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Foreword from President of the Indonesian Optical Society 

First of all, on behalf of the Indonesian Optical Society (InOS), I would like to thank the distinguished 

Invited Speakers and all participants of the 13th International Symposium on Modern Optics and its 

Applications (ISMOA) 2021. Due to prolonged pandemic conditions, the present ISMOA is held virtually 

through a web conferencing platform. Nevertheless, we can still feel the enthusiasm of the entire 

organizing committee, participants, and the invited speakers, so that the symposium plan can be executed 

on schedule. ISMOA is an international symposium activity that is held biannually, which is jointly 

organized by InOS and the academic unit of the home original institution of InOS members. This year, 

the symposium is co-organized together with UPH, ITB, and ITS. The spirit of joint organization in this 

ISMOA is to promote optics and photonics as a prospective science and technology. Since last year, as 

the impact of pandemic restrictions, InOS has also held several local webinars by inviting Indonesian 

leading researchers to promote and share their research activities with InOS members and other 

researchers in Indonesia. Right now, in this ISMOA, besides seeing many participants from overseas, it 

is also very exciting to see participants coming from more different universities located in various regions 

in Indonesia and overseas. 

 

As in the previous ISMOA, the present ISMOA was attended by 13 Invited Speakers from various 

countries, who are leading scientists in their research fields. We would especially thank Prof. Aslam Baig, 

Prof. Kaoru Tamada, and Prof. Martijn de Sterke, who accepted our invitation to be here again and share 

their interesting research works. Additionally, we also would like to thank leading scientists from all over 

the world who share their marvelous research works as Invited Speakers. However, unlike in the previous 

ISMOA, in this year, ISMOA is not attended by the “father” of ISMOA, and InOS as well, namely Prof. 

Tjia May On, who passed away in November 2019, a few months after the 12th ISMOA 2019. To 

commemorate his contribution to building science education and scientific culture, starting from the 13th 

ISMOA, we shall have a special session called the May-On Tjia Lecture series. In this first lecture series, 

we are pleased to hear the presentation from Prof. D. Marpaung from Twente University, who is a former 

undergraduate student of Prof. Tjia’s group at Institute of Technology Bandung.  

 

One important aim of this symposium is the hope that this symposium can be a fruitful venue for 

knowledge and interest sharing among the participants such that broader research and teaching 

collaborations can be established, not only between national researchers but also with the Invited 

Speakers. Although the world is still overshadowed by a prolonged pandemic, we remain optimistic that 

many challenges of these pandemic problems can be overcome by implementing the knowledge of optics 

and photonics, to build new habits and live with Covid. At least, we can see the hidden role of optical-

photonics technology where we can enjoy this online conference and stay safe by the implementation of 

rapid diagnostic tools based on the RT-PCR method. 

 

Finally, with gratitude, we thank all of our sponsors, and members of the Organizing Committee and 

International Scientific Program Committee for their hard work in making sure the Symposium is a 

success. Last but not least, a special thanks to our co-hosts institutions for their support, namely Dept. of 

Electrical Engineering, the Faculty of Science and Technology of Universitas Pelita Harapan, Faculty of 

Mathematics and Natural Sciences of Institute of Technology Bandung, Faculty of Engineering of 

Industrial Technology and System Engineering, Institute of  Technology Sepuluh Nopember. Let us wish 

that all the participants of ISMOA 2021 will have a wonderful and fruitful time in this virtual symposium 

event.  

 

President of The Indonesian Optical Society (InOS) 

 

Rahmat Hidayat 
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Welcoming Address from the Rector of  

University of Pelita Harapan 

 
Distinguished professors, scientists, engineers, researchers, and students. It is an honor to 

welcome you all participating in the 13th International Symposium on Modern Optics and Its 

Applications, ISMOA 2021. It is also an honor for University of Pelita Harapan, especially the 

Department of Electrical Engineering to be the host of this symposium, and having collaboration 

with The Indonesian Optical Society, Institute of Technology Bandung, and Institute of 

Technology Sepuluh Nopember to organize this event. 

Within these days, the world is facing a difficult time due to the Covid-19 outbreak. In this time, 

people rely on science and technology in handling and fighting the outbreak. Among them are 

optics and photonics technologies which play important role in diagnostic, drug research, 

sensing, disinfection applications, etc. Hence, it is great to hear that there will be an invited talk 

on nanophotonic sensors for detection of SARS-Cov2 virus in this symposium. 

Photonics also play important role in telecommunications to which we also rely on during this 

time, where many activities are converted into online. During these days, massive number of 

data are transmitted through long-haul fiber optic communications, which needs advanced 

photonic technologies to switch, route, filter, and manipulate light in photonics chips which is 

now programmable. 

Additionally, I also welcome your contributions to share your research on many specialized areas 

in optics and photonics, e.g. manipulating light on surfaces and structures through man-made 

metasurfaces and metamaterials, generating quantum source for future computers and 

communications, solitons management by playing with the dispersion on nonlinear materials, 

advanced image sensor with autofocus built-in capability, imaging of live cells by making use of 

plasmonic metasurfaces, detecting elements using LIBS, highly efficient tandem solar cells, 

photonic crystals, green technologies for solar cells and fiber lasers, photodetectors, fiber 

sensors, nano photonics, etc. With all contributions that makes-up this symposium, we will join 

the worldwide optics and photonics communities to trust science and raise awareness of the 

importance of light and light-based technologies in celebrating the International Day of Light, 

IDL2021. I believe, this symposium will spread the spirit of its big theme of “Photonics for Better 

Lives”. 

Since this symposium is organized as a virtual event, participants from around the world are 

attending without leaving their countries. For some participants, the local time might be not 

convenient, due to large difference in time zone. For this, I would like to express my gratitude 

for your effort to make this symposium a fruitful medium for idea exchange, networking, and 

hopefully seeding collaboration in the future. I also would like to thank the organizing 

committee, who have work hard to make this event possible. Lastly, I wish you all a great and 

fruitful virtual conference, while staying safe. 

 

Best Regards, 

Jonathan L. Parapak 

Rector of University of Pelita Harapan 
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Welcoming Address from the Dean of Faculty of Science and 

Technology, University of Pelita Harapan 

 
First of all, we praise God Almighty for His kindness and grace, which have allowed the 13th 

ISMOA to run smoothly. As we all know that the pandemic has made everyone have new habits 

so this conference must be held online. However, we believe that the committee has done an 

excellent job of planning this event. 

Photonics for Better Lives was the central theme of the 13th ISMOA. Although photonics is not 

a new topic, its advancement is still significant today. Tufts University researchers released a 

paper in Nature Communications a few months ago detailing their success in creating a 

composite material that can be activated by light and can perform accurate movements without 

the use of cables. This material combines programmable photonic crystals and an elastomeric 

composite that can be engineered to respond to light at both the macro and nanoscales. The 

invention can be used in solar cells to allow them to move in sync with the sun's motion while 

consuming no additional energy other than the sun's light. Photonic applications in everyday life 

can be found in fields such as communication, manufacturing, security, and safety, and even 

health. Biophotonics, for example, plays a role in molecular analysis, which can provide a better 

understanding of disease origins, allowing for new prevention and treatment methods. Thus, 

photonic applications to improve people's lives is the appropriate theme for ISMOA this time. 

We hope that this conference will bring significant benefits and impact not only to the 

participants but also to the wider community who can take advantage of the application of 

science, especially in the photonics field, which can be felt by many people. Last but not least, I 

would like to express my gratitude to all of the committee members who have worked tirelessly 

to make this event a success. 

 

 

God bless us all. 

 

Eric Jobiliong  

Dean of the Faculty of Science and Technology 

University of Pelita Harapan 
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Schedule of 13th International Symposium on Modern Optics and 

Its Applications (ISMOA) 2021 

Day 1 
Monday, 2 August 2021 

 

Western 

Indonesia 

Time 

GMT+7 

Speaker’s 

Local Time 
Activity/Speaker 

08:00 – 08:30 GMT+7 Entering the Zoom Meeting 

08:30 – 08:40 GMT+7 Opening Speech: Rahmat Hidayat (President of InOS) 

  Tutorial Lecture 1 (TL-01) 

08:40 – 09:30 
GMT+9  

10.40 -11.30 

Introduction to Metamaterials and Metasurfaces 

Jonghwa Shin (Korea Advanced Institute of Science and 

Technology, South Korea) 

Moderator: Indra Karnadi (Universitas Krida Wacana, 

Indonesia) 

09:30 – 09:50 
GMT+9   

11:30 – 11:50 
Discussion (Q/A) 

  Tutorial Lecture 2 (TL-02) 

09:55 – 10:45 GMT+7 

Basic Laser Spectroscopy and Its Applications in Laser 

Induced Breakdown Spectroscopy 

Wahyu Setiabudi (MMM Research Center and Diponegoro 

University, Indonesia) 

 

Recent Developments in Laser Induced Breakdown 

Spectroscopy in Indonesia  

Indra Karnadi (MMM Research Center and Krida Wacana 

Christian University, Indonesia) 

Moderator: Rinda Hedwig (University of Bina Nusantara, 

Indonesia) 

10:45 -11:05 GMT+7 Discussion (Q/A) 

  Tutorial Lecture 3 (TL-03) 

11:10 – 12:00 
GMT+9 

13:10 – 14:00 

Solid-State Quantum Light Source: Generation and 

Applications 

Takashi Kuroda (National Institute for Material Science, 

Japan)                         

Moderator: Rahmat Hidayat (Institute of Technology 

Bandung, Indonesia) 

12:00 – 12:20 
GMT+9 

14:00 – 14:20 
Discussion (Q/A) 

12:20 – 12:25 GMT+7 Photo Session and Announcement  

12:25 – 13:25 GMT+7 Lunch Break  

13:30 – 14:30 GMT+7 

Poster Preview (3-minute for each Poster) 

Moderator: Priastuti Wulandari (Institute of Technology 

Bandung) 

14:30 – 15:25 GMT+7 Poster Viewing 

15:25 – 15:30 GMT+7 Photo Session and Announcement 
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Day 2  
Tuesday, 3 August 2021  

