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Fig. 1 Laser processing of double-layer supercapacitors. (a) Laser induced graphene electrodes on the surface of polymer

[27] |

films; (b) scanning electron microscope (SEM) image of porous graphene electrodes'“’” ; (c) specific capacitance of

[27] |

capacitors at different sweep speeds" ; (d) in-situ preparation of graphene electrodes on GO films using standard

DVD drivers®" ; (e) bending performance of GO film capacitor

capacitors[m ;

[33] |

different bending states™ ; (i) series parallel performance of fiber capacitors at different bending states™®
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BUS (f) high density integration of GO film

; (g) reduced rGO electrodes on GO fibers using laser™ ; (h) capacity retention of fiber capacitors at
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Fig. 2 Laser processing of pseudocapacitor supercapacitors. (a) Transmission electron microscopy (TEM) image of MoS,-

modified porous graphene electrode™” ;

compared with unmodified supercapacitors®” ;

nanoparticlesm] ;

micro grooves on electrode surface by laser processing

(b) performance of MoS,-modified pseudocapacitor supercapacitors

(¢c) SEM image of graphene electrodes doped with Co

(d) SEM image of graphene electrodes doped with Fe nanoparticles™" ;
[41]

B (e) fabrication of periodic

; (I) doping carbon nanotubes on electrode surface by laser

oo [42]
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Fig. 3 Laser processing of rechargeable battery electrodes. (a) SEM image of Fe,O; electrode with nanoscale structure

prepared by PLDM ; (b) specific capacity and cycling stability of lithium-ion batteries with nanoscale structure™® ;

(¢) specific capacity and cycling stability of lithium-ion batteries without nanoscale structure™™ ; (d) schematic of

the processing of pulsed laser deposited SnO, and TiO, composite film alternately™ ; (e) volume expansion of the

Bl (fy volume expansion of the

electrode after cycling test for lithium-ion battery without TiO, composite layer
electrode after cycling test for lithium-ion battery with TiO, composite layer™ ; (g) TEM image of the CoO-Co
composite electrode™ ; (h) SEM image of the CoO-Co composite electrode®™ ; (i) specific capacity and cycling

stability of the CoO-Co composite electrode"
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Fig. 4 Pulsed laser deposition processing of all-solid-state batteries.

(a) Schematic of processing composite LiCoO,

electrode by conventional method and PLD method®™ ; (b) SEM image of multilayer composite electrodes prepared

by PLD under low temperature condition™ ;

and PLD method at different temperatures™

processing methods"
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(c) conductivity of electrode films prepared by conventional method

1 (d) lithium ion conductivity of electrode films prepared by different
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Fig. 5 Laser pyrolysis process and laser etching process of rechargeable battery electrodes. (a) Processing schematic of N-

doping by laser pyrolysis process® ; (b) TEM image of N-doped graphene induced by laser pyrolysis process™™ ;

Cycle number

(¢) TEM image of germanium nanoparticles with a diameter of 60 nm prepared by laser pyrolysis process™ ;

(d) cycle capacity retention of rechargeable batteries prepared by germanium nanoparticles with different sizes™ ;

(e) SEM image of porous silicon electrode prepared by laser etching technique™™ ; (f) cross-sectional morphology of

quartz micropores prepared by laser etching process™
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Fig. 6 Laser processing of solar cells. (a) SEM image of the oriented NiO nanocrystal structures prepared by the PLD

671 |

process™ " ; (b) SEM images of the interfacial layers of TiO, dendritic structures prepared by the PLD process

(¢) SEM image of laser etched SiO, interfacial layer

(2]

[69] |

; (d) carrier lifetime of SiO, interfacial layer after laser

etching™ ; (e) SEM image of CH,NH, Pbl, photoabsorption layers prepared by PLD method™"
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process under different oxygen pressure *”

