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Damage-Free Freeform Cutting of Flexible Battery Using Ultra-Short
Pulse Laser
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With the progress of flexible devices, numerous researchers aim to manufacture the flexible battery with freefrom at various
scales. Laser cutting is considered as one of the essential processes to achieve on-demand manufacturing but continuous
wave or long-pulse laser beam may cause large heat affect zone (HAZ) in cutting edge and may even result in failure of
battery function. Herein, it was demonstrated that the sophisticated cutting process using ultra-short pulse laser is
applicable for tailoring of flexible battery with multilayered structure. Based on the comparison of cutting results using
nanosecond laser and femtosecond laser, we confirmed that laser cutting by femtosecond laser induces much less thermal
damage on thin foil electrodes, separator, and electrolyte. Furthermore, we investigated the interaction of femtosecond laser
with the materials composed of a flexible battery and implemented a process for cutting each material without causing any
critical damage. To prevent a short circuit between the anode and cathode, which usually occurs during laser cutting of the
actual battery, the double-side cutting process was done by adjusting the focal points of the laser beam. We assume that
the proposed approach can be applied in a roll-to-roll based cutting process for the mass-production of flexible devices.
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Fig. 1 Flexible battery structure

Table 1 Laser specification

Femtosecond laser Nanosecond laser

SATSUMA HP’ AREX 20W

(Amplitude) (Acrovision)
Laser energy >40 w >1.0m]
Pulse width <350 fs <100 ns
Wavelength 1,030 nm 1,050 nm
Repetition rate >2.0 Mhz > 100 khz
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Table 2 Optical properties of battery components

Materials Absorption coefficient Melting point Thermal conductivity Heat capacity at 25°C Thermal diffusivity
(4A=1030 nm) [cm-1] [K] [W/mK] [I/g°C] [mm?/s] @ 300 K
Al 1.2021 x 10617 933.45% 205.0 0.900 97
Cu 8.2634 x 10°1'¥ 1,358.15% 385.0 0.385 111
Ni 6.9763 x10°"! 1,728.15% 90.9 0.440 24.9
STS 7.646 x 1027 1,673.15% 16.3 0.5 42

Cu with carbon

(a) Cutting results with nanosecond laser

Al with NCM622

Y

el

Cu with carbon

(b) Cutting results with femtosecond laser

Fig. 2 Optical images (OM) of laser cutting results in Al with
NCM622 and Cu with carbon
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Table 3 Laser parameter of battery components

Materials (Thickness) Laser energy [WJ] Scan speed [mm/s]  Pulse repetition rate [Hz] Scanning times
Al (30 um) 5.0 20 500 k 1
Cu (30 um) 3.0 10 500 k 1
Ni (30 um) 6.84 10 200 k 2
STS (30 pm) 227 10 200 k 2
Polyethylene (PE) film (10 pum) 3.82 30 200 k 1
PE coated in ceramics film (10 um) 1.4 40 200 k 1
Al with NCM622 (50 pm) 7.08 20 500 k 2
Cu with carbon (60 um) 5.64 20 500 k 2
STS with NCM622 (60 pm) 5.1 20 500 k 2

(a) Laser cutting result of STS (b) Laser cutting result of Al

(c) Laser cutting result of Cu

Fig. 3 Optical images (OM) of laser cutting results for STS, Al and

Cu foil
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Fig. 4 Femtosecond laser cutting results for various processing
parameters and materials
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Battery

7 \

Fig. 5 Laser cutting results of the battery materials with various
patterns
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Fig. 6 The schematic (a) and SEM analysis (b), (c) for one side
laser cutting of flexible battery
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Fig. 7 The schematic (a) and SEM analysis (b), (c) for both sides

laser cutting of flexible battery
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(a) One side laser cutting

(b) Both side laser cutting

Fig. 8 HAZ (Red arrow) and voltage measurement results after
laser cutting of charged flexible battery
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