 

Western 

Indonesia 

Time 

(GMT+7) 

Speaker’s 

Local Time 
Activity/Speaker 

08:00 – 08:30 GMT+7 Entering the Zoom Meeting 

08:30 – 08:35 GMT+7 Welcome by MC 

08:35 – 08:45 GMT+7 Report by the Conference Chair, Henri P Uranus 

08:45 – 08:55 GMT+7 Message by InOS President, Rahmat Hidayat 

08:55 – 0:905 GMT+7 
Welcome Message and Opening by Rector of UPH,  

Jonathan L. Parapak 

09:05 – 09:10 GMT+7 Photo Session 

 
Session 1  

Chair : Martijn de Sterke (University of Sydney, Australia) 

  Invited Paper 1 

09:15 – 09:45 

GMT-7 
19:15 – 19:45     

(Monday, 2 

August) 

Phase Detection Autofocus (PDAF) Image Sensor as Applied 

to 3-D Imaging, Suganda Jutamulia (Omnivision 

Technologies, Inc., USA) 

 

  Invited Paper 2 

09:45 – 10:15 
GMT+9 

11:45 – 12:15 

Quantum Entangled Photon-Pair Emission from 

Semiconductor Quantum Dots 

Takashi Kuroda (National Institute for Material Science, 

Japan) 

 

 

Session 2 

Chair : Takashi Kuroda (National Institute for Material Science, Japan) 

  Invited Paper 3 

10:20 – 10:50 
GMT+9,3 

12:50 – 13:20 
Ultrawide Bandgap Semiconductors: Materials and Devices 

Nelson Tansu (University of Adelaide, Australia) 

  Invited Paper 4 

10:50 – 11:20 
GMT+10 

13:50 – 14:20 

High Efficiency Perovskite-Silicon Tandem Solar Cells 

Thomas White (Australian National University, Australia) 

 

11:20 – 11:50 GMT+7 Presentation by PT Serviam Abadimurni 

12:00 – 13:00 GMT+7 Lunch Break and Poster Viewing 
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Session 3 

Chair : Thomas Pertsch (Friedrich-Schiller University Jena, Germany) 

  Invited Paper 5 

13:05 – 13:35 
GMT+2 

08:05 – 08:35 

Nanophotonic Biosensors for COVID-19 Detection 

Laura M. Lechuga (Catalan Institute of Nanoscience and 

Nanotechnology, Spain) 

13:35 – 13:50 
GMT+9 

15:35 – 15:50 

Contributed Paper 1 (CP01) 

Midinfrared angle-resolved reflection measurement of two-

dimensional photonic crystal slabs for their application to 

surface emitting quantum cascade lasers 

Siti Chalimah (National Institute for Materials Science, 

Japan) 

13:50 – 14:05 GMT+7 

Contributed Paper 2 (CP02) 

Identifying Ion Migration at the Perovskite/Transport Layer 

Interface by IMVS Measurements 

Adhita Asma Nurunnizar (Institute of Technology 

Bandung, Indonesia) 

14:05 – 14:20 GMT+7 

Contributed Paper 3 (CP03) 

Synthesis Study of 3-Mercaptopropionic Acid Stabilized 

Gold Nanoparticles for Colorimetric Sensor Application 

Muhammad Tegar Pambudi (Institute of Technology 

Bandung, Indonesia)  

14:20 – 14:35 GMT+7 

Contributed Paper 4 (CP04) 

Green Synthesis of Silver Nanoparticles from Anthocyanin 

Extracts of Purple Cabbage (Brassica Oleracea Var) and 

It’s Characteristics for Dye-Sensitized Solar Cells (DSSC) 

Application 

Waode Sukmawati Arsyad (Halu Oleo University, 

Indonesia) 

14:35 – 14:50 GMT+7 

Contributed Paper 5 (CP05) 

The Effect of WS2 Nanosheets Addition to the Performance 

of Photodetector Based on ZnO Nanorods 

Aufa Salsabilla (University of Indonesia, Indonesia) 

 

Session 4 

Chair : Kaoru Tamada (Kyushu University, Japan) 

  Invited Paper 6  

14:55 – 15:25 
GMT+9  

16:55 – 17:25 

Spectral Manipulation with Metasurfaces for Color Filters, 

Absorbers, and Radiative Cooling 

Jonghwa Shin (Korea Advanced Institute of Science and 

Technology, South Korea) 

  Invited Paper 7 

15:25 – 15:55 
GMT+2 

10:25 – 10:55 

Nonlinear Dielectric Metasurfaces for Photonic Quantum 

State Generation 

Thomas Pertsch (Friedrich-Schiller University Jena, 

Germany) 

15:55 – 15:60 GMT+7 Announcement 

16:00 – 17:00 GMT+7 Indonesian Optical Society General Assembly 
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Day 3 
Wednesday, 4 August 2021 

 

 
 

Western 

Indonesia 

Time 

(GMT+7) 

Speaker’s 

Local Time 
Activity/Speaker 

08:00 – 08:30 GMT+7 Entering the Zoom Meeting 

08:30 – 08:35 GMT+7 Welcome by MC 

 

Session 5 

Chair: Thomas White (Australian National University, Australia) 

  Invited Paper 8 

08:40 – 09:10 
GMT+10 

11:40 – 12:10 
A Menagerie of Solitons by Variation of the Dispersion 

Martijn de Sterke (University of Sydney, Australia) 

  Invited Paper 9 

09:10 – 09:40 
GMT+9  

11:10 – 11:40 

High Axial and Lateral Resolution on Self-Assembled Gold 

Nanoparticle Metasurfaces for Live-Cell Imaging 

Kaoru Tamada (Kyushu University, Japan) 

  Invited Paper 10 

09:40 – 10:10 
GMT+5  

07:40 – 08:10 

A Comparative Study of LIBS and Other Analytical 

Techniques 

Aslam Baig (National Centre for Physics, Pakistan)  

 

Session 6 

Chair : Wahyu Setiabudi (Diponegoro University, Indonesia) 

10:15 – 10:30 GMT+7 

Contributed Paper 6 (CP06) 

Cellulose Acetate-Polyurethane Film Adsorbent with 

Analyte Enrichment for In-Situ Detection and Analysis of 

Aqueous Pb using Laser-Induced Breakdown Spectroscopy 

(LIBS) 

Muhammad Iqhrammullah (Universitas of Syiah Kuala, 

Indonesia) 

10:30 – 10:45 GMT+7 

Contributed Paper 7 (CP07) 

Differences in excitation mechanism of resonance and non-

resonance emission lines in plasma generated by high-power 

pulse laser irradiation 

Eric Jobiliong (University of Pelita Harapan, Indonesia) 

10:45 – 11:00 GMT+7 

Contributed Paper 8 (CP08) 

The Improvement Design of Two-Colour Pyrometry for 

Pulsed Laser Deposition System 

M. Yasin (Airlangga University, Indonesia) 
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Session 7 

Chair : Agus M. Hatta (Institut Teknologi Sepuluh Nopember, Indonesia) 

11:05 – 11:20 
GMT+8 

12:05 – 12:20 

Contributed Paper 9 (CP09) 

Q – Switched Pulse Generation with Copper Telluride as SA 

in L Band Erbium – doped Fiber (EDF) Laser Cavity 

Siti Aisyah Reduan (Universiti Malaya, Malaysia) 

11:20 – 11:35 GMT+7 

Contributed Paper 10 (CP10) 

Spectral Characteristic of Symmetric Double Tapered 

Plastic Optical Fibers 

Murti Marinah (Institute of Technology Sepuluh 

Nopember, Indonesia) 

11:35 – 11:50 
GMT+8 

12:35 – 12:50 

Contributed Paper 11 (CP11) 

Performance of Molybdenum ditelluride (MoTe2)-deposited 

side-polished fiber as a nonlinear device for the generation 

of four-wave mixing effect 

Muhammad Khairol Annuar Zaini (Universiti Malaya, 

Malaysia) 

11:50 – 11:55 GMT+7 Announcement 

11:55 – 12:25 GMT+7 Presentation from Huroba Scientific 

12:25 – 13:00 GMT+7 Lunch Break and Poster Viewing 

 

Session 8 

Chair : Alexander A. Iskandar (Institute of Technology Bandung, Indonesia) 

13:05 – 13:55 
GMT+2 

08:05 – 08:55 

May-On Tjia Lecture 

Programmable Photonic Chips 

David Marpaung (University of Twente, Netherlands) 

 

Session 9 

Chair : Jonghwa Shin (Korea Advanced Institute of Science and Technology, South 

Korea) 

  Invited Paper 11 

14:00 – 14:30 
GMT+8  

15:00 – 15:30 

Integrated Nonlinear Photonics on the Lithium-Niobate-on-

Insulator Platform 

Yuanlin Zheng (Shanghai Jiao Tong University, P. R. 

