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Design of Electrode Structure for Reducing Ag Paste for Shingled PV Module Application
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Abstract: A shingled PV module is manufactured by dividing and bonding. In this method, the solar cell is divided by

lasers and bonded using electrically conductive adhesives (ECAs). Consequently, the manufacturing cost increases

because a process step is added. Therefore, we aim to reduce the production cost by reducing the amount of Ag paste

used in the solar cell front. Various electrode structures were designed and simulated. The number of fingers was

optimized by designing thinner fingers, and the number of fingers with the maximum power conversion efficiency was

confirmed. The simulation confirmed the maximum efficiency in the 4-divided electrode pattern. The amount of Ag paste

used for each electrode pattern was calculated and analyzed. The number of fingers was optimized by decreasing the

width of the finger; this will not only reduce the amount of Ag paste required but also the increase the efficiency.
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NOMENCLATURE
Voo : Open-circuit voltage
Jse : Short circuit current density
FF . Fill-factor

Eff . Efficiency

Vmp @ Maximum power point voltage
Imp : Maximum power point current
Jop : Maximum power point current density

>4 Jae Hyeong Lee; jaechyeong@skku.edu

Copyright ©2019 KIEEME. All rights reserved.

=
(o]
This is an Open-Access article distributed under the terms of the Creative Commons
Attribution  Non-Commercial ~ License (http://creativecommons.org/licenses/by-nc/3.0) —O}Ur O}Kl \_} %Tﬂ PV
which permits unrestricted non-commercial use, distribution, and reproduction in any

At Aim7t Bashy] ool

medium, provided the original work is properly cited.

Al EfFY A2 vEY wWHE Yo
B PV BEVR] oiefst dAloA] A7t £
A2 Q. o] oM M2 BE Kﬂi
2l shingled PV ®Eo©] Qit} [1]. o] P
Ao 2& A3 7les A&ato] Lgai
=t 28 A 7)e2 golA= AFzeto]

il
e
i“,

i‘-l Hﬂ o
=
rlo
)

ok

19

<

o 4

23
S

H

(scribing)st

of ﬂookﬁxlé Bshst1, ECA (electrically conductive

H}(busbar)ﬂ 713' R|7] mzol HiiH}OH 4 =9
A7Elo] &9 AT E2o] FrtetA ©ot [2-
2t §88 ZUlgn 1dy, 158 wE Kﬂ”ol



268 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 32, No. 4, pp. 267-271, July 2019: W.-J. Oh et al.

=

2 k=20 shingled PV 250 A3t
Ao] A= e MASHACE BIYRR Y A=
+ Ag (silver) Ho]AE S X5t Al
e UE 4 oot Zud oz st &
& e A= L2 5 At PAY =i Jj40

22 Yol o RolA7] YL Qursel Efe
Aot e BT A Jbdol @tk Qv BT 7
£2 713 BRI wAvle] dixh AE AR
FUSA REE0] Q] SrEo] 2EH Ao| 2]
oo BaEr] A Al wAue AL, ¢RI}
A AAE. £3 AW AT nPHE HA
Z2 Fojuyel get A 88S JAE BA I
At e o2 Igslel 2 2@ FI 1xu=
Y7 &, J)pol wet Algeoldstact

WA el B¥ AT PEY W] mel 4
watg Algoldsly] Y8l AT 1x =L AN
of hth. I 18 58% A3 7a9 YRR oA
2, 2% 9TE HYRAY A I 15 YA =
Folch. ARe| Ag MAul % 5O Ag B (pad)t
Moo= olRolzl 9IxIE s1EO2 oA 2lsto]
23zfolyslo] Badct BjFHA 37]2E 15675
mm X 156.75 mm, A3F2to|YElo] BEFE|= vAHb
of Zo 3 mmo|n], 1A ke Y BO| YA

2 0.5 mm=z AAstgct therst 28 ey Al &3

g A= F2E ] o™
of tiste] HA Zut, 7HF HAPSH] =W AAs
@1, @A =2 50 pm, 45 pm, 40 pym, 35 pm 4
7EAO) s E T, FA Zi4e 60014 165712 2
S HAZE JolstAl AArsEAT. F 249719 =9

Busbar

R 1.50

L7 \\\\ \k\
0,05J

Finger Width

:‘Edge margin
=—0.50

7

AIAE =SS AREsto]l A= mE

G
rE
o
=

[ (A}

0
o
o
2
5
I
=
olr
N
=~
ﬂ
Hu
i
ogh

ot
i) &
OIIO _o‘
o

@ 2
o o2 ©
=)

=2

ol ™ Q@ nuf ox B °S
2 2
NURNTIRC)
2}
£ B >
1o
olr
N
‘ko_||‘
= fu
i

ol
o
&

= 7.

Griddler 2.5 Al go]40] g2l matoje| =
U2 setue] 5 ulAviel YA 2o Ag
J3tH(sheet resistance)2 w Au}Q}t o7 9]
sto] v|Aut A4tsto] 2.25 mQ/sq ARE-
HollA FHAeE A& Atolo] EXfst= A&
AE WA 135t 0.266 mQ/sq @& AHE
oo]&(emitter)5-29] HAFL p-type PERC
Ar]Z BRI =3 S ARESHIT [6].
Jodk Joo= AZAYY TAE oiefojg =z 3
of Ae|Z HYHRS BHHAl w2 F
. JL, non-shaded areat= &AW X =9
Aol Az 71 & i wy
=24, of2] At AmS Huste] B
Ak Ageloldel HES A5

o}%]
el
Bl

~ >~

%olﬂo e
(MU

0 o

rg

Pl

)

kit O orlo 00
A
o

)

QNI -

P

Rl M oX 38 o xR

o2 3 o
o) 1
- S o
€ T
ftjo
lo
ot fu 2 1o on
oy —
= ne et ¥R
ol JU n@ 2 n2 glo L o

X

U2 meluEg ALgstol TAF Bl

< 4 ., Algdold Zutet AEAMIA A
EfOFAIR] A®a} v|@stgdct 7 A2 ®

r
19
r

Do
hu

o
rir



7R & ste]=wAl, A32d Ald= pp. 267271, 2019'd 7E: 29A| & 269

Table 1. Input parameters of simulation program.

Simulation input parameters

Busbar sheet resistance (mS2/sq) 2.25
Finger sheet resistance (m&/sq) 2.25
Finger contact resistance (m&2/sq) 0.265
Emitter sheet resistance (£2/sq) 85
Passivated area-Jo; (fA/cm?) 220
Passivated area-Jo, (nA/cm?) 8
Metal contact area-Jo; (fA/cmz) 2,200
Metal contact area-Jo, (nA/cm?) 8
JL, non-shaded area (mA/cm?) 41.7785

Table 2. Comparison of solar cell characteristics.

Simulation result Cell specification
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Fig. 2. Change in efficiency according to electrode pattern.

Table 3. Results of 4-divided electrode pattern simulation.

Eff (%) 20.61 20.60
Prp (W) 5.04 5.03 Finger width 50 45 40 35
Vi (MV) 0.556 0.550 Finger number 95 103 112 117
Inp (A) 9.064 9.145 Jee (mA/cm?) 39.081 39.096 39.120 39.219
Voe (mV) 651 657 Voe (mV) 646.39 646.63 646.86 647.10
L. (A) 9.682 9.686 FF (%) 79.089 79.075 79.078 78.946
Eff (%) 19.958 19.983 20.011 20.035
Shading ratio (%)  6.555 6.456 6.361 6.126
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Fig. 3. Paste cumulative reduction rate with finger width.
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