%& [DMLE0| TC50 50 [DMLSa | Tos0 TC50 — —
No2 | TA42055% 58 |DMLE0 | TCEQ 50 |DMLE0 | Tos0 | DMLAD | ToED - -
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~~24F240 [ 1IS /F  ~-2aF241/01S [ F

-/-28F243 [ IS /B -#-24F245 / IEC [ F
-m-24F246 [ IEC | F -4-24F248 / [EC [ B

0.6 (b} —+ 24F251 [ Control — 24F252 / Control

A B O 100 200 300 400
Duration of High-Voltage Loading (h)
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Y. Aoki et al. Jpn. J. Appl. Phys. 51 (2012) 10NF13.
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