China) 

 

Moderator: 

  Invited Paper 12 

14:30 – 15:00 
GMT+3  

10:00 – 10:30 

Light-matter interaction control with multilayer epsilon-

near-zero metamaterials  

Humeyra Caglayan (Tampere University, Finland)  

15:00 – 15:15 
GMT+2 

10:00 – 10:15 

Contributed Paper 12 (CP12) 

Programmable Integrated Microwave Photonic Filter using 

a Modulation Transformer and a Double-Injection Ring 

Resonator 

Okky F. P. G.  Daulay (University of Twente, Netherlands) 

15:15 – 15:30 
GMT+9 

17:15 – 17:30 

Contributed Paper 13 (CP13) 

MOKE Enhancement on Oblate Spheroid Bi:YIG 

Nanoparticle 
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Mohamad Reza Nurrahman (Korea Advanced Institute of 

Science and Technology, Republic of Korea) 

15:30 – 15:45 GMT+7 

Contributed Paper 14 (CP14) 

Growing Silver Nanoparticles on Silicone Substrate using 

Microwave-assisted Technique for Enhancing Raman 

Spectrum of Glucose 

Isnaeni (Indonesia Institute of Sciences, Indonesia) 

15:45 – 16:00 GMT+7 

Contributed Paper 15 (CP15) 

Switching Between Transparent and Reflective States in 

Dielectric Cylindrical Meta-lattices 

Suhandoko Dwi Isro (Institute of Technology Bandung, 

Indonesia) 

16:00 – 16:10 GMT+7 Words from Participants 

16:10 – 16:20 GMT+7 Announcement of Best Paper and Best Poster 

16:20 – 16:30 GMT+7 Closing Words from New InOS President 

16:30 – 16:40 GMT+7 Announcement on InOS Officers for 2021 – 2023 

16:40 – 16:45 GMT+7 Announcement on ISMOA 2023 

16:45 – 17:00 GMT+7 Farewell Message and Announcement 
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First Principle Electronic Structure Calculations of Graphene Structure with 
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Diyan Unmu Dzujah (Institute of Technology Bandung, Indonesia) 

PP02 

Multi-scale optical modelling of broadband perfect absorbers based on gold 

clusters 

Nanda Perdana (Karlsruhe Institute of Technology, Germany) 

PP03 

Effect of Geometry Variation on the Sharpness of Fano Profile of Crescent-based 

Metasurface 

Ikhwanul Muslimin (Institute of Technology Bandung, Indonesia) 

PP04 
Refractive Index Sensing Performance of a Bimetallic Core-Shell Nanotube 

Azrul Azwar (Tanjungpura University, Indonesia 

PP05 

Scattered Wave Beam Steering by Variation of TEM Polarization on Dielectric 

Nanorod 

Muhammad Yusuf (Institute of Technology Bandung, Indonesia) 

PP06 
Stimulated Brillouin Scattering gain calculation for leaky acoustic modes 

Radius N S Suryadharma (University of Twente, Netherlands) 

PP07 
Approximating Particle's Surface Roughness with Chebyshev Particles 

Hilman Fikry (Institute of Technology Bandung, Indonesia) 

PP08 
Bistability Switching Behavior of Hybrid Nanoparticles System 

Alexander A Iskandar (Institute of Technology Bandung, Indonesia) 

PP09 

A Linearized Phase Modulated Microwave Photonic Link based on on-chip Spectral 

Shaping 

Gaojian Liu (University of Twente, Netherlands) 

PP10 

Fabrication of UV-vis Photodetector Based on The Nanohybrid ZnO/MoS2 and 

ZnO/WS2 

Suci Mufidah Winata (University of Indonesia, Indonesia) 

PP11 

The Development of the Real Time Michelson Interferometer for the Measurement 

of Thermal Expansion Coefficients of Dental Composite Nanofiller 

Kristia Ningsih (Airlangga University, Indonesia) 

PP12 

The Effect of Immersion Time on Singlemode-Tapered Multimode-Singlemode 

(STMS) Fabrication Using A Chemical Etching Method 

Astrid Denaya Lesa (Institute of Technology Sepuluh Nopember, Indonesia 

PP13 

Characterization and Driving of Polymer-Dispersed Liquid-Crystal Sheet for 

Smarthome Applications 

Henri P Uranus (University of Pelita Harapan, Indonesia) 

PP14 

Elemental Analysis of Impurity Deposited on the Material Surface Using Metal-

Supported Laser-Induced Breakdown Spectroscopy 

Ali Khumaeni (Universitas Diponegoro, Indonesia) 

PP15 

Self-Absorption Reduction in Laser Induced Breakdown Spectroscopy using Parallel 

Laser Irradiation 

Ivan Tandra (Krida Wacana Christian University, Indonesia) 

PP16 
The Influence of GO and Cu dopant to the ZnO Photocatalytic Activity 

Choiry Ghina Afrilia (Universitas Padjadjaran, Indonesia) 

PP17 

Reduced Graphene Oxide (RGO)/TiO2 Composite as Counter Electrode in Pt-free 

Dye-sensitized Solar Cells 

Vika Marcelina (Institute of Technology Bandung, Indonesia) 
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PP18 

Influence of Anti-solvents and Ligands in the CsPbCl3 and CsPbBr3 Nanocrystals 

on their Photoluminescence Properties 

Valdi Rizky Yandri (Institute of Technology Bandung, Indonesia) 
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Introduction to Metamaterials and Metasurfaces 
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ABSTRACT 

 
Electromagnetic metamaterials are hierarchical materials, in which constituent materials are arranged in 

arrays of sub-wavelength-scale structures (Fig. 1). One can still describe the macroscopic electromagnetic 

properties of most metamaterials with the same types of homogenized material properties, such as 

refractive index, electric permittivity, magnetic permeability, typically used to characterize ordinary 

materials. However, the much extended degrees of freedom in the design of metamaterials, compared to 

non-hierarchical materials, allow researchers to achieve exotic values of such material properties. 

One can categorize metamaterials and their quasi-2D version, metasurfaces, in several ways. We 

overview different classes of metamaterials and metasurfaces, highlight some of interesting developments 

in the field [1], and list current problems and potential future research directions. 

 

 
Figure 1. Natural materials and metamaterials. 

 

 

Keywords: metamaterial, metasurface, homogenization 
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ABSTRACT 

 
When a pulse laser focused on a sample target a plasma formed, due the high energy of the pulse laser 

beam on the target surface cause ablation and evaporation the atoms gushed out form the target surface 

excited and ionized then a plasma formed. Plasma formation indicated by continuous emission and 

immediately followed by atomic and ionic lines emission [1]. When the laser bombardment done at air 

atmospheric pressure the small bright plasma formed with a diameter around some mm. At surrounding 

low pressures around 1 Torr the plasma consisted of two different regions namely primary and secondary 

plasma, small primary plasma just in front of laser-target area with white bright color due to continuous 

emission in a short time [2,3], second region is a secondary plasma outside of primary plasma with the 

radius around 2 cm emitted atomic and ionic lines. The laser plasma as a source of atomic and ionic 

emission lines associated with the elements in the sample target could be used for qualitative and 

quantitative analysis [4]. The spectrum of the plasma could detect and analysis using Optical Multichannel 

Analyzer with the aid of fiber optic. The gush out atoms from the sample target also could be used for 

thin film fabrication and others applications. 

 

 
Figure 1. Laser Induced Breakdown Plasma Spectrometer. 

 

Keywords: Pulse laser, plasma, spectrum. 
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ABSTRACT 

 

The discovery of pulsed laser has opened up a new research era on light-matter interaction 

ranging from laser material processing to laser-induced breakdown spectroscopy (LIBS). These 

days, LIBS has become a popular tool for spectrochemical analysis because of its attractive 

characteristics,  such as rapid response, in-situ analysis, no or simple sample preparation, and 

simultaneous multielemental detection. This presentation will describe the recent developments 

in LIBS research in Indonesia, especially in the Research Center of Maju Makmur Mandiri 

Foundation. Recent studies on the use of Helium-metastable excited-state and the use of a 

double-pulse configuration to suppress the effect of self-absorption in LIBS will be introduced. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Optical setup for LIBS utilizing the Helium metastable excited state 
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ABSTRACT 

 
Quantum theory tells us that a single photon is emitted when an electron in an atom transits from its 

higher-energy state to the lower-energy state. The physics is simple, but the deterministic observation of 

pure single photons is somewhat complicated as standard light sources comprise huge numbers of atoms 

and electrons, and the number of emitted photons is randomly distributed. Quantum light sources are 

alternative sources, which can emit pure single photons on demand, i.e., synchronous with external clocks 

and arbitrary timings. The sources make it possible to realize various quantum technologies, an example 

includes quantum-key distributions. Here I would like to give a talk about the physics and applications of 

single-photon sources, and the current status of the device development based on semiconductor quantum 

dots.  

 

 

 

 

 

 

  

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

  

Fig. 1. Semiconductor quantum dots can serve 

as pure and ultrabright single-photon sources.  

 

Fig. 2. Optical setup to characterize the 

single-photon state.  
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INTRODUCTION 

 

There are many solutions for capturing 3D images including stereo camera, time-of-flight, and 

structure light. In the solution using structure light, the structure light emitted by vertical cavity 

surface emitting lasers (VCSELs) is projected on a target surface. In the solution using time-of-

flight, a laser pulse is projected on the target surface. If the target is a human face, the projected 

laser light may cause injury to the human face.  

3D imaging of human face recently is used for 3D face recognition in unlocking a smart phone. 

The stereo camera solution needs a sufficient parallax, which in turn needs a relatively large base 

line between two cameras. The time-of-flight solution needs an advanced electronic processor to 

determine the extremely short time difference between the light firing time and the reflected light 

receiving time. The structure light solution needs a more complex optical system for projecting 

the structure light, thus it may be relatively large for being use in smart phones. 

New solutions for capturing 3D images, especially for being used in smart phones, are proposed 

in a US patent [1] and discussed in this paper. The new solutions may not change the size of the 

device such as a smart phone, and ideally may not add extra hardware elements to complicate 

the device. 

 

RESULTS AND DISCUSSIONS   

 A digital camera may include a lens and an image sensor. The lens formed the image of an object 

on the image sensor. The digital camera may be a camera installed in a smart phone, or may be 

a digital SLR (single lens reflex) camera. A phase detection autofocus (PDAF) image sensor may 

be used in the camera [2]. Together with a lens driven by an actuator, the PDAF image sensor 

may perform auto focusing. The inherent functions of the PDAF image sensor may be used for 

3D imaging. In this manner, no extra hardware elements are required for performing 3D imaging. 

Figure 1 illustrates the principle of PDAF. A lens images an object on an image plane. Left light 

passes the left half of the lens. Right light passes the right half of the lens. If a left mask is placed 

to block left light, only right light will form an image on the image plane. If a right mask is placed 

to block right light, only left light will form an image on the image plane.  

Figure 1 shows the lens at an out-of-focus position. Focus is formed at the front of the image 

plane. On the image plane, a first image in the left image formed by left light is shifted in 

horizontal direction from a second image in the right image formed by right light. When the lens 

is at an in-focus position, focus is formed at the image plane. On the image plane, the first image 

in the left image formed by left light overlaps with the second image in the right image formed 

by right light. 

