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Abstract: The high power of a shingled photovoltaic module can be attributed to its low cell-to-module loss. The

production of high power modules in limited area requires high efficiency solar cells. Shingled photovoltaic modules can

be made by divided solar cells, which can be produced by the laser scribing process. After dividing the 21% PERC cell

using laser scribing, the efficiency decreased by approximately 0.35%. However, there was no change in the efficiency

of the solar cell having relatively lower efficiency, because the laser scribing process induce higher heat damages in solar

cells with high efficiency. To prove this phenomena, the J; (leakage current density) of each cell was analyzed. It was
found that the J, of 21% PERC increased about 17 times between full and divided solar cell. However, the J, of 20.2%
PERC increased only about 2.5 times between full and divided solar cell.
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Fig. 1. Schematic cross-sectional structure of shingled array
photovoltaic cells. (a) Laser scribing along the bus bar pattern,
(b) separating the solar cell and getting singulated strips, and (c)
using ECA material, attaching front bus bars on the singulated
strips to the back Ag pad in contact.
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Fig. 2. Structure of (a) standard solar cell and (b) PERC solar cell.

AAO = A 5
d AMEole] 2AS &Y & L, Est
o Ps

S
=
Alge E7MAIA MRS o ol AN

o

FZE HYY 252 YA 2T U A 3-S
ol A=, A B2 gebdoz SH gojA A
Fefoly] 3445 Folf X&), ojnf, ojx of <]
st &go=z RS Aol ggo] gad 2 Qo [9]. &
5], 1§89 PERC EfYHNA|= AHEOE ofel $WH
= 1fjAJHfo]d(passivation) A2|7F EofQl7] wiFof 2
ojx] A3Fefojyo=z gt & &4 JFE ¢ I
9 2 Qlt}. kA 2 =04 1EE YFE BE
off AL 2 Qe OYst 5&& Z+= HIHEXREY
=& A 9 59 B4 XA

2. AlE diy

2 AFolA AREE ESRAl= WA 156.75X156.75
m®, p EfY o2 Ak oAy Ale]E e gRIA]
, 80| 4& 3579 PERC EigAX|oltt. ESHIA]
[-&80] ZH7F 21% (Mono TNM4-156 PERC, Topsky
Energy, China), 20.7% (Mono TNMb5-156 PERC, Topsky
Energy, China), 20.2% (Mono PERC, Shinsung, Korea)
ojct. T 1 Adof ARESH EAIA]) 452 LERTH

ARl e x TY oA (AVIA NX 532-65,
Coherent, USA)E At&sto] sttt old], EiY
RAA|= ¥ A8E T2} go]A AFegto|yS
AN &8 7hel 2gst3t. 1d 32 HY
glojx A3etoly] 2Qls YERd Zojoh

230l O Le AANHE BRI e
®

frbu 8

o

)
oS r_>‘>.i e
(Rt
Da i, S

]

un

o)
r

VS [¢]

)
Da)

Lo

[ >
lu
o,
ok,
o
¥R
L
>
N
i)
i)
ok
mo X mp 10 N

>
o

O|E{(WXS-155S-L2, WACOM, Japan)
et &2f AlgdolEl= AM1.5G
ZArsto] FAEfOlIA S R71A 542
BEHN = BRI 58, O

i
Im 2 np

W o
oft o ic)
o
Q2
to Jy &

>
> 8
O
L

oA |

Table 1. Performance of PERC and normal cell.

Electrical performance Cell A Cell B Cell C

Efficiency (%) 21 20.7 20.2

Short circuit current density (A/m?) 39.112 38.463 39.316
Open circuit voltage (V) 0.6750 0.6749 0.6662
Fill factor (%) 80.213 79.915 76.986
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Fig. 4. Comparison of efficiency between full and divided solar cells.

S A Table 3. Comparison of efficiency between full and divided solar cells.
Fig. 3. Laser scribed line back of cell A. Full cell Divided cell Efficiency
Type Efficiency Standard Efficiency Standard  change
% deviation % deviation %
Table 2. Condition for laser scribing. ) h 06) v (%)
Cell A 21.18 0.28 20.83 0.21 -0.35
Condition Value Cell B 20.75 0.19 20.72 0.18 -0.03
Scan speed (mm/s) 1,300 Cell C 20.16 0.19 20.16 0.20 0
Jump speed (mm/s) 3,500
Frequency (kHz) 50
Frequency cycle (%) 50 /8 T
Current (%) 80 a2t IM
Repeat count (times) 30 M
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Fig. 5. Comparison of short circuit current density between full
and divided solar cells.

Table 4. Comparison of short circuit current density between full
and divided solar cells.

Full cell Divided cell
Js. change
Type Jse Standard Jse Standard (A/m?)
(A/m*) deviation (A/m*) deviation

Cell A 39.11 0.20 39.62 0.26 +0.51

Cell B 38.46 0.09 39.21 0.25 +0.75

Cell C 39.32 0.26 39.99 0.66 +0.67
0] 0.35% Z4sh §FH, BiAIA] B 22| C= A9t
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Fig. 6. Comparison of external quantum efficiency between full
and divided cells in cell A.
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Fig. 7. Comparison of open circuit voltage between full and

divided solar cells.

Table 5. Comparison of open circuit voltage between full and

divided solar cells.

Full cell Divided cell Voe
Type Voc  Standard  Voc  Standard  change
(mV)  deviation (mV) deviation (mV)

Cell A 674.96 0.0027 671.79 0.0024 -3.17
Cell B 674.94 0.0031 673.13 0.0034 -1.81
Cell C 666.17 0.0019 662.59 0.0024 -3.59
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Fig. 8. Comparison of fill factor between full and divided solar cells.

Table 6. Comparison of fill factor between full and divided solar cells.

Full cell Divided cell

FF change

Type FF Standard FF
(%)  deviation (%)

Standard
deviation

(percentage
point)

Cell A
Cell B
Cell C

80.213 0.61
79.914 0.54
76.986 0.83

78.257 0.83
78.529 0.59
77.056 0.93

-1.956
-1.385
+0.070
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Table 7. Comparison of leakage current density between full and
divided solar cells.

Type Cell size (cm®)  Jp (A/em?)
Full cell 244.426 7.76E-12
Cell A —
Divided cell 61.426 8.55E-11
Full cell 244.426 6.1E-13
Cell B —
Divided cell 49.141 5.9E-12
Full cell 244.426 1.8E-11
Cell C —
Divided cell 61.426 43E-11
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