Lee %M 38 3o X 34006 £5 05 07 B 89 8 55 . A H A (7] il 3 AT OB ER IR — PR & R A KR AR K
REBRETRTABN M ES LA T KKAK HLAS AR = IR A P ] DU A2 1.5 VI i R
KA — S AL B W &, O A AN s W E 8 Ced T 7, 38 3 fA] 5 Y 4 B BP ] 7= R
fe2F M AR A B 40 8 (b T s . T il 4 B K ¥R A 18 'V i e e 2 DAk RO TR L s BE AR
KRB R LA A 0. 23 VR JF B R R JH2S Pt d . Liang 285 M0 F 8O I TOKS B 55 .
0.4 pAscm ¥ H T AU S B a0l 8 (o) i, PG I XN 1 R L T g AR OB GO £ 44y
BEAS A N WE 0 o B 0 A A e AR L BE L O & BRI R R RO rGO BE/GO B, IR 8 (D B R,
B B . BRUILZ A BT MR E T [E] B 43 A5 /) rGO AT LIAE S KR A & K& L 25 14 1 H
RE OGN AT LUK B A0 OK 45 A8 2 R B MR — B AT Ak S A AL B B B, SR T AR GO
AL S AT B R BRI K IR B R ki gs 44 FOKIR A R & g R 0 v A (AR
fF. 8 TR PKIR A & & B 1 T S AIK Y ) YRy i R B 1.3 V., OB Y R A i Tk
3, Huang % (0 FH380O6 50 BEAY Jm 30 S0 R 00 86 AR A R & 28 1R LA AR A0 2 0 L T LU
R R )T GO =8, K 8(D i, IF . FehndE i 81 25 215 b FHAE B 4 ol i ml 28 i 4
GO/rGO HL AL 43 590 K6 HE T 1 R 2 22 flo 0 G 08 422 wmE 8(g) (MR,

1502004-9



#4835 £ 15 H/2021 £ 8 B/ E# ¢

(b) ()
0.2
=
)
g
;5 0.1
0.0 \ LUL
0 5000 10000
Time (s)
@ Unidirectional O]
laser
124
09|
06|
0.3 1 1 L 1 1 1 1
0 100 200 300 400 500 600
Time (s)
" B e
3 2
8 B
8 |
- I 286
6 “ ;
44 |
280
! 0
2 r T T 4 T m‘
2 4 6 8 10
X

B8 BOLI T KR E kLB . (R DLW HRT7E GO M 1 A8 B SUF8E s 1627 B A 5 (b) (o otk 2t
GO 77 %UE R B FEE 43 A (9 100 7% T PR R 0T b 8 0 7K 970 11 2 P BRI P2 BB B 5 (D Ced T I8 Y6 o 3 80 280 1 o
FEARIE GO = 4 4145 4 (%9 0 T/ 368 P R I A R 1 /K 9 1 2 2 o 2 O 1A 7 L PR RS s (D O FE GO AR 4 1 IR

HEH KR E & &R SEM R 5 (@) (W) 7K ¥ & 5 L 28 11 78 25 B, Hb 0 4 B0 72 H 1 fig T
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enabled electric generators™ " ; (d)(e) processing schematic of the reduced GO 3D assemblies using laser local

thermal effect and the power generation performance of constructed water-enabled electric generators™; (1) SEM

(83

image of water-enabled electric generators constructed in situ on GO fibers using laser processing™™ ; (g) (h) integration of

water-enabled electric generators in textiles and electrical generation performance
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Abstract

Significance Due to the increasing energy crisis and environmental pollution problems, new energy technologies
have been a research hotspot among scientists. Although several energy devices, such as supercapacitors, lithium-ion
batteries, solar cells, new energy storage, and power generation devices, having been developed, low energy
density, complex preparation process, monotonous structure, and poor mechanical properties have severely limited
their application in practical scenarios. Traditional processing methods suffer from complex processes, difficulty in
processing microdevices, and the inability to precisely regulate material properties, making it difficult to process
high-performance energy devices. With high peak energy density, small heat-affected zone, wide material
applicability, high spatial resolution, and customizability, laser processing is often used to increase the energy
density of energy devices and integrate microdevices. Thus, it has great research value and application potential in
the field of precision processing of advanced materials and devices.