Figure 2 illustrates a PDAF pixel of a PDAF CMOS image sensor [3,4]. The pixel has two 

isolated left and right photodiodes and a microlens. The incident light comprises right light and 
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left light as shown in Fig. 1. The micro lens focuses incident right light to the right photodiode 

of the pixel. The same micro lens focuses incident left light to the left photodiode of the pixel.  

When the right image is shifted from the left image as shown in Fig. 1, the value of the right 

photodiode is different from the value of the left photodiode. When the right image of Fig. 1 

overlaps with the left image of Fig. 1, the value of the right photodiode is the same as the value 

of the left photodiode. Therefore portions of an object at an in-focus plane of Fig. 3 may be 

identified by comparing the values of the right photodiode and the left photodiode of the PDAF 

pixel. If they are the same, the pixel of the PDAF pixel array detects the image of the portion of 

the object at the in-focus plane as shown in Fig. 4. By moving the in-focus plane step by step, a 

3D image of an object can be constructed. 

 

       

 
Figure 1. Principle of PDAF.                         Figure 2. PDAF pixel of PDAF image sensor. 

 

        
 
Figure 3. Portions of object at in-focus plane.  Figure 4. PDAF pixel array of PDAF image sensor. 

 

Keywords: 3D imaging, phase detection autofocus, PDAF, CMOS image sensor, face 

recognition, smart phone. 
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INTRODUCTION 

 
When an electron meets a hole in semiconductor materials, they are suddenly annihilated and a single 

photon is emitted. If two electrons and two holes are in a quantum dot, i.e., semiconductor nanoparticle, 

two photons would be emitted sequentially, and these photons are quantum mechanically correlated to 

each other. Since the non-classical correlation can extend over long distance, such the correlation, namely, 

quantum entanglement, is a fundamental resource for emerging quantum networking technologies, which 

include large-scale photonic quantum computations and device-independent quantum key distributions. 

Hence, semiconductor quantum dots are expected serve as a useful source of quantum entangled pairs. In 

this talk I review progress on the development of the novel photon-pair source based on our quantum dot 

growth technology.  

 

MATERIAL CHALLENGE - Bottom-Up Assembly of Isotropic Dots  

 
A prerequisite for generating entangled pairs is to use perfectly symmetric quantum dots, which are 

free from any optical isotropy. A common class of dots can hardly fulfil the condition, as their shape 

is essentially governed by random microscopic processes and tends to have a non-negligible 

asymmetry. To create isotropic dots, we use an alternative droplet epitaxy growth technique, which 

makes it possible to adopt a highly symmetric (111) surface as a growth substrate [1]. Figure 1 shows 

a topography image of our quantum dot sample. It reveals a unique triangular shape, which appears 

due to the C3v symmetry of the (111)A oriented substrate [2]. Using these symmetric dots, we 

demonstrate the generation of quantum entangled photon pairs (Fig. 2), whose fidelity to a 

theoretically ideal (maximally entangled) state reaches 88%, the world  best value at that time [3].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1. Atomic force microscope image of GaAs 

quantum dots on AlGaAs(111)A grown by droplet 

epitaxy [2].  

Figure 2. Photon correlation measurement results of  GaAs 

quantum dots. They demonstrate the generation of 

quantum entangled pairs [3].  
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TOWARDS PRACTICAL DEVICES  
 

Following the initial physics demonstration of entanglement formation, as mentioned above, we have 

been taking effort to develop practical photon emitting devices, which advance future quantum 

technologies. Here I would like to summarize our on-going R&D progress along two directions. First, 

we change constituent materials for quantum dots from GaAs to InAs/InP to adjust their emission 

wavelength to the near infrared region, which is favorable for telecommunication and bioimaging 

applications [4-6]. Figure 3 shows the emission spectra of InAs quantum dots embedded in InAlAs. 

They are grown on InP(111)A by droplet epitaxy. The spectra cover a wide range from 1.3 µm to 1.6 

µm, which hit the telecom band. Later, we demonstrate the single photon emission at 1.55 µm, which 

is a wavelength for maximum transmission in silica optical fibers [7]. Second, we develop entangled-

pair LED, which is operated with current injection without need of external pump lasers, see Fig. 4 

[8]. Hence, our study offers a guideline for the fabrication of quantum entangled pair sources suitable 

for practical use.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Keywords: quantum dot, single photon source, quantum entanglement, photon pair source, symmetric 

quantum dot, droplet epitaxy. 
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Figure 4. Layer structure of entangled-pair 

emitting LED  [8].  
Figure 3. Temperature dependent 

photoluminescence spectra of InAs quantum dots 

on InAs(111)A with different sizes [4].  
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ABSTRACT 

 

Fundamental understanding and innovations in materials, devices, and computational physical sciences 

are key to the progress in semiconductor technologies. The talk will present the key material, nanoscale, 

and device innovations in III-nitride and other ultrawide bandgap semiconductors for laser devices, solid-

state lighting, power electronics, and integration technologies. Nanoscale engineering of active regions 

and nanoheteroepitaxy resulted in a dramatic increase in internal quantum efficiency in light-emitting 

diodes (LED) technologies. The use of a self-assembled microlens array led to a significant increase in 

LED light-extraction efficiency. Key barriers and potential solutions for microdisplay devices will be 

articulated. Physics and devices of emerging deep ultraviolet lasers and power electronics will be 

presented. Concepts of machine learning in nanostructures and photonic/electronic materials will also be 

elaborated. 

 

Keywords: semiconductors, semiconductor lasers, power electronics, light-emitting diodes, photonics, 

quantum electronics, and machine learning  
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INTRODUCTION 
 

Achieving net-zero CO2 emissions globally by mid-century is necessary to avoid the worst impacts of 

climate change. This will require rapid and deep decarbonization over coming decades through 

widespread electrification of transport, heating and heavy industry. Green hydrogen produced with 

renewable electricity is also expected to play a key role where direct electrification is challenging [1].  To 

support this transition, global electricity supply must triple by 2050, driven largely by wind and solar 

photovoltaics (PV). While solar PV is already one of the cheapest forms of electricity generation, further 

cost reductions are needed before renewable electricity can compete directly with fossil fuels as the lowest 

source of energy in the high-emissions sectors listed above.  

One of the key drivers of solar PV electricity cost is solar cell efficiency. Increasing cell efficiency 

translates into fewer modules per Watt, and proportional reductions in Balance of Systems (BOS) costs 

due to transport, framing, wiring, installation and land use.  With conventional silicon solar cells 

approaching practical and theoretical efficiency limits, silicon-based tandem cells are rapidly gaining 

industry attention as the most promising pathway to mass produced cells with efficiencies approaching 

30% [2]. 

In just the last six years, perovskite – silicon tandem solar cell efficiency has increased from below 14% 

[3] to the current record of 29.5%; well above the record of 26.7% for crystalline silicon cells [4]. This 

astonishing progress has been achieved through a combination of material science, process development 

and optical engineering. 

This invited presentation will overview of key developments that have led to the current state-of-the-art 

in perovskite-silicon tandem solar cells, with a particular focus on light management strategies that have 

been developed to minimize reflection losses and maximise useful absorption.    

 

RESULTS AND DISCUSSIONS   

  
The optical design challenges for perovskite-silicon tandems are intricately linked to optoelectronic 

requirements for each individual functional layer; the optical interactions between these layers; and 

the practical constraints imposed by chemical and physical compatibility of materials and deposition 

processes [5].  

 

Detailed optical modelling has been critical for identifying and quantifying sources of optical losses 

due to parasitic absorption and internal reflection at the many interfaces between materials of 

different refractive indices [6,7]. This has led to various mitigation strategies such as refractive index 

matching [7,8] and the use of textured substrates and capping layers [9–11].  This presentation will 

review and compare these, and other, light management strategies and compare their relative 

advantages and disadvantages and will identify remaining opportunities and research challenges for 

further improvement.  
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INTRODUCTION 

 
COVID-19 pandemics has evidenced the need of reliable and portable diagnostic tools for a rapid testing 

and screening of the population while providing sensitivity and specificity levels comparable to laboratory 

techniques. Biosensor technology is the most suitable one to tackle the challenging goal of offering fast 

and user-friendly diagnostics tests than can be employed at the point-of-need. In particular, photonic 

biosensors can provide sensitive, reliable and selective analysis, while reducing the time-to-result, 

decreasing and/or eliminating sample transport, and using low sample volume. And, more importantly, 

photonic biosensor technology can provide quantification, for example, of the SARS-CoV-2 viral load 

[1]. 

 

Photonic biosensors rely mainly on the evanescent wave detection principle, where specific bioreceptors 

are immobilized onto the surface of a waveguide; the exposure to the target analyte produces a specific 

biomolecular interaction affecting the light guiding properties in the waveguide (specifically, a variation 

of the local refractive index) through the interaction inside the evanescent electromagnetic field. The 

refractive index variation can be detected by any of the optical properties of the guided light (variation in 

intensity, phase, resonant momentum, polarization, etc.) and correlated with the concentration of the 

target analyte. Significant advantages of evanescent-based mechanism are the highly sensitive and label-

free detection in real time, which makes this mechanism one of the most powerful for the diagnosis of 

biomarkers in complex samples, unlike the endpoint-based detection methodologies usually employed in 

many standard diagnostics techniques. Within photonic evanescent wave biosensors, the interferometric 

ones based on silicon technology offer unique advantages such as ultrasensitivity, robustness, reliability, 

and low power consumption [1]. 

 

RESULTS AND DISCUSSIONS   

  
Our research group has been working with a novel and proprietary biosensor configuration, the Bimodal 

Waveguide Interferometer (BiMW), which has already demonstrated an outstanding limit of detection 

(LOD) for the diagnostics of clinical biomarkers at fM-aM level, directly in body fluids, in few minutes, 

and in decentralized settings [2]. As an example, we have employed this biosensor for the detection of 

bacteria pathogens, as for the detection of spontaneous bacterial peritonitis, detecting E. coli at extremely 

low concentrations (LOD: 4 CFU/mL) in human ascitic fluid [3], with a time to result of only 25 min and 

with no need of sample purification. Moreover, we have also detected P. aeruginosa (LOD ~ 30 CFU/ML) 

and methicillin-resistant Staphylococcus aureus (MRSA), both of them being considered as two of the 

most prevalent bacteria associated with nosocomial infections [4]. 

