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Abstract

Thin crystalline silicon (C-Si) solar cell is expected to be a low price energy source by
decreasing the consumption of Si. However, thin c-Si solar cell entails the bowing and crack
issues in high temperature manufacturing process. Thus, the conventional tabbing process,
based on high temperature soldering (> 250°C), has difficulties for applying to thin c-Si solar
cell modules. In this paper, a conductive paste (CP) based interconnection process has been
proposed to fabricate thin c-Si solar cell modules with high production yield, instead of existing
soldering materials. To optimize the process condition for CP based interconnection, we
compared the performance and stability of modules fabricated under various lamination
temperature (120, 150, and 175°C). The power from CP based module is similar to that with
conventional tabbing process, as modules are fabricated. However, the output of CP based
module laminated at 120°C decreases significantly (14.1% for Damp heat and 6.1% for thermal
cycle) in harsh condition, while the output drops only in 3% in the samples process at 150°C,
175°C. The peel test indicates that the unstable performance of sample laminated at 120°C is
attributed to weak adhesion strength (1.7 N) between cell and ribbon compared to other cases
(2.7 N). As a result, optimized lamination temperature for CP based module process is 150°C,
considering stability and energy consumption during the fabrication.

Keywords: 2 244 A2 A 2-E(Thin Si solar cell), XA #Ho]AE(Conductive
Paste), 32 A3 (Peel test), 74 Al & (Environmental test), #12 E1H] 57 (Low temperature
tabbing process)
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Fig. 1 (a) Bowing and (b) crack issues in thin c-Si solar cells
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Table 1 Properties of conductive paste

Spec. Unit Value
Metal Alloy - Sn57.6Bi0.4Ag
Thixotropic Index (TI) - 0.52
Tg °C 72
Cell sorting
|
Low-temperature tabbing of » ‘ Ribbon
CP based solar cell
|
Lay-up
[
Lamination

Fig. 2 CP based low-temperature interconnection process for c-Si solar cell module and (b) fabricated module through CP

based low-temperature process
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Fig. 3 Theinitial I-V curve of the photovoltaic modules

A, 71E T 0= ARkt 1.2 £ (450°C) BEr CP 3702 ARt HEo] 27] &35 S7ote] Bl
SIS Fig. 30l Holi= Hieh go] 112 &) REd} CP 34 0= ARFE HEY -V curver 7] 5o}k,
o]=CP 7[Rt A2 -57o] 7] 112 tabbing 57 tH] &5 o]7]ol| Bz z]el A8 A 53 A& SHrt
7V&0Hhe ZiE Hofq= Zitolt). TRt lamination 578 Al 25 H2lof Jiglo] Bt 22} 88 E/4Jo] Uet
ytt o= B2 2roM & CPEJ -§-g0] & Eo] ribbon}] o] & o] AL iz Bl ]9} ribbon&

e EVASH 2 21aRjo] glete] ofg Mo R A 4 9l Wb, olo] At weke Sls] 274
e as

AR HY $o] 2 THA-E-S Fig. 40f HERHSIT. Fig. 4(a)= damp heat 500417 18) 714 5 E0] &
2 A5 Uepd Tefaolw, 1254 et E28S SAsISint 150°Ce} 175C BEolis &9 dagol 47
3.2%%%} 3.6%= el oH, S8 AAart 3 VERA] 23ttt F BEC] 88 a2 71 & tabbing &
739 QP dut mi - AR o ek SRARH 120C REoli = 14.1%2 258 A4S HYoH e F BE
THH|WolE o 2 2o lE YERASITE T2 100 cycle®] thermal cycle #19Y 78 5 52| &8 14 TIiZE
Fig. 4(b)el RS0 ™, 919] Fig. 4(a) 2t HIRt Aok Holi= Z2k& 2RISIIT,. o] T#imoA k. 120C HE0]
150C, 175C 2& Xt &8 art o 24 Wllsk= A4S B 4= 9lom, 120TC 252 &3 1482 6.0%= 2t

7} 2.2%%%} 3.3%2] &9 7485 Hol= 150T, 175C &0 vl o o= 712 2RIsIoir). 9] Zyl=
lamination & ZZof k= E0] A28 meksl 4= Q191 o CP 7]Ht g0l 9] Z-gt lamination &% %

& BT 5 A3 Fig. 59 1=V curveo ] Holi=Hieh o] 120°C 252 77t A ol 5 A
7t gt 2| Al F7t Bl 2 ERIsI3IT, o= lamination®] W2 25k 2710 & Q15| CP2] -8-go] Altf

Journal of the Korean Solar Energy Society Vol. 37, No. 2, 2017 81



=Ll e =2y

= 57| 2o} ribbon®] Fgte] o Foix|7] §IotoH, o]z Q5| = Ado] WA 2 © = ot Table 20 &
5] Z1F A2 HERHL.oH, 120°CoflA damp heat test@} thermal cycle test 3-2] Z21& {3} Zto] 242+ 19%, 8%

71 Z4& Ho)a 150°C} 175 CoM = damp heato X 242} 5%, 8%2] 571, thermal cycle e F 2= x71
oflM oF 2%°] S71& Hol= 2= ERISISIH: o2 Fall AEATY] 571 Slef S0l Aotz EIgd 4 U3

\i

o1, 120°Cofld A@Ado] 7Fg F71etaL 150 Cold 71 P89l gk Kol Zha gRlsiairt CP a9l &
2] 252 Table 3] F& LERfICE.

Table 2 Series resistance of CP modules

Damp heat Thermal cycle
. Rs (L) Rs (£2)
Time (h) Cylce
120°C 150°C 175°C 120°C 150°C 175°C
0 8.34 8.00 8.01 0 8.38 8.25 8.26
500 9.92 8.44 8.61 100 9.05 8.41 8.406
4.6 4.5
4.4 - _ 4.4 -
4.2 4.3+
2 2
3 3
£ 4.0 £ 4.2+
o o
—=—120°C —=—120°C \\
3.8+ *—150°C 4.1 —e—150°C
—v—175°C T —v—175°C T
3.6 T T T T T 4.0 T T T T T
0 125 250 375 500 0 25 50 75 100
Time (h) Cycle

(a) (b)
Fig. 4 The power output of CP modules after (a) damp heat and (b) thermal cycle tests

Table 3 Power output of the CP modules

Damp heat Thermal cycle
Time (h) 120°C Palnsn(;g]] 175°C Cycle 120°C PT::)(C’[(EN] 175°C
0 434 437 438 0 433 435 435
125 428 434 432 25 430 434 432
250 401 432 429 50 4.14 429 430
375 3.80 424 432 75 407 429 425
500 3.73 423 422 100 407 425 421

CP 2402 AR 5] $3AE 2, 120°C] lamination 2SI CP 2] Alz}do] ZA7} glovt
150°C ool CPE AFET BB oA QPaIel Al 87} 7153 Ao e oItk T2} lamination®]
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Fig. 5I-V curve of the photovoltaic modules after damp heat test
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Fig. 6 Peel force of CP modules (a) before, and (b) after damp heat test
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