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This mini-review summarizes recent advances in MXene-based planar micro-supercapacitors fabricated by laser technologies. Laser ablation enables ultrafast maskless patterning, laser cutting achieves mechanically adaptive flexible arrays, and laser modification optimizes microstructure and surface chemistry. Representative studies, performance correlations, and prospects for scalable, high-energy-density MSCs are highlighted.
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1 INTRODUCTION
MXenes are two-dimensional transition-metal carbides, nitrides, and carbonitrides (Dey et al., 2023; Huang et al., 2024; Rasheed et al., 2025). Their metallic conductivity, tunable surface chemistry, and abundant interlayer ion-transport channels make them highly attractive for electrochemical energy storage (Ali et al., 2025; Ponnalagar et al., 2024; Zheng et al., 2022). Their high theoretical volumetric capacitance and capability for rapid surface redox reactions make them highly promising electrode materials for supercapacitors (Bi W. C. et al., 2024; Khan et al., 2024; Nouseen and Pumera, 2025). Compared with traditional carbon-based materials, MXenes offer superior rate performance and energy density while maintaining mechanical flexibility, which is essential for emerging micro-scale energy storage applications (Bi S. et al., 2024; Dananjaya et al., 2025; Elugoke et al., 2024).
Micro-supercapacitors (MSCs) are compact energy storage devices characterized by ultrafast charge-discharge rates, long cycling stability, and seamless integration with on-chip and wearable electronics (Huang et al., 2024; Li et al., 2025; Patil et al., 2024). Typically, MSCs adopt planar interdigitated electrode architectures, which maximize the active surface area and enable efficient ion diffusion (Fu et al., 2024; Han et al., 2023b; Pham and Huynh, 2024). This geometry also supports series and parallel modular configurations, enabling flexible voltage and capacity tuning while ensuring compatibility with miniaturized and flexible electronic systems (Fu et al., 2020; Hussain et al., 2024; Zhou et al., 2023).
Laser-based fabrication technologies provide an effective pathway to overcome the challenges of scalable MSC manufacturing by offering maskless, rapid, and high-precision patterning compatible with diverse substrates (Devi et al., 2023; Han et al., 2023a; Han et al., 2025; Li et al., 2023; You et al., 2020). In this mini-review, we comprehensively summarize recent advances in the fabrication of MXene-based planar MSCs using laser technologies. This review discusses three laser-based strategies, including laser ablation, laser cutting, and laser modification. Representative studies are highlighted to illustrate the connection between processing methods, device architectures, and electrochemical performance. Finally, current challenges and future prospects for scalable, multifunctional, and high-energy-density MXene-based MSCs fabricated via laser technologies are discussed.
2 LASER ABLATION TECHNOLOGIES
Laser ablation is a widely adopted and efficient strategy for fabricating MXene-based planar micro-supercapacitors (MSCs). The general approach involves first depositing an MXene film on a target substrate such as glass, PET, or Si/SiO2 wafers, followed by direct laser ablation to form interdigitated electrode patterns. During this process, the laser selectively removes predefined areas of the MXene film, leaving conductive paths that simultaneously function as both the active material and the current collector. This maskless, non-contact method eliminates the need for complex lithographic steps or metal electrodes, enabling rapid, low-cost, and highly precise patterning suitable for on-chip integration.
For example, Peng et al., reported the fabrication of all-MXene solid-state MSCs (Peng et al., 2016). As shown in Figure 1a, large-size Ti3C2Tx flakes were first spray-coated as current collectors, followed by small-size Ti3C2Tx flakes as the electroactive layer. The interdigitated electrodes were then defined via direct laser ablation. Li et al. further advanced this approach using femtosecond laser ablation (Figure 1b), producing ultra-narrow electrode gaps of approximately 10 µm with minimal thermal damage to the MXene film (Li et al., 2020). The ultrashort pulses also enabled synchronous double-sided etching on transparent PET substrates. This process allows arbitrary on-substrate and through-substrate connections. It further supports high-density integration and modular series/parallel configurations to adjust the device voltage. This demonstrates the versatility of laser ablation for compact device integration while maintaining high electrochemical activity.