 

We are applying our unique BiMW biosensor technology for the efficient screening and diagnosis of the 

SARS-CoV-2 coronavirus, without requiring complex equipment [5]. For that, we are immobilizing 
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specific (non-commercial) antibodies against the spike coronavirus outer protein and the RBD domain. Our 

results indicate that our biosensor technology is able to provide a rapid immunoassay detection (less than 

20 minutes) of whole units of SARS-CoV-2 virus without the need of PCR or other time-consuming 

treatments, with an outstanding sensitivity around 100 FFU/mL in a single-step assay.  

 

In addition, we have developed a quantitative serological biosensor [6] for fast identification and 

quantification of SARS-CoV-2 antibodies in serum. The biosensor exhibits exceptional limits of detection 

(low ng mL-1) that enable direct detection and quantification of the serological antibodies in COVID-19 

patients. We have performed a complete clinical validation with COVID-19 samples, demonstrating a 

sensitivity of 99% and specificity of 100%, outperforming available techniques like immunoassays or 

rapid tests. 

 

 

Keywords: Photonic biosensor, bimodal waveguides, silicon photonics, point-of-care. 
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INTRODUCTION 

 
Metasurfaces allow manipulation of electromagnetic waves with a very thin layer consisting of sub-

wavelength structures. Even using the same set of materials, different designs can induce very different 

transmission and reflection behaviors (Fig. 1). 

 

In particular, one can design the sub-wavelength structures such that they have proper resonance 

frequencies and mode symmetries, both of which are very important factors determining the scattering 

properties of metasurfaces [1, 2]. Here, we look at the reasons why a multi-layer approach is essential in 

proper designs of such resonances in certain applications. 

 

RESULTS AND DISCUSSIONS   

  
For transmissive color filters such as those used in modern displays and image sensors, a good color 

purity as well as high transmittance is important. Due to inherent optical losses, previous metallic 

metasurfaces had difficulties in both aspects. We show that single-layer, electric-dipole-only 

metasurfaces are fundamentally ill-suited for red and blue filters, and bi-layer designs can solve the 

problem [1]. 

 

 
Figure 1. Different types of metasurfaces: (a) single-layer, (b) double-layer, and (c) more complicated 

metasurfaces. 

 

 

Multi-layer structures are also very useful when one tries to break the apparent trade-off relationship 

between the spectral sharpness of a resonance and the angular tolerance of the scattering properties 

[2]. One can draw a general conclusion based on coupled mode theory that single-layer, single-

resonance metasurfaces possess a clear performance bound subject to such a trade-off relationship, 

and multi-layer designs can advance the Pareto frontier [2]. 
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Lastly, we investigate how much improvement in cooling performance is possible with a proper 

design of the spectral emissivity [3, 4]. While it is challenging to implement such ideal spectral 

characteristics, the large degrees of freedom provided by metasurfaces, especially the multi-layer 

ones, may give some clues on how to realize high-performance radiative coolers. 

 

Keywords: metasurface, resonance, symmetry, color filter, radiative cooling. 
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INTRODUCTION 

 
We present the experimental and theoretical investigation of nonlinear metasurfaces from lithium niobate, 

gallium arsenide, and metasurfaces hybridized with monolayer TMDs featuring multiple resonances. We 

show that the second-order nonlinear interactions in metasurfaces enable tailorable harmonic frequency 

generation as well as entangled photon pair sources by spontaneous parametric down-conversion. 

 

RESULTS AND DISCUSSIONS 

To exploit the potential of entangled photon pairs in quantum sensing and quantum imaging, it is 

necessary to construct highly integrated sources, emitting entangled photon pairs tailored to specific 

applications. A common mechanism to generate such photon pairs is by using spontaneous parametric 

down-conversion (SPDC), a nonlinear optical process in which one photon spontaneously splits into 

a pair of photons, where each of the two generated photons has a lower energy than the original one. 

This process, and thereby the state of the generated photons, depends sensitively on the properties of 

the nonlinear system that is used for the down conversion. 

Due to their high second-order nonlinearity, lithium niobate (LN) and non-centrosymmetric 

semiconductors, like gallium arsenide (GaAs), are attractive material platforms for quantum sources 

based on spontaneous parametric down-conversion. While until now, most implementations used 

bulk lithium niobate or semiconductor crystals or arrangements of waveguides [1,2,3] we are aiming 

to realize a much higher degree of integration and potentially also parallelization of spatially 

separated sources by exploiting recent advanced in nanostructuring of thin film lithium niobate [4] 

and gallium arsenide thin films [5], which are isolated from the handle wafer by a low index dielectric 

layer. Recently, we demonstrated the technological feasibility of this concept by observing second -

harmonic generation (SHG) in gallium arsenide metasurfaces [6] and in lithium niobate metasurfaces 

[7] as well as in silicon metasurfaces which we hybridized with a monolayer of molybdenum disulfide 

(MoS2) [8]. The key feature of such metasurfaces, the resonant enhancement of local fields, boosts 

the nonlinear interactions and thus offers tailorable photon pair sources from spontaneous parametric 

down-conversion in densely packed arrangements of nanoresonators [9]. 

In our work, we have experimentally investigated isolated nanoresonators and nonlinear metasurfaces 

from these different materials featuring electric dipole and magnetic dipole Mie-type resonances at 

wavelengths in the near infrared. As an intermediate step towards quantum experiments, we 

characterized second-harmonic generation from the metasurfaces, when exciting with the long 

wavelength fundamental wave. With these results, we show that resonant interactions in 

nanoresonators are a suitable platform for second-harmonic generation. As a next step we could also 

demonstrate experimentally the generation of photon pairs by spontaneous parametric down-

conversion, when exciting with the short wavelength pump wave. 

Based on the principle of quantum-classical correspondence, both processes, second-harmonic 

generation and spontaneous parametric down-conversion, are tied together by the governing system 
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parameters. We have also exploited this correspondence to develop predictive theoretical models for 

the design of nonlinear metasurfaces for quantum applications. 

 

Keywords: quantum photonics, nanooptics, metasurfaces, nonlinear optics. 
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INTRODUCTION 
The existence of solitons relies on balancing nonlinear effects and dispersion. Briefly, when a pulse 

propagates through medium with a positive, cubic Kerr nonlinearity, intensity gradients combined with 

nonlinear effect generates new red frequencies on its leading edge and new blue frequencies on its trailing 

edge. In the presence of negative (anomalous) quadratic dispersion, red frequencies propagate more 

slowly than blue frequencies, and so the dispersion causes these newly generated frequencies to move 

towards the centre of the pulse. This forms a stable pulse, a soliton [1]. Although the dispersion that is 

usually considered is quadratic dispersion, the argument above implies that solitons can also exist in the 

presence of any higher-order, even dispersion [2].  

 

We recently reported a fibre laser with programmable dispersion [3]. Using this laser, we observed 

solitons with dispersion as high as 10th order [4]. All our observations are in excellent agreement with 

numerical calculations. Given our device with very broadly tunable dispersion, one may ask what other 

types of dispersion may be interesting to investigate. This is the question we turn to here.  

 

RESULTS AND DISCUSSIONS   

 
We consider dispersion of the type  

𝛽(𝜔) =  𝛽(𝜔0) +
𝛽2

2
(𝜔 − 𝜔0)

2 −
|𝛽4|

24
|𝛽4|(𝜔 − 𝜔0)

4,     (2) 

where 𝜔0 is a reference frequency, and 𝛽4 <0. We keep 𝛽4 constant and increase 𝛽2 starting from 

𝛽2=0. This leads to the dispersion relations shown in Figs 1(a)-(c). As 𝛽2 increases two equivalent 

maxima appear in the dispersion relation that become increasingly more prominent. The power 

spectrum of the laser output is shown in blue. When 𝛽2 =0 (Fig. 1(a)) the output is a pure quartic 

soliton, a soliton that balances the nonlinear effect with pure quartic dispersion [2,3]. The associated 

spectrogram, obtained by Frequency Resolved Electrical Gating is shown in Fig 1(b). The temporal 

output, showing intensity (blue) and phase (orange) are shown in Fig. 1(c). Although the temporal 

and spectral shapes differ subtly from those of conventional solitons [3], the common feature is that 

the phase is approximately constant over the width of the soliton (Fig. 1(c)). As 𝛽2 increases, and the 

two equivalent maxima become more prominent (however, with the curvature at each of these 

maxima remaining constant), a soliton forms at each of these (see Figs 1(b)-(c) and (e)-(f)). The 

spectrograms in Figs 1(b)-(c) show that these solitons are nonlinearly bound and propagate as a single 

unit. In the time domain these two coherent objects interfere, leading to a sinusoidal interference 

pattern modulating the hyperbolic secant-shaped envelope (see Figs 1(h)-(i)). Note that the soliton 

phase jumps by π at each of the zero crossings. These experimental results are in excellent agreement 

with the results of numerical simulations [3,5]. We have also developed a complete theory of pulse 

propagation in the presence of multiple equivalent maxima in the dispersion relation which gives an 

excellent, quantitative description of the experimental results [6].  

The temporal intensity of the soliton, especially that in Fig 1(i), is reminiscent of the results of 

conventional double-slit interference experiments in the Fraunhofer regime. The physics is indeed 

similar, except that our results are in time whereas interference experiments are carried out in space. 

For example, when we remove one of the solitons by including strong loss around one of the peaks 
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in the dispersion relation, the interference pattern vanishes. A key difference though is that our 

experiments the solitons, which act as “slits,” are formed nonlinearly, and are not imposed by the 

experimental setup.  

 
 

Figure 1 Experimental results for 𝛽2= 0, 200, 400 ps2 km-1, and 𝛽4 = −3250 ps4 km-1. (a)-(c): Output spectra 

(blue) and linear dispersion relation (orange). (d)-(f): Spectrograms. (g)-(i): Retrieved temporal intensity 

(blue), temporal phase (yellow) and hyperbolic secant shaped envelopes (dashed).  

