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Abstract : The Potential Induced Degradation(PID) in PV module mainly affected by various performance
conditions such as a potential difference between solar cell and frame, ambient temperature and relative humidity.
The positive charges as sodium ions in front glass reach solar cell in module by a potential difference and are
accumulated in the solar cell. The ions accelerate the recombination of generation electrons within solar cell under
illumination, which reduces the entire output of module. Recently, it was generally known that PID generation is
suppressed by controlling the thickness of SiNx AR coating layer on solar cell or using Sodium-free glass and
high resistivity encapsulant. However, recovery effects for module with PID are required, because those methods
permanently prevent generating PID of module. PID recovery method that voltage reversely applies between solar
cell and frame contract to PID generation begins to receive attention. In this paper, PID recovery tests by using
voltage under various outdoor conditions as humidity, temperature, voltage are conducted to effectively mitigate
PID in module. We confirm that this recovery method perfectly eliminates PID of solar cell according to repeative
PID generation and recovery as well as the applied voltage of three factors mainly affect PID recovery.
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Journal of the Korean Solar Energy Society Vol. 35, No. 5, 2015 59



[=8] BEeeA 8] g

o

=N
=

e
E
o
Ll
X
>
=i}
&
I
K
ol
32
auj

Chamber

"
N
H

3. &

3.1 85T, 85%, 1000V ZZA ]| A PIDZA
2 PID3 &

o
Ja

)
fru

o0
o1
oy
ki
o
a1
o
MO
[
o2
[S—
o
o
mw S
=
=
>
i
d N
L “EU o Mo
- Ml ooz rlo Mt o [o
o 2 fo HoH g o

Joh

Ho
i)

o =
o
rir
o2
o
rlo
o

10000 ; ; .

—e— Initial
—=&— PID generation(6hour)

—A— PID recovery(6hour;
8000 4

b s e

z . -

£ e »

£ 6000 e, \ E
g = B *

3 - a

= L

3 4000+ . a i
3] u

2 \

5 L] X

B 2000 n 4

T T
] 200 400 600 800

Open circuit voltage (mV)

(a)

10000 . . : . ]
—@— Initial
—#&— PID generation(6hour)
8000 —4A— PID recovery(6hour)
I i
< =y
£ ’ X
£ s004 T . |
3 w
- 1
= ~
3 4000+ Su ‘\ i
4 ;
© - a
k=4 S \
2 ‘: N *q
2000 | m i
w ‘
Ll
A |
0 . . n :
0 200 400 600 800

Open circuit voltage (mV)
(b)

Fig. 4 (a) I-V Curves of No.1 module during first PID
generation and recovery (b) 1=V Curves of No.2 module
during first PID generation and recovery

=
=)
o
>
td
it
o
ot
diz
i
inj
©
= 1
=
oo ﬁ
i, do 41 orfo o
A ot

£ g

Tt P

sy 2
o
= o

=
£l
ot e

IE HolFa 3tk (a),(b)EE 25 PID

B ol F AAA o] Bg o) F9x

o wE My off

s
P

Sare| ol A 83] =5F] Vol. 35, No. 5, 2015



E 5 9t ol REE] Ao dAs)
A AstEE A 2M Fig. 42 -V Curve°l
Aol o] REe] Y EAC] A vk
53 (HEES 4% PIDIA o]F (a)REH
o Je Aow Watgozy FHol H& 3
23 He AS g9 ¢ 9k 3 & o] %
RS A3 A Ao Wyt A gl AL
2 Hol HEQ WA T k= AR o,
o] Fig. 49 239} FAHS 2ls & 4 AUt

[PID recovery]

[Initial] [PID generation]

Fig. 5 Electro Luminescence images of two modules
during first PID Generation and recovery test

Fig. 6& PIDW A3} 388 573 v g
& W mEo H¥wse Ye ]
WA 2Ee 18 43 F FEEE 290 2
7)oM) 5.25% 7 43 94.75%¢] &9 S e
t}. 23] ol A &= 92.68%, 33] ol A& 92.77%, 43]
o = 85.58%, 53]l A= 85.02%9 3 E&H
S B F WA A B oA 2 b
G Ak AEE vtk =23 PIDS A It