Progress The ultra-high peak power density of the laser can produce strong interactions with the material in a
localized area of action, which can finely modulate the microstructure of the electrode surface and significantly
increase the energy density of the double-layer capacitor (Fig. 1). For pseudocapacitor supercapacitors, laser
treatment can significantly improve the energy storage capacity by doping active materials or heteroatoms into the
electrode material or enhance the Kkinetics of redox reactions and improve cycling stability through the surface
morphology modulation (Fig. 2).

Lithium-ion batteries play a significant role in life and production. However, the slow reaction kinetic process
limits the output power of lithium-ion batteries. The expansion of electrodes during charging and discharging affects
the life and safety of lithium batteries. The pulsed laser deposition technology can finely regulate the microstructure
of electrodes and develop composite materials, which is conducive to improving the working area of electrodes,
reducing the ion transport distance, and increasing the electrical conductivity of electrons and ions; thereby,
significantly increasing the energy density and output power of lithium-ion batteries (Fig. 3). Additionally, pulsed
laser deposition technology can prepare ultra-thin, dense, and uniform films, which can significantly reduce interface
resistance to ensure high ion conductivity and high output power (Fig. 4). Besides, the use of laser etching
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technology can conveniently control the microstructure of electrode materials or selectively construct composite
materials. It can also alleviate the problems of poor cycle stability and low capacity retention caused by volume
changes during charging and discharging (Fig. 5).

Laser processing also has important applications in constructing light-absorbing and interfacial layer materials for
solar cells. Nanoscale-oriented structures can be prepared on the electrode surface using pulsed laser deposition
techniques, which can prevent electron-hole complexation, reduce interfacial resistance, and improve the energy
conversion efficiency (Fig. 6). Functional light-absorbing for solar cells can also be prepared using pulsed laser
deposition technology. Compared with traditional methods, the grain size of the photoabsorption layer prepared using
pulsed laser deposition technology is more uniform and dense. It can easily regulate the structure and band gap of the
film, and the microstructure can easily be adjusted to achieve higher light-absorption efficiency (Fig. 7).

Due to the local interaction between the laser and graphene oxide, the direct laser writing technique is often
used to prepare water-enabled electric generators. Direct laser writing technology can reduce irradiated graphene
oxide regions to conductive reduced graphene oxide to serve as electrodes and interconnecting circuits. Thus,
enabling easy in situ construction and integration of water-enabled electric generators on graphene oxide assemblies
is realized. However, the thermal effect of laser processing can partially reduce the graphene oxide material. Thus,
three-dimensional water-enabled electric generators can be prepared in a controlled manner to obtain higher output
power (Fig. 8).

Laser processing has the characteristics of high spatial resolution and strong customization. It can be used to
prepare electrode materials with high light transmittance and good flexibility. Simultaneously, the device can be
designed into a specific structure to obtain ductility; thus, it has important applications in the field of flexible
electronics (Fig. 9).

Conclusions and Prospects Laser processing has obvious advantages and potential in the field of high-performance
energy devices. Currently, pulsed laser deposition technology, direct laser writing technology, laser induction
technology, and laser etching technology have achieved many successful applications in material modification, device
functionalization and miniaturization, electrode preparation, and structural modulation. Supercapacitors, lithium-ion
batteries, new energy devices, and flexible electronics prepared using laser processing have significant advantages in
terms of energy density, stability, and energy conversion efficiency miniaturization and integration. Although laser
processing has made considerable progress in the field of energy devices, there are still many issues to be addressed.
For example, the knowledge and understanding of the mechanism of laser-material interaction are still imperfect. It
is also difficult to control the spatial thickness or form of structural defects using laser processing. Additionally, the
current research on laser processing mainly focused on regulating precursor materials; its application in more
complex scenarios needs to be further investigated. With a deeper understanding of laser action mechanisms and
further development of laser precision control, it is expected that the applications of laser processing in the field of
new energy devices will make breakthroughs.

Key words laser technique; energy device; micro-nano processing; energy conversion and storage; advanced
material
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