 

In conclusion, we have shown that the dispersion relation of the fibre laser can be widely varied and 

that this leads to entirely novel families of optical solitons. In this work we have shown merely one 

example of this novel ability to engineer the properties of solitons.  

 

Keywords: soliton, dispersion.  
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INTRODUCTION 

 

Super-resolution fluorescence imaging of live cells has been paid attention in the fields of 

molecular and cell biology to investigate the molecular-level dynamic reactions in or near cells. 

Confocal laser scanning microscopy (CLSM) is a widely used, standard technique for high-

resolution fluorescence imaging, although it has several critical problems, that is, not only a 

relatively low spatiotemporal resolution but also a high phototoxicity caused by the focused laser 

scanning. Simulated emission depletion (STED) microscopy brought the lateral resolution to 

beyond the diffraction limit, in which a higher laser intensity improves the lateral resolution but 

damages living cells. Stochastic optical reconstruction microscopy (STORM) and photoactivated 

localization microscopy (PALM) are other representative localization microscopy techniques; 

however, to build-up super-resolution images, tens of thousands of frames must be collected, so 

the temporal resolution will be a critical problem in these techniques and not be suitable for live-

cell imaging. In addition, these localization microscopy techniques have high resolution for the 

lateral direction but not for the axial direction. To improve the axial resolution, total internal 

reflection fluorescence (TIRF) microscopes or dual-objective lens systems need to be combined. 

In practice, a TIRF microscope, the imaging depth is 100-200 nm, has been the only choice to 

obtain a high axial resolution on a reasonable time scale.  

Compared with all these super-resolution microscopy techniques, our localized surface plasmon 

resonance (LSPR)-mediated imaging is extremely simple but quite effective for monitoring the 

molecular dynamics at a nanointerface. The self-assembled gold nanoparticle metasurface 

fabricated on a glass coverslip accumulates high-resolution molecular images at the 

nanointerface owing to the confined light within a few tens of nanometers in the axial direction 

arising from LSPR-mediated enhanced fluorescence [1-3].  

In this study, we conducted live-cell imaging of 3T3 fibroblasts with stably expressed 

Venus-paxillin (Venus-paxillin-3T3) to test the spatiotemporal resolution limit of our 

nanomaterial-based imaging. The images were captured in real time (500 msec/frame) by a 

customized widefield microscope with a x100 objective lens (NA: 1.49) through a super-

resolution digital CMOS camera (65 nm/pixel).  

 

RESULTS AND DISCUSSIONS   

 

A self-assembled monolayer composed of homogeneously sized oleylamine-capped gold 

nanoparticles (AuOA) was fabricated at the air-water interface in a Langmuir–Blodgett (LB) 

trough (KSV NIMA, Sweden) and transferred onto a coverslip via the Langmuir-Schaefer (LS) 
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method. The diameter of the gold core was 12.6 nm, and the interparticle distance was 2.6 nm 

on average. In our previous study, the finite-difference time-domain (FDTD) method predicted 

50 times stronger optical field excitation at the gap position between adjacent particles, which 

drastically decayed along the axial direction to the ~15 nm position, while the penetration depth 

of the evanescent field was ~150 nm. The practical fluorescence enhancement factor on the sheet 

was estimated to be ca. 10 considering the fluorescence quenching due to energy transfer to the 

metal particles. Consequently, our LSPR-mediated imaging technique provides 10 times stronger 

fluorescence from a 10 times narrower interfacial region compared with conventional TIRF 

microscope imaging. 

The LSPR band of the AuOA sheet only overlaps with the emission spectrum of the Venus 

fluorescent protein (Ex 520 nm/Em 540 nm), i.e., the enhanced emission is expected to be 

dominant, rather than the enhanced excitation light. 

Figure 1 shows snapshots from high-speed time-lapse imaging of Venus-paxillin-3T3 cells 

adhered on a AuOA sheet. The dynamics and detailed structures of mature FAs and nascent 

clusters of paxillin were visualized together with the cell morphology within a 100 nm region at 

the interface under TIRF microscope. In this AuOA-TIRF image, the lamellipodia dynamics 

were more obvious even for a short imaging time. Together with the movement of the grey-

colored cell body, the bright spots of clustering paxillin in lamellipodia also migrated quite 

dynamically.  

To discuss more details of the molecular dynamics, the nascent clusters of paxillin were extracted 

and magnified. The paxillin cluster formed step by step, from dot-like to crescent moon-shaped 

exhibited further deformation as shown in the Figure down to the pixel resolution (65 nm/pixel). 

These structural changes were not detectable under regular optical microscopy. The red-colored 

brightest spots are composed of a few pixels in the shortest direction, which is comparable to or 

slightly smaller than the theoretical diffraction limit, ~200 nm in the lateral plane, even though 

the image was taken during  movement.  

 

Figure 1. Dynamic movement of Venus-paxillin-3T3 live cells on a AuOA sheet. The right panels are 

magnified images to the pixel resolution  (65 nm/pixel); (top) the raw image, (bottom) the intensity 

mapping.  

The improved lateral resolution on the sheet could be interpreted as the characteristics of LSPR-

mediated enhanced fluorescence and the metasurface acting as a nano-thickness plane light 
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emitter.  The shortened exciton lifetime due to SP-exciton coupling may help reduce the size of 

local emission points. On the other hand, the AuOA sheet has extremely high refractive index 

(n) and extinction coefficient (k) as a result of the strong LSPR coupling in the sheet (n = 2.8 and 

k = 2.0 at 600 nm). The effective refractive index, which should be extremely high at the 

resonance wavelength, may reduce the diffraction limit as predicted by Abbe’s equation. We also 

found minimized photobleaching owing to the increase in the emission efficiency via plasmon-

exciton coupling.  

This simple nanomaterial-based technique will be a powerful tool to enhance interfacial signals 

and improve the quality of live cell images, not only under widefield microscopes but also in 

combination with various super-resolution microscope systems 
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INTRODUCTION 

 
Laser-induced breakdown spectroscopy (LIBS) [1] has emerged as the simplest least cumbersome 

analytical technique for the compositional elemental analysis of any material in the form of solid, gaseous, 

or liquid. This technique has several demonstrated advantages over the other available analytical 

techniques such as atomic absorption spectrometry (AAS), inductively coupled atomic emission 

spectroscopy (IC-AES), inductively coupled Mass Spectrometer (IC-MS), X-ray Fluorescence (XRF), 

Energy Dispersive X-Ray Emission, (EDX), Proton Induced X-Ray Emission (PIXE) and Laser Ablation 

Time of Flight Mass spectrometry (LA-TOF-MS). we present the working principles of all these 

techniques along with some experimental results to demonstrate the strengths and weaknesses of these 

analytical techniques.  

 

 

RESULTS AND DISCUSSIONS   

  
We have extensively studied a sample of commonly used Cement in Pakistan using different 

analytical techniques, as mentioned above. The LIBS spectra show the spectral lines of all the 

constituent elements. Thus a qualitative analysis can be accomplished without too much effort.  

However, for the qualitative analysis, a Calibration Free (CF-LIBS) [2] and other techniques have 

been employed. In Figure 1, we present the spectra of Cement taken with two distinct techniques; 

Laser-ablation Time of Flight Mass Spectrometer (LA-TOF-MS) [3] and Particle Induced X-Ray 

Emission (PIXE).  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The upper spectrum is taken with LA-TOF-MS showing the ionic peaks of the constituent elements and 

the lower spectrum is taken with PIXE showing peaks corresponding to the energies of the out-going electrons of 

the constituent elements. 
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In the LA-TOF-MS graph, the flight time of the ions arriving at the detector is plotted and the height of 

the peak gives the relative concentration of the constituent elements. However, in the PIXE graph, the 

energies of the outgoing electrons from the constituent elements are plotted along the X-axis and the 

height of the peak yields the relative concentration of the constituent elements. Interestingly, all the 

elements that have been identified by LA-TOF-MS are also identified by PIXE and the relative 

compositions are also comparable. However, with PIXE one can’t detect light elements such as Li or Mg, 

which are clearly identified by LA-TOF-MS. We studied the same samples using EDX, in which the 

excitation source is an electron beam, and XRF, in which the excitation source is high-energy photons. 

Both the techniques yield identical results, Kα lines of the constituent elements despite having different 

excitation sources. The resolution of the XRF is slightly higher as compared with EDX. The IC-AES also 

yields very detailed quantitative compositional analysis but it requires much effort to prepare the sample.  

In conclusion, one can extract the elemental composition of any sample using the available analytical 

techniques. However, LIBS remains the simplest and cost-effective technique for such studies. 
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Lithium niobate is an excellent optical medium with versatile properties. Over the last decades, lithium 

niobate crystal has been a hot topic in optics researches and applications. Recently, lithium niobate on 

insulator (LNOI) has been considered as a revolutionary technology in optics, which rejuvenates lithium 

niobate for LNOI based integrated photonics. As one of the best nonlinear crystal, lithium niobate thin 

films (LNTF) is irreplaceable in frequency conversion. In this talk, we will present the most recent 

progress in nonlinear frequency conversion in LNTF, including second-order nonlinearities, third-order 

nonlinearities, cascaded nonlinearities and optical frequency comb. At last, prospect for photonic 

integrated circuits (PIC) on the LNOI platform will be given. 

 

Keywords: Lithium niobate on insulator; nonlinear optics; photonic integrated circuits. 
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Optical metamaterials such as hyperbolic metamaterials (HMMs) have a unique property that exhibits 

high-k modes due to hyperbolic dispersion and the existence of epsilon-near-zero (ENZ) in their 

electromagnetic spectral range. Besides the existence of ENZ wavelength, HMMs can enhance the 

radiative recombination rate (spontaneous emission) of quantum emitters. Recently, researchers have 

investigated deeply the linear properties of ENZ metamaterials. Such investigations lead to achieving a 

broad range of applications such as novel waveguiding regimes and controlling the radiation pattern of 

electromagnetic sources [1-2]. In addition, experimental evidence is presented for the role of ENZ 

metamaterials to affect optical nonlinearity. Such effect demonstrates the efficient third harmonic 

generation and nonlinear Kerr index n2 for TCO (transparent conductive oxides) materials and HMMs 

[3-5]. 