[image: Fabrication of MXene-based planar supercapacitors using the laser technologies. Top section: Fabrication process of planar MXene-based supercapacitors via laser ablation. Photographs of interdigital electrodes Photograph of wafer-scale planar MXene-based supercapacitors. Middle section: Laser-cut fabrication process of stretchable, twistable, and bendable MXene-based supercapacitors. Photographs of an MXene-based supercapacitor array with four micro-supercapacitor units connected in series under stretching, twisting, and bending. Bottom section: Spatial Light Modulator-based rapid laser patterning modification method for MXene-based supercapacitors based on the laser modification technology. Mechanism of photo_induced chemical synthesis.]FIGURE 1 | Fabrication of MXene-based planar supercapacitors using the laser technologies. (a) Fabrication process of planar MXene-based supercapacitors via laser ablation. The process began with spray-coating an L-Ti3C2Tx layer as the current collector, followed by deposition of an s-Ti3C2Tx electroactive film. The electrodes were then patterned by laser ablation, and a PVA/H2SO4 gel electrolyte was applied to complete the MSC device. Reproduced from (Peng et al., 2016) with permission of Royal Society of Chemistry. (b) Photographs of interdigital electrodes. Reproduced from (Li et al., 2020) with permission of WILEY-VCH Verlag GmbH and Co. KGaA, Weinheim. (c) Photograph of wafer-scale planar MXene-based supercapacitors. SEM images of MXene-based interdigitated electrodes and corresponding electrode gaps. Reproduced from (Huang et al., 2022) with permission of American Chemical Society. (d) Laser-cut fabrication process of stretchable, twistable, and bendable MXene-based supercapacitors. MXene/BC composite papers were fabricated via vacuum-assisted self-assembly and subsequently coated with an Au layer by magnetron sputtering. The papers were laser-cut into patterned electrodes to assemble MSC arrays, and schematic illustrations show their structural design and mechanical deformation under stretching. Photographs of an MXene-based supercapacitor array with four micro-supercapacitor units connected in series under (e) stretching, (f) twisting, and (g) bending. (h) Corresponding CV curves of the MXene-based supercapacitor array with four series-connected micro-supercapacitor units under stretching, twisting, and bending. Reproduced under the terms of the Creative Commons CC BY License (Jiao et al., 2019). Copyright 2019, The Authors, Published by WILEY-VCH Verlag GmbH and Co. KGaA, Weinheim. (i) Spatial Light Modulator-based rapid laser patterning modification method for MXene-based supercapacitors. (j) Light field patterns of various shapes and corresponding optical micrographs of different types of micro-supercapacitors fabricated via this process. (k) Mechanism of photo-induced chemical synthesis. Reproduced under the terms of the Creative Commons Attribution 4.0 International License (Yuan et al., 2023). Copyright 2023, The Authors, Published by Springer Nature.Notably, Huang et al. achieved Ti3C2Tx MSCs with an ultrahigh volumetric energy density of ∼75 mWh cm-3 and a working voltage of 1.2 V (Huang et al., 2022). In that study, the combination of acetone-modified MXene inks, natural sedimentation to suppress flake restacking, and precise laser ablation produced uniform interdigitated electrodes (Figure 1c). These studies highlight the advantages of laser ablation. It provides maskless, rapid, and flexible patterning. It also supports the scalable fabrication of MXene-based planar MSCs.
3 LASER CUTTING TECHNOLOGIES
Laser cutting offers a straightforward and versatile approach for fabricating MXene-based MSCs, particularly suited for flexible and stretchable devices. The general process begins with preparing an MXene film on a flexible substrate. Typical substrates include paper, PET, and freestanding composite films. Common deposition techniques include vacuum filtration, slurry coating, and solution casting. A laser is then used to cut the MXene film into interdigitated electrode patterns, where the cut regions serve as separators and the remaining MXene film functions as both the active material and the current collector.
Kurra et al. demonstrated MXene-on-paper MSCs by Meyer-rod coating Ti3C2 films onto commercial printing paper, followed by rapid laser machining (Kurra et al., 2016). This method produced areal energy and power densities comparable to state-of-the-art paper-based devices. A representative example is the kirigami-patterned MXene/bacterial cellulose (BC) composite paper for all-solid-state stretchable MSC arrays (Jiao et al., 2019). In this work, freestanding MXene/BC composite paper with enhanced mechanical strength and reduced flake restacking was first prepared through a simple all-solution papermaking process (Figure 1d). Laser cutting was then employed to create kirigami interdigitated patterns, generating MSC arrays that were highly stretchable, bendable, and twistable without significant performance loss (Figures 1e-g). The resulting devices exhibited an areal capacitance of 111.5 mF cm-2 and retained electrochemical stability under 100% tensile strain, 180° twisting, and 90° bending (Figures 1h).
