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Abstract: Global warming is accelerating due to the use of fossil fuels that have been used continuously for centuries. Now,

humankind recognizes its seriousness, and is conducting research on searching for eco-friendly and sustainable energy. In the

field of solar energy, which is a kind of eco-friendly and sustainable, many studies are being conducted to enhance the output

performance of the module. In this study, the output improvement for the shingled module structure was studied. In order to
improve the output performance of the module, the thickness of the encapsulant was increased, and the lamination process
conditions have been improved accordingly. After that, the crosslinking rate was analyzed, and the suitability of the lamination
process conditions was judged using this. In addition, a peeling test was conducted to analyze the correlation between the
adhesion of the encapsulant and the output performance of the module. Finally, the optimization for the encapsulant material
and the lamination process conditions for high-power shingled modules was established, and accordingly, the market share of
high-power shingled modules in the solar module market can be expected to rise.

Keywords: EVA, POE, EVA thickness, Vacuum time, Press time, Output improvement, Crosslinking rate, Peeling test,
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Fig. 1. (a) Shingled string Interconnection and (b) conventional cells Interconnection.
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(2)

Fig. 2. (a) Height difference caused by shingled structure and (b) thickness difference of EVA sheet.
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Table 1. EVA thickness applied to each module.
PV modul EVA thickness of EVA thickness of
module type
uletyp standard module shingled module
Glass side 0.5 mm 0.6 mm
Back sheet side 0.5 mm 0.6 mm
Total thickness 1 mm 1.2 mm

Table 2. Conventional lamination process conditions and test results
(0.6 mm thickness of EVA).

Lamination = Conventional .
.. Test result (bubble generation)
process condition
Vacuum .
R 4 min 50 sec
time
Press time 10 min 55 sec
Cycle time 15 min 45 sec
Temperature 150°C

Aol AHH|(BSL22220C, Qinhuangdao Boostsolar
Photovoltaic Equipment Co., Ltd, China)& AI-&35%
ool etolold gA0 AYywe Hrtsts]l 98] gel
content ¥A1& EoH 7tne2 £X35t9ct [14,15].

B9 ol ASTM-D2765 2740 2 [16] 2hu]
MoK 37901 BY WEE Aedlgienc) 8l 93
% 3 EVAQ M3 B
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Fig. 3. Bubble generated module.

Table 3. Improved lamination process condition.

Lamination  Test-1 (bubble generated

condition)

Test-2 (optimized

step condition)

Vacuum time 4 min 50 sec + 10 sec 4 min 50 sec + 20 sec

Press time 10 min 55 sec 10 min 55 sec
Cycle time 15 min 55 sec 16 min 5 sec
Temperature 150°C 150°C
(a)

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 35, No. 3, pp. 281-291, May 2022: Jeong et al.

of X o7l Wi, 1= FAIE silZstr] sl
vacuum time2 A3 =] 2tojyo]d A = EVA
7t 50 HA YFo] FHH=

L Z7]&L vacuum time&
Ao R AAZ 5 917] hEo
=1
=

T} [18]. Vacuum

—

time 680X 1 30f|A] WAYst 7] =7 ThAE] X] ook
Lol 2toldol 4 B4 Alzto] 2olA %S A= At cel
O D2 FHAITE B AR Sfof gt

o] &xfo] WISl 2 9o T g 40_7@;\]7
o}, ©2tA] vacuum time 6294 102 @2 24 A|7F
= daAA 7|Z7F YAsh=s A A5 =
vacuum timeS 58 10&7HA] ZAA S & 3 4(a)
of o] 7|7} WAEA| QFFA|RE vacuum timeo] 54
o o 29 4(b)e} Zo] 7]x7F HASHA . sl 2fold|o]
N ZRRACR 717F WES 37| R|&tslo] 7| m wAY

22 A5t TetA & 3o Yot e Aat 2o
vacuum timeo] 5b& 10x4 T, FZE 2E59] ALt
0.6 mm /2] EVA sheeto]] A5t 2tojyjo]d 3%
AAE &l 4 Ao

r_}l %)4
mlo

fr
1
il
g
0

3.2 EVA sheet 2| 7[ung

Zz7}st EVAQ] S/t ghojylold AR 70| 2=
2% 3400 389 2] el Pk we W
. O 50] =02 M= £71S A Lot A X5 O
0 QJx|of wle} Al 22 RjF 6t 7S SRS &5 B 4

|

o] Ho|= dle} Zro] A|& 19 86.6%, Al & 2% 86.14%,
A2 39 86.46%9] 7t1S-2 30151 11 9] x| o] =
S5 A G4 7tgo] Pt 86%Q Z-S &9l
Eﬂom Q& A& 9lo] EVAQ] AA 7tu g

2 80~90% A2 &

m9_°,L'r4m

St [12,19]. A HAR

Fig. 4. (a) Bubble generated condition and (b) optimized condition (after lamination).
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Fig. 5. Sample collection locations of EVA.
Table 4. Crosslinking rate of extracted EVA samples.

