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Research on the material surface modification with pulsed lasers
Masaki HASHIDA (Research Institute of Science and Technology, Tokai University)
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Abstract

To achieve laser nano-fabrication much smaller dimension than that of diffraction limit, the knowledge of
the laser-matter interaction is important, especially for producing the LIPSS (Laser Induced Periodic Surface
Structures) on solid surface. The periodicity of LIPSS has been down to 1/13 -1/25 of the laser wavelength
A. The LIPSS can be produced on metal surface irradiated by femtosecond laser pulses slightly higher in
fluence than the ablation thershold. Therefore the ablation thershhold might be one of the key issues to discuss
physics of the laser-matter interaction. Additionally, the LIPSS on material surface have expected to inducing
a novel fanctionality. For investigating laser mater intraction “Advanced Photon Nanoscience Laboratory”
have been established in Reseach Institute of Science and Technology, Tokai University on 1st Octorber
2021. Here our research achievment for surface modification with pulsed lasers and prospective advanced
researches will be introduced.
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2.

Advanced quantum beams (laser, electron, x-ray) are used for in-situ

observation LIPSS formation with high spatiotemporal resolutions
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Nonlinear absorption[1]

Fig. 2. LIPSS production on material surface with pulsed laser ablation.
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Fig. 3. Research facilities for in-situ measurement of LIPSS formation.
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Fig. 4. Dependence of the ablation rate on delay time when the wavelength of the first pulse was (a) 400 nm
and (b) 800 nm. The fluence of the first pulse was set to 1.5 times the ablation threshold, and the fluence of
the second pulse was set to 0.60, 0.80, or 1.0 times the ablation threshold[28]
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Fig. 5 Uniform LIPSS is produced by irradiation the double pulse of 800nm pulse (0.9Fggot) and 400nm
pulse (1.5F00m). The Fsoot and Fagoth Show the ablation threshold fluences. Allows show the polarization
direction for each laser pulses.
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Fig. 6 The crater diameter depend on laser fluence for aluminum. The ablation threshold Fi was
0.76J/cm?.
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Workshop on Solar Cell Technologies
in DTU-Tokai Univ.
(WSCT2022)

Date: March. 17th (Thursday), 2022

Time: PM5:00-7:00 (JST), AM9:00-11:00(CET)
Online (Zoom)
https://us02web.zoom.us/j/83029707923
1D:830 2970 7923

[Program]

[Opening Remarks]

Prof.Satoru lwamori, Director, Research Institute of Science and Technology
Tokai University

“Ultrafast Charge Carrier Dynamics in 2D Ruddlesden
- Popper Perovskites for Stable Solar Cell Application”
Kaibo Zheng, Senior Researcher at DTU Chemistry

"Highly efficient and stable perovskite solar cells"
Dr. Md. Shahiduzzaman, Assistant Professor,
N, ials Research Insti K;

University

"Solution-processed CZTS and its n-layers"
Dr. Sara Engberg, Researcher (Tenure track)
Photovoltaic Materials and Systems group DTU Fotonik

"Nano-structures on silicon solar cells fabricated by ultraviolet femtosecond laser pulses”
Dr. Masaki Hashida, Professor,
Research Institute of Science and Technology, Tokai University

[Closing Remarks]

Prof. Stela Canulescu Senior Scientist,DTU Fotonik,
Technical University of Denmark

Co-Organizer:Tokai University (Research Institute of Science and Technology, Technical University of Denmark (DTU)
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(WSCT2022)

March. 17th (Thursday), 2022
PM5:00-7:00 (JST), AM9:00-11:00(CET) Online (Zoom)

[Program]

17:00-17:05 (9:00- 9:05)

17:05-17:35(9:05- 9:35)

17:35-18:05(9:35-10:05)

18:05-18:35(10:05-10:35)

18:35-19:05(10:35-11:05)

19:05-19:10(11:05- 11:10)

Opening Remarks
Prof.Satoru lwamori, Director, Research Institute of Science and Technology

Tokai University

“Ultrafast Charge Carrier Dynamics in 2D Ruddlesden
- Popper Perovskites for Stable Solar Cell Application”
Kaibo Zheng, Senior Researcher at DTU Chemistry

"Highly efficient and stable perovskite solar cells"
Dr. Md. Shahiduzzaman, Assistant Professor,

Nanomaterials Research Institute, Kanazawa University

"Solution-processed CZTS and its n-layers"
Dr.Sara Engberg, Researcher (Tenure track)

Photovoltaic Materials and Systems group DTU Fotonik

"Nano-structures on silicon solar cells fabricated by ultraviolet femtosecond
laser pulses"
Dr. Masaki Hashida, Professor,

Research Institute of Science and Technology, Tokai University

Closing Remarks
Prof. Stela Canulescu Senior Scientist, DTU Fotonik,

Technical University of Denmark

Moderator Mr. Jakob Skyt Jensen Tokai University European Center
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Workshop on Solar Cell Technologies in DTU-Tokai University (WSCT2022)
March 17, 2022 Online

Highly Efficient and Stable Perovskite Solar Cells
Md. Shahiduzzaman
Nanomaterials Research Institute, Kanazawa University, Kakuma, Kanazawa 920-1192, Japan

Abstract
In the first half, I will talk about improved moisture stability of PSCs using ionic-liquid (IL)

assisted-MAPDI3 nanoparticle-seed growth approach. In this work, we devised a pristine cesium-
formamidinium-methylammonium (termed as CsSFAMA) triple cation-based perovskite precursor
solution into the IL-assisted MAPbI3z nanoparticles (NPs) through a seeded growth approach in which
host IL-assisted MAPbI3 NPs remarkably promoted high-quality perovskite films with large grains
and high crystallinity, enhancing device performance and stability. The power conversion efficiency
(PCE) of MAPDI3; NP-seeding growth of MAPbIs NPs/CsFAMA-based PSCs were as high as 20%.
The long-term moisture stability of IL-aided MAPDbI; NPs/CsFAMA-based devices (non-
encapsulated) remained above 80% of their initial output after 6000 h storage in open air.[1]