Other studies further highlighted the versatility of laser cutting. Chen et al. developed a laser-assisted “paste-tear” method on PET substrates, enabling the scalable fabrication of flexible MSC arrays with high areal capacitance (241 mF cm-2) and robust mechanical stability (Chen et al., 2022). Together, these studies show that laser cutting not only simplifies device fabrication but also enables the production of MSC arrays with excellent mechanical adaptability. These arrays can reliably withstand stretching, bending, and twisting.
4 LASER MODIFICATION TECHNOLOGIES
Laser modification technologies provide an effective strategy to enhance the performance of MXene-based planar MSCs by locally altering the physicochemical properties of pre-formed MXene films. Unlike laser ablation or cutting, which remove material, laser modification selectively irradiates the MXene film to induce localized photothermal or photochemical effects. These effects generate micro-/nanopores, partially oxidize and restructure MXene sheets, and thereby improve ion transport while increasing the accessible surface area. Reported variations in performance arise from the type of MXene precursors, the use of composites such as graphene oxide or bacterial cellulose, and the chosen laser parameters.
Tang et al. employed ultrafast laser writing to mitigate the restacking of Ti3C2Tx films, producing mesoporous channels that enhanced high-rate electrochemical performance (Tang et al., 2020). A representative example is the laser maskless fast patterning of multitype MSCs (Yuan et al., 2023). As shown in Figure 1i, femtosecond laser pulses were temporally and spatially shaped. These pulses were combined with a spatial light modulator. This approach enabled ultrafast and maskless fabrication of both symmetric and asymmetric MXene-based MSCs. By employing spatially multiplexed light fields, multiple MSC patterns as small as 10 × 10 μm2 can be produced simultaneously (Figure 1j). The mechanism involves selective removal and localized thermal oxidation of MXene/MoS2 to form Ti-rich and Mo-rich oxide nanoparticles, greatly improving processing efficiency and scalability for device integration (Figure 1k).
Other studies further demonstrate the versatility of laser modification. Deshmukh et al. reported picosecond laser-induced MXene-functionalized graphene nanoarchitectures (Deshmukh et al., 2023). In this process, Ti–O–C covalent bonds were formed in situ. This bonding yielded flexible MSCs with ultrahigh areal capacitance and long cycle life. Zhu et al. extended this concept to three-dimensional MXene-rGO architectures (Zhu et al., 2024), exploiting laser-triggered dimensional transformation and interlayer gas release to achieve high areal energy density with tunable interlayer spacing. Overall, laser modification technologies not only enhance the intrinsic electrochemical properties of MXene films but also enable scalable, rapid, and maskless fabrication of planar MSCs with high energy density. In particular, spatial light modulator-based multi-light-field processing represents a critical advance for high-throughput manufacturing of multitype MSCs.
5 CONCLUSION AND OUTLOOK
Laser-based fabrication offers powerful, versatile routes for developing MXene-based planar MSCs. Laser ablation enables maskless patterning of interdigitated electrodes for compact on-chip MSCs. Laser cutting excels on flexible substrates, producing stretchable, bendable, and twistable MSC arrays with exceptional mechanical adaptability. Laser modification leverages localized photothermal and photochemical effects to tailor microstructure and surface chemistry, significantly improving ion transport and energy storage performance. Toward real-world applications, laser-fabricated MXene-based MSCs offer significant opportunities for industrial translation. Their compatibility with wearable electronics, portable power modules, and IoT devices highlights the potential to bridge laboratory advances with practical commercialization.
AUTHOR CONTRIBUTIONS
Q-KL: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Project administration, Writing – original draft, Writing – review and editing, Software. J-YQ: Conceptualization, Data curation, Methodology, Project administration, Writing – review and editing, Visualization. BL: Conceptualization, Formal Analysis, Software, Validation, Writing – review and editing. K-XL: Conceptualization, Supervision, Validation, Writing – review and editing. F-YL: Conceptualization, Data curation, Validation, Writing – review and editing. J-LT: Conceptualization, Investigation, Supervision, Writing – review and editing. Z-PW: Conceptualization, Funding acquisition, Methodology, Project administration, Validation, Writing – review and editing.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the National Natural Science Foundation of China (No. 62434001, 62027820, 42372357), the Science and Technology Development Project of Jilin Province (No. SKL202402019), the “111” Project of China (No. D17017).
CONFLICT OF INTEREST
The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.
REFERENCES
	Ali, R., Islam, M., Shafi, M., Ali, S., and Wang, H. E. (2025). Developments and prospects of MXenes for energy storage and environmental sustainability. Coord. Chem. Rev. 540, 216797. doi:10.1016/j.ccr.2025.216797