Classification 1 2 3 4 5 Average
Sample 1 86.2% 86.8% 86.8% 86.5% 86.7% 86.6%
Sample 2 85.9% 86.3% 86.4% 86.1% 86.0% 86.14%
Sample 3 86.5% 86.1% 86.2% 86.8% 86.7% 86.46%

3 x710] M-S X 4 AUt

O 32 7t &9 4 R0 A2 dA, Wy 29
Aol HAE gHgo] Zolx|n FX|Rje] ute]
(delamination)Q} W2 d€lo] Eutg 2 QIst w.50] &5
Aotg Go7]A et [18]. vi 2 A7 § 9 o]/4e] 7t
SO|AE cello] 22]AQ AERAES 715 &~ 9lon &

o

Gel content [%]

= :—i x 100, (wl= Weight before

experiment, w2 = Weight after experiment) (1)

Table 5. Characteristics analysis after applying EVA sheet for shingled module.

of A8 EVA sheet?] £/
de AWA Y2 & 25 A&t

Sample Image EL Crack Bubble Other defects
| =

| e——
—_—

Module-1 : None None None
L —
B —
e —.

Module-2 None None None
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Table 6. Lamination process conditions for POE and EVA.

POE EVA
POE-1 POE-2 POE-3 POE-4 POE-5 EVA-6

Classification

Vacuum time 5 min 10 sec

Press time 5 min 8 min 12 min 15 min 20 min 11 min

Crosslinking rate <50% 62.8% 71.2% 74% 73.1% 86.4%

Temperature 150°C

(b)

Fig. 6. (a) Variable press time samples (blue: the area of the collected sample for the crosslinking rate measurement, red: the area of the colle
cted sample for the adhesive strength analysis), (b) POE specimens for crosslinking rate, and (c) adhesive strength analysis.
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Fig. 8. 90° tensile testing.

Table 7. Adhesive strength test results according to press time and encapsulant types.

Glass

—

Sample ID Glass-POE & EVA average adhesive strength over time (N)

POE-1 3 100
POE-2 3 -

é 2o —
POE-3 5 oo
e
POE-4 5 100
POE-5 § ==
e
EVA-6 X
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Fig. 9. Average values of the adhesive strength for different types of
encapsulant (press time 5 min).

Table 8. Crosslinking rate and average adhesive strength according
to press time and encapsulants.

Glass-POE & EVA

Sample ID Pre(::ilt:)rn ¢ Cr?:::é?:)i ne average adhesive
strength (N)
POE-1 5 <50 44
POE-2 8 62.8 75
POE-3 12 71.2 211
POE-4 15 74 187
POE-5 20 73.1 201
EVA-6 11 86.4 171
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Table 9. Average values of the 6 inch cells for EVA and POE
modules.

Measured cells Measured cells

Parameter values for EVA values for POE
module module
Cell size [cm?] 244.43 244.43
Pm [W] 49754 4.9742
Isc [A] 9.4257 9.4165
Voc [V] 0.6743 0.6768
Ipm [A] 8.8523 8.8277
Vpm[V] 0.5621 0.5635
FF [%] 78.2917 78.0506
Eff [%] 20.3479 20.3418

Table 10. Characteristics of the shingled module (32 cells) with using
EVA and POE respectively.

. . EVA sheet POE sheet
Classification
module module
Pumax (W) 150.2 152.4 (+2.2)
Improvement rate (%) Standard +1.46%
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I 100f] ®o]= ujet o] g EXAE 71
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POEE Ah&sto] The 259 A=/dE BH7tstr] Yl
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Energy, China)& AF&35to] 72 cell HA(130 cm X
159.6 cm)9] =& L5 AASHA o AAE 72 cell
Bs2 IEC 61215 7]&o w2t 7|AA sts Ald
(mechanical load test)2 XIS§s}ITE. 72 cell &L 8
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Asteirt. aojlold BAEAE QolA 2=ty POE
ol 3xA= *}%3}&"‘12‘31 AAtE 252 EL 242 &
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(a)
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(b)

Fig. 10. EL images of (a) before mechanical load test, (b) after mechanical load test of 72 cell shingled module manufactured under optimal

lamination conditions of POE sheet.

Table 11. Crosslinking rate of encapsulant according to press time
during lamination process and average adhesive strength with glass.

Average adhesive

Encapsul.a.nt typc.e and  Cross-linking strength between glass
press time (min) rate (%) and encapsulant (N)
POE press time: 9 min 64.7 122
POE press time: 10 min 68.4 169
POE press time: 11 min 70.1 204
EVA press time: 11 min 86.4 171

POE sheet®] 4%, 7tilgo] =245 50| 761X
54 2 71AA shs 28 Al celle] 23 §24fo] EVA
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71E 123014
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ERF O 0] E5] press timeo] 10291 742 169 No] A=t
e £ 39 00| EVA sheetE AM2-5}0] press timeg 11
Rlsisto] 171 No] MAM I 2 J ] AMEZa} O Afst A

]»70 -]% oF A O]O-h;]-
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31
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i
uju
)
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=
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Table 12. Analysis of mechanical load test and output power for shingled modules with an area of 72 cells.

Classification Initial EL image

POE press time
10 min

EVA press time
11 min

After EL image Initial output

4255 W

After output
4223 W

APnax=-0.752%

422.8 W 419.1 W

APmax=-0.875%
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