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Abstract: One method to increase the output of solar modules is the application of the Half-cut technique, which requires a

scribing process involving direct irradiation of infrared lasers on the solar cells. During this process, the laser melts the surface

of the solar cells at high temperatures, enabling mechanical division, but this can lead to output loss due to thermal degradation

caused by the laser. To minimize such losses, a low-temperature and low-loss division method has been devised. In this study,

we compared the electrical characteristics and leakage currents affecting output degradation between the newly devised low-

temperature and low-loss cell division method and the conventional laser division method. Additionally, we conducted a 3-point

flexural test to evaluate the mechanical properties of both methods.
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Fig. 1. (a) The conventional IR laser scribing is a method where an IR
laser across the middle of a solar cell to divide it and (b) non-
destructive scribing uses an IR pulse laser to create cracks at both
ends of the cell (then, an IR CW laser is used to apply thermal stress
across the middle of the solar cell).
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Fig. 2. Three-point bending test equipment used to evaluate the
impact of the splitting method on the durability of solar cells.
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Fig. 3. Efficiency variation of solar cells according to IR pulse laser
power before and after division by conventional laser splitting
method.
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Fig. 4. Efficiency variation of solar cells according to scan speed
before and after conventional laser cell division.
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Table 1. Efficiency and FF loss rate according to IR pulse variable

conditions.
Full cell Half-cut cell FF Eff
IR
FF Eff FF Eff  loss  loss
pulse 0 .
[0] [0] [%0] [%0] [%] [%]
130 79.412  21.607 79.279 20.803 0.168 3.580
150 79.993 21.623 77.549 21.161 3.056 2.141
170 79.359 21.525 79.201 20.787 0.198  3.429
Table 2. Efficiency and FF loss rate according to IR scan speed

variable condition.

Full cell Half-cut cell FF Eff
Scan

speed FF Eff FF Eff  loss  loss

[%] [%0] [%] [%] [%] [%]

300 79.13  21.64 77.223 20.837 2409 3.711
400 78.366 21.699 77.904 20.646 0.59  3.069
500 79.993 21.623 77.549 21.161 3.056 2.141
600 79.989 21.586 78.861 20.957 1.410 2914

Table 3. Efficiency changes according to scanning speed of
IRCW laser before and after NDC cell division.

IR Full cell Half-cut cell FF Eff
pulse FF Eff FF Eff loss loss
(W] [%] [%] [%] [%] (%] [%]

40 81.675 22.041 76.927 20.119 6.172 9.552

45 80.384 21.702 77.893 20.457 3.199 6.087

50 79371 21.546 80.347 21.050 -1.214 2.357
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Fig. 5. (a) Efficiency variation of solar cells according to IR CW laser
power before and after NDC cell division, (b) efficiency variation
according to IR laser power before and after NDC cell division, and
(c) efficiency variation of IR CW laser according to scan speed before
and after NDC cell division.
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Table 4. Changes in solar cell efficiency according to IRCW laser
power before and after low-temperature and low-loss battery division.

Full cell Half-cut cell FF Eff

Scan
speed FF Eff FF Eff loss  loss
[%0] [%] [%] [%] [%] [%]
130 79.853 21.692 77.832 20.314 2.596 6.788
140 80.712 22.015 77.866 20.305 3.656 8.420
150 81.057 22.113 79.977 21.076 1.351 4921
160 81.436 22.195 79.437 21.307 2.516 4.165

Table 5. Efficiency changes according to scan speed of IR CW laser
before and after NDC scribing.

Full cell Half-cut cell FF

FF Eff FF Eff
[%] [%] [%] [%]

80.92 21.568 79.215 21.310 2.107
79.853  21.693 77.832 20314 2.596

Eff
loss
[%]

Scan
loss

speed (%]

300
400

1.196
6.788
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Fig. 6. (a) (left) Cross-section cut by IR laser (X20), (right) cross-
section cut by IR laser SEM (X1000) and (b) (left) cross-section cut
by NDC scribing equipment (X20), (right) cross-section cut by NDC
scribing equipment (X1000).
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Table 6. Comparison of Jo before and after NDC scribing split and Jo
before and after IR scribing split.

Table 7. Comparison of mechanical strength of NDC scribing method
and conventional laser scribing method.

Type Jo (A/ecm?)
Full cell 3.74305%10°%
NDC
Half-cut cell 4.90699x108
Full cell 2.22529x108
IR
Half-cut cell 4.92518%10®

Half-cut cell
Type/parameter Full cell
IR NDC
Flexural strength [MPa] 272.63 199.74 244.79
Flexural strength
. . -26.74% -10.21%
degradation ratio [%]
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Fig. 7. (a) Mechanical strength according to IR CW power variable
conditions and (b) mechanical strength according to IR pulse power
variable conditions.
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