	Bi, S., Knijff, L., Lian, X. L., Van Hees, A., Zhang, C., and Salanne, M. (2024a). Modeling of nanomaterials for supercapacitors: beyond carbon electrodes. ACS Nano 18, 19931–19949. doi:10.1021/acsnano.4c01787

	Bi, W. C., Gao, G. H., Li, C., Wu, G. M., and Cao, G. Z. (2024b). Synthesis, properties, and applications of MXenes and their composites for electrical energy storage. Prog. Mater. Sci. 142, 101227. doi:10.1016/j.pmatsci.2023.101227

	Chen, K., Gao, C., Lu, B., Jin, X., Shao, C., Wang, J., et al. (2022). A facile laser assisted paste-tear approach to large area, flexible and wearable in-plane micro-supercapacitors. J. Power Sources 532, 231346. doi:10.1016/j.jpowsour.2022.231346

	Dananjaya, V., Hansika, N., Marimuthu, S., Chevali, V., Mishra, Y. K., Grace, A. N., et al. (2025). MXenes and its composite structures: synthesis, properties, applications, 3D/4D printing, and artificial intelligence; machine learning integration. Prog. Mater. Sci. 152, 101433. doi:10.1016/j.pmatsci.2025.101433

	Deshmukh, S., Ghosh, K., Pykal, M., Otyepka, M., and Pumera, M. (2023). Laser-induced MXene-functionalized graphene nanoarchitectonics-based microsupercapacitor for health monitoring application. ACS Nano 17, 20537–20550. doi:10.1021/acsnano.3c07319

	Devi, M., Wang, H., Moon, S., Sharma, S., and Strauss, V. (2023). Laser-carbonization-a powerful tool for micro-fabrication of patterned electronic carbons. Adv. Mater. 35, 2211054. doi:10.1002/adma.202211054

	Dey, A., Varagnolo, S., Power, N. P., Vangapally, N., Elias, Y., Damptey, L., et al. (2023). Doped MXenes-a new paradigm in 2D systems: synthesis, properties and applications. Prog. Mater. Sci. 139, 101166. doi:10.1016/j.pmatsci.2023.101166

	Elugoke, S. E., Worku, Y. S., Quadri, T. W., Srinivasu, V. V., and Ebenso, E. E. (2024). Harnessing niobium-based MXenes for sensors and energy storage applications: the past, the present and the future. Appl. Phys. Rev. 11, 021340. doi:10.1063/5.0211843

	Fu, X. Y., Chen, Z. D., Han, D. D., Zhang, Y. L., Xia, H., and Sun, H. B. (2020). Laser fabrication of graphene-based supercapacitors. Photonics Res. 8, 577–588. doi:10.1364/prj.382401

	Fu, X. Y., Zhou, H., Jiang, H. B., Han, D. D., Liu, Y. Q., and Zhang, Y. L. (2024). Supercapacitors on hairs with quantum capacitance-dominant extraordinary capacitance. J. Power Sources 615, 235124. doi:10.1016/j.jpowsour.2024.235124

	Han, D. D., Zhang, Y. L., Chen, Z. D., Li, J. C., Ma, J. N., Mao, J. W., et al. (2023a). Carnivorous plants inspired shape-morphing slippery surfaces. Opto-Electronic Adv. 6, 210163. doi:10.29026/oea.2023.210163

	Han, D. D., Zhang, Y. C., Li, J. C., Zhou, H., Mao, J. W., Zhang, Y. L., et al. (2023b). A conformal active-material loading strategy for designing high-performance planar microsupercapacitors. IEEE Electron Device Lett. 44, 1688–1691. doi:10.1109/led.2023.3307028

	Han, D. D., Wang, Q., Chen, Z. D., Wang, L., Chang, Z., Xie, S. Y., et al. (2025). Light-propelled photocatalytic evaporator for robotic solar-driven water purification. PhotoniX 6, 11. doi:10.1186/s43074-025-00169-4