[}

=
K
;O
o
pe

g

59 wEHow AW AW AsEe
ta BAHA 542 elon], JuE

HES 7S AS B 5 ol o 35
HHEEEE g o] g Folo] T
Fol AAF SUrshiA 35 H = nEo] o
= dow a5 gl

—®— Ratio of Recovery power (No.1 Sample)
100 o W —m— Ratio of Recovery power (No.2 Sample)
h

80 o

70 o

60 o

50 o

40 |

relative to initial power change (%)

30 o m

T T T T T T T T T T T T T T T T T
Initial -Bhr +6hr -12hr +12hr -18hr +18hr -24hr +24hr -30hr +30hr -36hr +36hr -42hr +42hr

PID generation and recovery time (h)

Fig. 6 Ratio of power change of module according to
some PID generation and recovery tests

3.2 %) 23 PIDIEEA WH3F

A o® REL I/tFd A =
A Ao Wyt AL 2 oS fA
PID7} A st A vt 3] -3keo] FadAE &

A3 7} PID 3] &9 7

A= FEFE Flstr] st AP APt

ATH o] = Y3l 2% 85T, % 85%°lA

1000V Heto= 6A17F dAS 713} A

PIDE A A ¥ 8% F =< 1000V
N .

A% 674 53 MR o F

wge £8% F4%o] I2E

Journal of the Korean Solar Energy Society Vol. 35, No. 5, 2015 61



(=] e g8 =i

t}. Table 18 PID A o]« o] &3} 7}
Zo A 35 o]Fo HES] &Y
Atk o] AR wigro 2 7} Ay el Ao 35
&2 Fig. 7949} o] b7 84.22~85.36%,

84.08 ~85.30% = 4] °k1%LH9]i R i
W3 9=

O o) X~
Aes & =

= gH

[e)
sk O
o

Table 1 Power of modules by generation and recovery

PID under various temperatures

Module Initial Recovery
Temp Test number power Power
[eal [W1 [W]
0C first 1 3.198 2.719
second 2 3.195 2.710
25 first 3 :%.201 2,717
second 4 3.210 2.699
45°C first 5 3.189 2715
second 6 3.210 2.738
65°C first 7 3.211 2.741
second 8 3.197 2.719
BC first 9 3.182 2.680
second 10 3.199 2.708
100 . . . T - T T
98 4 @ Ratio of Recovery power (No.1 Sample) | ]
96 - —=— Ratio of Recovery power (No.2 Sample) | -
2 ol ]
g 92 -
S 90 N
-F: 88 -
2 86 .- 8 N
2wl ——3— 8 ]
_Tg 82 ]
£ 80 ]
L 78] ]
.g 76 ]
2 74 ]
T 72 1
70 T T T T T
0C 25 45 65C 85C

A=A geletr] feiA AdS s
o} PID #ALS 2% 85T, i 8%, A%
1000V 8tol A o] Foj il v, ubd PID 3] &2
8T &%= 1000V e nAg ¥ F% 0
~85%74A WA A ZFEA S8 sttt 7
Wol AP whiste] REXA S 54 Aol
Z Qe HAEE FBE A5 Flsdy
Table 2= PIDZA ol A CA

EHNS e =4
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Module Initial Recovery
Humid Test number power Power
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Table 3 Power of modules by generation and recovery
PID under various voltages

Module Initial Recovery

Volt Test number power Power
[eal [W] [W]
950V first 1 3.229 1.810
second 2 3.188 1.843
first 3 3.215 2.232
00V second 4 3.202 2.146
first 5 3.219 2.71
1000V second 6 3.195 2.699
first 7 3.205 2125
1500V second 8 3.192 2711
fi 1 2.742

2000V irst 9 3.198 7
second 10 3.191 2.729
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