 

We have investigated both the linear and nonlinear effects of a multilayer epsilon-near-zero metamaterial. 

First of all, we have used the ENZ feature of HMM as a substrate to manipulate the resonance of 

plasmonic nanoantennas. The localized surface plasmon resonance of metal nanoantenna is significantly 

influenced by the size, shape, and environment but also its substrate. We demonstrate that the vanishing 

index of the substrate slows down the resonance shift of the antenna, known as pinning effect. Moreover, 

we have controlled the pinning effect at different regions by tuning the ENZ wavelength of HMM [6]. 

 

To investigate the nonlinear effect, we modified the complex effective refractive index of the designed 

HMM in the visible spectral range which leads to the generation of the higher-order nonlinear refractive 

index. Consequently, such modification in the effective refractive index changes the reflectance and 

transmittance properties. We have shown the ability to exploit the ENZ regime, for effectively tuning the 

optical properties of a metamaterial with a simple design, operating in the visible range. The applied 

nonlinear change in the index of refraction leads to an ultrafast light-induced metal to dielectric phase 

change at the ENZ region [7]. The ability to access ultrafast light-induced refractive index changes 

represents a new paradigm for nonlinear optics. We anticipate that research on the nonlinear optical 

response of ENZ materials will generate very important results for years to come. 
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May-On TJIA Lecture 

 

May-On Tjia (25 Dec. 1934 – 5 Nov. 2019) 

Prof. May-On Tjia, the initiator of ISMOA meeting series and co-founder of the Indonesian Optical 
Society, passed away on 5 November 2019. The late Prof. May-On Tjia received his Bachelor of 
Physics from Institut Teknologi Bandung (ITB), Bandung, Indonesia in 1962, and continued at 
Northwestern University in the United States of America, where he obtained his Ph.D. in 1969 in 
particle physics. Gradually, his research interests shifted to conjugated polymers, superconductors, 
laser spectroscopy, and to modern optics. He worked on these topics productively until the end of 
his life. Prof. May-On Tjia never even considered stopping doing science: after his retirement as a 
Professor from ITB in 2005, he still informally supervised students in the Physics of Magnetism and 
Photonics Research Divisions, and was involved in research on laser-induced breakdown 
spectroscopy in the Maju Makmur Mandiri Research Center, Jakarta. 

Prof. May-On Tjia was a Senior Member of The Optical Society (OSA) and received several national 
awards. In 2007, he was the recipient of “Anugrah Sewaka Winayaraha" award from the Indonesian 
government for distinguished service to higher education in Indonesia. In 2009 he was awarded 
the "Ganesa Cendikia Widya Adiutama” award from the Institut Teknologi Bandung for unusually 
wide-ranging internationally published research contributions in material physics. He was the 
recipient of "Achmad Bakrie Award 2012" award from the Freedom Institute for exceptional 
contribution to the scientific research output of Indonesia and the development of research culture 
in Indonesia, and of the "Sarwono Award 2016” award from the Indonesian Institute of Sciences 
(LIPI) for outstanding contribution to the results of scientific research and dedication in developing 
a research culture in Indonesia. 

The May-On Tjia Lecture series is created to commemorate his scientific legacy which is based on 
more than 50 years (1966-2019) of research. During times when only scant research funding was 
available Prof Tjia did not keep his research brain idle (this was the term he used to use), and never 
ceased to do research, so he was ready whenever opportunities arose. The first May-On Tjia Lecture 
on Modern Optics is organized by the Physics of Magnetism and Photonics Research Division of the 
Institut Teknologi Bandung in collaboration with the Organizers of the 13th International 
Symposium on Modern Optics and Its Applications 2021. The May-On Tjia Lecture on Modern 
Optics will be incorporated in the program of this conference and in that of future ISMOA 
conferences.  

Considering the broad spectrum of Prof. Tjia’s interests that encompass Optics and Magnetics, the 
May-On Tjia Lecture will be delivered by scientists working in one of these areas, and who share 
Prof. Tjia’s values of building a deep-rooted research culture in his/her environment and 
demanding high-quality research from themselves and from their collaborators. 
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ABSTRACT 

The maturity of integrated photonic manufacturing has allowed implementation of advanced concepts in 

integrated optical circuits. Integrated photonic circuits nowadays can have very high number of 

component counts with each component can be tailored in terms of functionalities. An emerging concept 

recently embraced by integrated photonics is the concept of programmability [1-3]. In ways that mimic 

electronics, new generations of photonic circuits are presently composed of basic building blocks that are 

replicated and interconnected to make a larger circuit that can be programmed to carry out numerous 

functions.  

In terms of hardware implementation, there are a number of ways to construct a programmable photonic 

circuit. A more traditional way is to build the circuit based on a mix of dedicated building blocks, such as 

ring resonators, splitters, combiners, with each of these components capable of reconfiguration [4]. A 

recent departure from this concept proposed a circuit realized from a mesh of a single building block, 

which is a tunable beam splitter, that is arranged to allow feedback and feed-forward light propagation 

[5].   
Programmable photonic can find applications in various fields including quantum photonics [1], 

computing [2], and microwave photonic (MWP) signal processing [3]. For MWP processing in particular, 

overall system performance including signal-to-noise ratio and linearity is an important factor that 

currently cannot be satisfied by the mesh-based programmable circuits. For this reason, a new approach 

in programmable MWP circuit has been proposed. This breakthrough approach relies on two new building 

blocks with unique programmability, namely an on-chip modulation transformer [6] and a double-

injection ring resonator [7]. Using the interconnection of these building blocks an advanced MWP 

programmable circuit with all-optimized signal processing performance has recently been  demonstrated 

[8]. 
 

Keywords: Integrated optics, microwave photonics   
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INTRODUCTION 

 
The quantum cascade laser (QCL) is a novel laser architecture, which is capable of emitting light in the 

infrared regions. A problem inherent in the current devices is large angle distributions due to the 

diffraction of light emitting from the thin waveguide. To improve the output beam quality, we are 

developing a photonic-crystal (PC) surface-emitting QCL, where the waveguide mode is directly 

diffracted from the PC slab along the surface normal direction. A prerequisite for the surface emission is 

a perfect resonance between the waveguide mode at the Gamma point in momentum space and the QCL 

gain frequencies. Thus, the measurement of the dispersion relations is essential for optimizing the laser 

action.  

 

For this purpose, we recently developed a high precision angle-resolved setup, which is attached to a 

Fourier-transform infrared (FTIR) spectrometer [1]. Using this setup, we measured the in-plane dispersion 

relation of two-dimensional (2D) PC slabs made of standard silicon-on-insulator (SOI) waveguides, and 

observed the successful formation of photonic Dirac cones in the mid-infrared region [2,3]. In this work, 

we apply the angle-resolved technique to the characterization of actual QCL devices formed of 

In(Ga,Al)As/InP based multilayer structures. We prepare PC samples with different unit cell shapes, and 

discuss their impact on the waveguide modes.   

 

RESULTS AND DISCUSSIONS   

 
The left panel in Fig. 1 shows the optics 

arrangement of our angle-resolved setup. 

Infrared light from FTIR is carefully 

collimated, and beam divergence is limited 

to less than 0.3 degree. The collimated beam 

passes through a beam splitter, which then 

transmits the beam from the sample to the 

detector. The setup enables us to observe 

infrared reflection spectra even at normal 

incidence, and to change the incident angle 

(θ) from −3.7◦ to +3.7◦ across zero. The 

setup is installed in the FTIR compartment, 

see the right panel in Fig. 1.  

Figure 1. The optics arrangement of an angle-resolved 

setup (left). The photoimage of the setup installed in the 

sample compartment of an FTIR (right) 
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The base QCL structures are grown on InP(100) by molecular beam epitaxy. They contain 

InGaAs/InAlAs strain-compensated multiple quantum wells (MQW) with a total thickness of 1.6 μm. 

The MQW serves as an active layer that has an optical gain at wavelengths around 4.4 μm. We design 

a square lattice PC, which has a resonance between the measured QCL frequency and the second 

lowest band edge at the Γ point. Then, we fabricate the PC samples using electron beam lithography 

and reactive ion beam etching techniques. 

 

Figure 2 shows midinfrared reflection 

spectra at normal incidence for samples 

with circular pillars with different lattice 

constants. All the samples exhibit similar 

spectral curves, which shift to higher 

wavenumbers (shorter wavelengths) in 

unison for smaller lattice constants. The 

observed scaling behavior is evidence that 

signature spectra are induced by resonant 

coupling to PC modes. 

 

The vertical arrows seen above each 

spectrum indicate the mode energies 

calculated by the finite element method. The first and second arrows from the left (low wavenumber) 

side are the lowest energy TE-like and TM-like modes, respectively. They are denoted by TE (1) and 

TM(1). The third and fourth arrows are higher order confinement modes (TE(2) and TM(2)), which have 

a nodal field distribution in a direction normal to the slab. These calculated modes are in fairly good 

agreement with the measured spectral peaks, although the peak intensities are strongly dependent on 

the mode index [4]. We will also discuss the influence of the unit cell shape on the measured modes.  

 

In conclusion, we proposed angle-resolved reflection measurement with using a Fourier transform 

spectrometer as a useful technique with which to determine the in-plane dispersion relations of 2D 

PC slabs in the mid-infrared region. The angle-resolved measurement is particularly useful for 

determining optimal conditions for surface emitting QCL. Note that using the studied structure we 

have recently achieved the surface emitting laser action [5]. 

 

Keywords: photonic crystal slab, mid-infrared, angle-resolved spectroscopy, dispersion relations, 

surface emitting laser, quantum cascade laser. 
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Figure 2. Normal-incidence reflection spectra of InP-

based PC-QCL samples with different lattice constants.  
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INTRODUCTION 

The development of perovskite solar cells (PSCs) shows rapid progress in just one decade, where its 

power conversion efficiency (PCE) has been quickly improved from 3.8% in 2009 to 25.2% in 2020 [1]. 