	Huang, H. C., and Yang, W. Q. (2024). MXene-based micro-supercapacitors: ink rheology, microelectrode design and integrated system. ACS Nano 18, 4651–4682. doi:10.1021/acsnano.3c10246

	Huang, H., Chu, X., Xie, Y., Zhang, B., Wang, Z., Duan, Z., et al. (2022). Ti3C2Tx MXene-based micro-supercapacitors with ultrahigh volumetric energy density for all-in-one Si-electronics. ACS Nano 16, 3776–3784. doi:10.1021/acsnano.1c08172

	Huang, P. F., Ying, H. J., Zhang, S. L., and Han, W. Q. (2024). Recent advances and perspectives of MXene sediment: composition, morphology, properties and applications. Coord. Chem. Rev. 515, 215964. doi:10.1016/j.ccr.2024.215964

	Hussain, I., Sahoo, S., Javed, M. S., Lu, J., and Zhang, K. L. (2024). Flexible 2D MXenes for wearable next-generation energy storage applications. Mater. Sci. and Eng. R-Reports 160, 100814. doi:10.1016/j.mser.2024.100814

	Jiao, S., Zhou, A., Wu, M., and Hu, H. (2019). Kirigami patterning of MXene/bacterial cellulose composite paper for all-solid-state stretchable micro-supercapacitor arrays. Adv. Sci. 6, 1900529. doi:10.1002/advs.201900529

	Khan, M., Hussain, A., Saleh, M. T., Ibrahim, M., Attique, F., Sun, X. H., et al. (2024). Cutting-edge advancements in MXene-derived materials: revolutionary electrocatalysts for hydrogen evolution and high-performance energy storage. Coord. Chem. Rev. 506, 215722. doi:10.1016/j.ccr.2024.215722

	Kurra, N., Ahmed, B., Gogotsi, Y., and Alshareef, H. N. (2016). MXene-on-paper coplanar microsupercapacitors. Adv. Energy Mater. 6, 1601372. doi:10.1002/aenm.201601372

	Li, Q., Wang, Q., Li, L., Yang, L., Wang, Y., Wang, X., et al. (2020). Femtosecond laser-etched mxene microsupercapacitors with double-side configuration via arbitrary on- and through-substrate connections. Adv. Energy Mater. 10, 2000470. doi:10.1002/aenm.202000470

	Li, Z. H., Wei, X. M., and Yang, Z. M. (2023). Pulsed laser 3D-micro/nanostructuring of materials for electrochemical energy storage and conversion. Prog. Mater. Sci. 133, 101052. doi:10.1016/j.pmatsci.2022.101052

	Li, X. L., Han, D. D., Zhang, Y. C., Zhou, H., Zhang, T. T., Wang, L., et al. (2025). Direct laser scribing of all-solid-state in-plane proton microsupercapacitors on ionic covalent organic framework films. Adv. Funct. Mater. 35, 2423854. doi:10.1002/adfm.202423854

	Nouseen, S., and Pumera, M. (2025). MXene 3D/4D printing: ink formulation and electrochemical energy storage applications. Adv. Funct. Mater. 35, 2421987. doi:10.1002/adfm.202421987

	Patil, A. M., Jadhav, A. A., Chodankar, N. R., Avatare, A. T., Hong, J., Dhas, S. D., et al. (2024). Recent progress of MXene synthesis, properties, microelectrode fabrication techniques for microsupercapacitors and microbatteries energy storage devices and integration: a comprehensive review. Coord. Chem. Rev. 517, 216020. doi:10.1016/j.ccr.2024.216020

	Peng, Y. Y., Akuzum, B., Kurra, N., Zhao, M. Q., Alhabeb, M., Anasori, B., et al. (2016). All-MXene (2D titanium carbide) solid-state microsupercapacitors for on-chip energy storage. Energy and Environ. Sci. 9, 2847–2854. doi:10.1039/c6ee01717g

	Pham, H. Q., and Huynh, T. T. (2024). Applications of doped-MXene-based materials for electrochemical energy storage. Coord. Chem. Rev. 517, 216039. doi:10.1016/j.ccr.2024.216039