In the second half, I will talk about Csl intercalation technology for efficient and stable PSCs.
The present work used a sequential deposition process to alternately fabricate thin MAPbIls-based
perovskite and cesium iodide (Csl) layers with precise control over the Csl intercalation, producing
high quality cesium containing perovskite films. PSCs made with double layer Csl intercalation

exhibited power conversion efficiencies as high as 18.43%.[2]

Biography

Dr. Md. Shahiduzzaman is an Assistant Professor at the Nanomaterials
Research Institute, Kanazawa University where he designs, fabricates and
develops highly efficient and stable PSCs. Born in Bangladesh in 1984, Dr.
Shahiduzzaman moved to Japan for postgraduate study in 2011. He obtained a
Master degree in Thermoelectric Materials & Application from Japan
Advanced Institute Science & Technology (JAIST) in 2013 and did his Ph.D.

on PSCs from Kanazawa University in 2016. He was a post-doctoral fellow
(10/2016 until 09/2017) at Kanazawa University. Then he did another post-doctoral (10/2017 until
10/2018) at Tokai University (Shonan Campus), Japan under Tokai University General Research
Organization fellowship where he worked on the design and fabricate low-temperature (<180°C)-
processed brookite based-TiO; junctions and test their performance in PSCs. He is also interested in
design, fabrication and development of high-efficiency, stable, green and flexible solar cells for
various energy applications. He published 1 patent, 2 book chapters and more than 80 peer-reviewed
articles until the date.

References:

[1] M. Shahiduzzaman, K. Tomita, T. Miyasaka, T. Taima, ACS Appl. Mater. Interfaces 13 (2021) 21194-21206.
[2] M. Shahiduzzaman, K. Tomita, T. Taima, Nano Energy 86 (2021) 106135.
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Workshop on Solar Cell Technologies in DTU-Tokai University (WSCT2022)
March 17, 2022 Online

Nano-structures on silicon solar cells fabricated by ultraviolet femtosecond laser pulses

Masaki Hashida

Research Institute of Science and Technology, Tokai University, 4-1-1 Kitakaname, Hiratsuka,
Kanagawa 259-1292, Japan

Abstract

When material surface is irradiated with a short pulse laser with energy exceeding the destruction
threshold (ablation threshold) for femtosecond laser pulse[1] and below destruction threshold (melting
threshold) for nanosecond laser[2,3], the surface is ablated (scattering and peeling), and periodic nano-
structures (LIPSS: Laser Induced Periodic Surface Structures) is self-organized. The LIPSS has an
inter-spacing of LIPSS shorter than the laser wavelength[4,5].

We have been investigated on the advanced applied research that is adding LIPSS on materials surface.
* Improved performance of solar cells

* Improved performance of lithium-ion battery

* Production of carbon thin-film for cancer treatment

* Joining of multi-materials for the development of autonomous vehicles

* Improved antibacterial effect

In this presentation, improved performance of solar cells due to reflection reduction of Si solar
cell with LIPSS.

We use ultraviolet femtosecond laser (1=150fs, A=400nm) and excimer laser(t=10ns, A=308nm)
near the laser fluence of ablation threshold. The ablation threshold for silicon was estimated to be
0.10 J/cm?*for femtosecond laser, 0.5 J/cm?*for excimer laser. LIPSS and crystallinity of silicon
solar cells for femtosecond laser and excimer laser are compared. We concluded that the nano-
structures on silicon solar cells fabricated by ultraviolet femtosecond laser pulses have better
performance for reflection and crystallinity[6,7]

Biography

Dr. Masaki Hashida is a Professor at the Research Institute of Science and
Technology, Tokai University. His research field is fundamental physics of
laser processing and its application. He also have designed and developed an
intense laser systhem. He was born in Osaka, Japan in July1967. He obtained
a Doctor degree in Osaka University in 1996. He was belong to Institute for
Laser Technology during 1986-2003 as a Researcher. Then he move to
Institute for Chemical Research, Assistant professor, Associate professor

‘\' 1 during 2003 - 2021 at Kyoyo University. He have been received a grant from
{ S Advanced Research Program for Energy and Envirronmental Technologies
NEDO for“Manufacturing technologies development of high quality laser
material processing for inducing new functionalities (FY2015-FY2016)” and Basic Foundational
Research: “Next-Generation Laser” Projects Q-LEAP MEXT(Grant Number JPMXS0118070187)
“Operando measurements using advanced beams to study the mechanism of fine structure formation

(FY2018-FY2027)”

References:

[1] K. Okamuro, M. Hashida*, Y. Miyasaka, et al. Phys. Rev. B 82 (2010) 165417.

[2] J. Young, J. E. Sipe, J. S. Preston and H. M. van Driel, Appl. Phys. Lett. 41(1982)261-264.

[3] S. Brueck and D. J. Ehrlich, Phys. Rev. Lett. 48 (1982)1678-1681.

[4] L. Gemini, M. Hashida, M. Shimizu, et al, J. Appl. Phys. 114 (2013) 194903.

[5] A. Irizawa, S. Suga, T. Nagashima, et al, Appl. Phys. Lett. 111(2017)251602.

[6] F. Nigo, M. Hashida, M. Tsukamoto, et al IEEJ Transaction on fundamental and materials
140(2020) 401-406. ( in Japanese)

[7] F. Nigo, M. Hashida M. Tsukamoto, et al, Appl. Phys. A 126(2020) 129.
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