	Ponnalagar, D., Hang, D. R., Liang, C. T., and Chou, M. M. C. (2024). Recent advances and future prospects of low-dimensional Mo2C MXene-based electrode for flexible electrochemical energy storage devices. Prog. Mater. Sci. 145, 101308. doi:10.1016/j.pmatsci.2024.101308

	Rasheed, T., Naveed, A., Alshoaibi, A., and Usman, M. (2025). Energy storage horizons in MXenes: opportunities and challenges beyond traditional electrode applications. Coord. Chem. Rev. 542, 216865. doi:10.1016/j.ccr.2025.216865

	Tang, J., Yi, W., Zhong, X., Zhang, C., Xiao, X., Pan, F., et al. (2020). Laser writing of the restacked titanium carbide MXene for high performance supercapacitors. Energy Storage Mater. 32, 418–424. doi:10.1016/j.ensm.2020.07.028

	You, R., Liu, Y. Q., Hao, Y. L., Han, D. D., Zhang, Y. L., and You, Z. (2020). Laser fabrication of graphene-based flexible electronics. Adv. Mater. 32, 1901981. doi:10.1002/adma.201901981

	Yuan, Y., Li, X., Jiang, L., Liang, M., Zhang, X., Wu, S., et al. (2023). Laser maskless fast patterning for multitype microsupercapacitors. Nat. Commun. 14, 3967. doi:10.1038/s41467-023-39760-3

	Zheng, C., Yao, Y., Rui, X. H., Feng, Y. Z., Yang, D., Pan, H. G., et al. (2022). Functional MXene-based materials for next-generation rechargeable batteries. Adv. Mater. 34, 2204988. doi:10.1002/adma.202204988

	Zhou, H., Li, J. C., Han, X. C., Han, D. D., Yan, X. J., Liu, S. L., et al. (2023). Deformable moisture-activated all-solid-state planar microsupercapacitors. Appl. Phys. Lett. 122, 103901. doi:10.1063/5.0134445

	Zhu, X. D., Ren, C. Y., Liang, Y., Liang, X., Lu, N., Zhang, Y. C., et al. (2024). Laser-assisted one-step fabrication of interlayer-spacing-regulated three-dimensional MXene-based micro-supercapacitors. Chem. Eng. J. 483, 149253. doi:10.1016/j.cej.2024.149253


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
Copyright © 2025 Li, Qi, Li, Li, Lin, Tang and Wei. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/xhtml/nav.xhtml
Table of Contents

		Cover

		Laser fabrication of MXene-based planar micro-supercapacitors		1 INTRODUCTION

		2 LASER ABLATION TECHNOLOGIES

		3 LASER CUTTING TECHNOLOGIES

		4 LASER MODIFICATION TECHNOLOGIES

		5 CONCLUSION AND OUTLOOK

		AUTHOR CONTRIBUTIONS

		FUNDING

		CONFLICT OF INTEREST

		GENERATIVE AI STATEMENT

		REFERENCES









OPS/images/cover.jpg
’ frontiers | Frontiers in Chemistry

Laser fabrication of MXene-
based planar micro-
supercapacitors





OPS/images/fchem-13-1676794-g001.jpg
Laser Ablation

a

Spray-coating

l Laser beam

LsTi,C;T,  PVAH,SO,
R &= W
-
B,
«
Ll !
i
! L 3 =l
G Magnetron  Laser ‘T‘
! ' sputtermg cutting
| acuum Piae o
1 f' Itraho —> elongation 0% Mong-ﬁon 367%
H,SO,/PVA 04 o
lectrolyte
" original state :i“ =42
ot ;" o ':""“"i‘"' E —original state E, —original state
- —— — 367% i =) ol =0 5
— 0% aZ.f':.‘i?S'.I'" g —twisting 180° g : — bending 90°
Patterned MXene/BC ~==100% slengation 302 3oz

composite electrodes

04

s

L) s 1.0 .S 20 25
Polentia‘ [(\]

0 oS < o 25

s lf. If! 20 1.0 1.5 2.
Potential (V) Potential (V)

Laser Modification

Ultrafast
A -

! More than 200 shaped pulses/s|

Pristine area (MXcne/1 T-MoS,)

(MXene-derived

ived MoO;) Laser removal area

Symmetric MSC-2  Asymmetric MSC Symmetric MSC-1

109-10s

2Mo0,+4S0,

00;
hv

© MXene+O,+e TiO,










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers in Chemistry