Mostly, perovskite layers in PSCs are prepared by a solution process and annealed at relatively  low 

temperatures. This process often leads to the formation of structural defects in polycrystalline perovskites. 

In previous reports, the polycrystalline perovskites show a higher defect density than single-crystal 

perovskite or silicon crystal. In principle, perovskite is chemically unstable when exposed to moisture, 

light, or heat. The presence of defects and defect behavior such as ion migration and reactions with 

invasive molecules can trigger perovskite degradation which adversely affects the performance of solar 

cells [2]. By using photoluminescence spectroscopy Choi et al. reported that ion migration in the 

perovskite/transport layer affected the PSC's performance [3]. It has also been reported that temperature 

affected the I− and MA+ diffusion into the spiro-OMeTAD layer. In that case, the diffused I− ions prevent 

the oxidation process of Spiro-OMeTAD, causing a decrease in the conductivity and charge collection 

ability of spiro-OMeTAD [4]. Herein, we present investigation results on several PSCs having different 

cell performances, which were suggested to be caused by the presence of excess unpaired ions at the 

surface of perovskite grain boundaries or interfaces, by simple measurements of intensity-modulated 

photovoltage spectroscopy (IMVS). 

RESULTS AND DISCUSSIONS   

In this work, all cells were fabricated in a mesoscopic structure. Cell A and B consist of FTO/ c-

TiO2/mp-TiO2/MAPbI3/ spiro-OMeTAD/Au structure, where c-TiO2 is compact TiO2 and mp-TiO2 is 

mesoporous TiO2. The perovskite layers in cells A and B were prepared by a sequential two-step spin 

coating process using perovskite precursor solutions with different concentrations, that is, 1 M for 

the first step and 1.4 M for the second step.   

Meanwhile, cell C has a similar cell structure but 

the perovskite layer was prepared by only a one-

step spin-coating process by using the 1.4 M 

precursor solution. The J–V characteristics of 

PSCs are shown in Table 1, where cells A and B 

indicate higher performance than cell C. The 

absorbance spectra of all perovskite layers 

indicate strong absorption in the visible light 

region with the same absorption onsets at ~780 nm, which is typical characteristics of this  These 

results may indicate that the different performance of cells is not related to bulk characteristics but 

is rather attributed by the interfacial characteristics. 

Tabel 1. J–V Characteristics 

Cell 
Jsc 

(mA/cm2) 

Voc 

(V) 

FF 

(%) 

PCE 

(%) 

A 25.9 1.0 48.8 13.2 

B 13.7 1.0 56.2 7.9 

C 10.3 0.9 42.9 4.2 
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Figure 1 depicts a Nyquist plot of IMVS measurements. The high-frequency response in IMVS is 

related to electronic charge transport and recombination at the electrode/active layer, i.e.  

TiO2/perovskite, whereas the low-frequency response may be related to ion migrations accumulated 

at the surface of perovskite grain boundaries or interface. In this work, the large semicircle at high-

frequency regime exhibit the time constant τ = 56.2 µs, 31.6 µs, and 19.9 µs for cells A, B, and C, 

respectively. Whilst, the smaller semicircle at the low-frequency regime exhibit τ = 19.9 ms, 8.9 ms, 

and 4.5 ms for cells A, B, and C, respectively. The time constant of Cell C is the shortest indicating 

the largest and fastest ion migrations. In addition, the semicircle shape in Cell C looks different from 

other cells. Cell C will be different from other cells in its perovskite layer thickness, where the layer 

will be much thicker because the precursor solution 

cannot easily penetrate the TiO2 mesoporous layer 

during spin-coating. Therefore, we may suppose that 

more excess unpaired ions are present at grain 

boundaries or interface, which then affects the entire 

transport electron. In such a case, subsequent electron 

trapping may cause a delay in the rise part of the 

transient photovoltage (TPV) curve [5]. Both IMVS 

and TPV data of cell C then suggest that ion 

migration may also affect the entire electron transport 

in the fast time regime before the electrons reach the 

outer electrode layers.  

 

 

Keywords: surface states, ion migration, trap states, IMVS, TPV 
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INTRODUCTION 
 

Gold nanoparticles (Au-NPs) are commonly used for biosensor applications due to its biocompatibility 

and optical properties called Localized Surface Plasmon Resonance (LSPR) described as an optical 

phenomenon from sub-wavelength particle arise from the collective oscillation of conduction electron 

due to its interaction with electromagnetic waves that depends on the material composition, geometry, 

dielectric environment, and interparticle distances [1]. In general, Au-NPs need capping material to 

protect and stabilize the Au core. The specific properties of Au-NPs are determined by the capping organic 

material such as the LSPR effect and also their dispersibility in the various solvents. In this research, we 

attempt to investigate the optical and chemical properties of 3-mercaptopropionic acid (3-MPA) adsorb 

on Au-NPs and to study their possibilities to be used as a probe for colorimetric sensor applications. The 

Au-NPs functionalized by 3-MPA (Au-MPA) were prepared by the use of a modified citrate reduction 

method modified from the research conducted by Yonezawa & Kunitake [2] and Wulandari et al [3] with 

citrate and 3-MPA injected simultaneously during the synthesis process and then purified. The Au-MPA 

then were functionalized by biocytin through EDC-NHS coupling reaction to activate the carboxylic 

group in 3-MPA therefore it forms an amide bond with the amine group from biocytin. A colorimetric 

assay was done by injecting various concentrations of avidin to induce a cross-linking aggregation from 

the avidin-biotin complex. The optical properties of Au-MPA were characterized by UV-Vis spectrometer 

while their size and shape were confirmed by PSA and TEM measurement. Chemical properties 

characterization was done by using an FTIR spectrometer to analyze the vibrational spectrum from Au-

MPA and 3-MPA molecule. 

 

RESULTS AND DISCUSSIONS    
 

The product of Au-MPA reveals the red wine color solution and in our observation, it can be stable 

for at least 7 months. The presence of Au-MPA in the solution can be observed from the appearance 

of a plasmonic peak at ~527 nm in absorbance spectra as shown in Figure 1 with spherical shape and 

~51 nm of diameter size as captured by TEM image. The coordination of 3-MPA on the gold surface 

was investigated from the difference in vibrational frequency between Au-MPA and 3-MPA. The S-

H stretching peak at 2569 cm-1 disappears from Au-MPA due to S-H breaking bond before thiol 

adsorption on gold surfaces. It is also clear that there is a shift of  COOH asymmetric stretching from 

1713 cm-1 to 1620 cm-1 due to the gold dipole effect on the adsorbed ligand. 

In our research, the colorimetric sensor was performed by functionalized Au-MPA with biocytin (Au-

MPA/Biocytin) as the bioreceptor of avidin via amide coupling. Absorbance spectra of Au-MPA and 

Au-MPA/Biocytin do not change significantly as indicated by no color change in the solution. A 

colorimetric assay was investigated by injecting various concentrations of avidin into the solution of 

Au-MPA/Biocytin. Due to the induced cross-linking aggregation, the color of the solutions is 

changed from red to purple color with a different degree of changes along with different 

concentrations of avidin incorporation. Moreover, the absorbance spectra in Figure 2 show the red-

shifted plasmonic peaks together with the broadening band of the spectra which indicated the 

aggregation.  
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Figure 1. Absorbance spectrum of Au-MPA (insert: (top) size 

distribution of Au-MPA and (bottom) TEM image of Au-

MPA). 

 

 

 

Figure 2. Absorbance spectra of Au-MPA/Biocytin colorimetric assay with 

various concentrations of avidin (insert: colorimetric assay in solution). 

 

Keywords: 3-mercaptopropionic acid, biocytin, avidin, colorimetric sensor, localized surface plasmon 

resonance (LSPR). 
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INTRODUCTION 

 
This research aimed to reduce the production cost of DSSC through the extraction of anthocyanin from 

purple cabbage and green synthesized of silver nanoparticle (AgNPs) for the light harvesting material in 

DSSC. The anthocyanin extraction was conducted with maceration method for 24 hours with solvent 

variation, specifically distilled water (DI), ethanol and methanol, and the resulting extract solution was 

utilized to synthesized AgNPs. The physical and chemical characteristics of the extracts and AgNPs was 

characterized by UV-Vis measurement, FTIR, XRD, and LSV.  

 

 

RESULTS AND DISCUSSIONS   

  
From FTIR, it was found that absorption area of anthocyanin at 1629 cm-1 correspond with stretch 

vibration of C=O [1] was shifted to 1608 cm-1 in AgNP, which indicated a change in bonding 

characteristics into bend vibration of N-H originated from amine grup or flavanones [2]. The presence of 

flavanones indicates its double role as reduction and capping agent. The XRD spectrum of the extract 

shows amorphous non-Bragg diffraction peak at range of (15-25)°, which then disappears in AgNP’s 

diffractogram and replaced by Ag sharp peak at around 37.94° with different intensities for all solvents. 

The extract shows absorption on visible light range, peaked at (421, 480, 550 and 966) nm, (415 and 544) 

nm, and (409 and 544) for PCE in distilled water (DW), ethanol and methanol respectively. The peak at 

(420 and 550) nm was typical anthocyanin absorption peak [3]. The peak at 550 nm originated from 

aglycone group in anthocyanin disappeared in A1, E2, and M2 where A1, E2, and M2 were AgNP with 

AgNO3 dissolved in DW, ethanol and methanol, respectively. The peak at 973 still existed for all samples, 

but new peak at (908 and 916) nm were observed in E2 and M2. The Faradaic process was detected by 

the presence of reduction current (dark and irradiated condition) in the extract with water and ethanol as 

solvent, while it was not observed for methanol solvent. This reduction current later observed for all 

solvents in AgNP positioned at positive voltage of 0.2V. In order to be used as light absorber in DSSC, 

one must choose the dye solution with the absence or smallest reduction current. 

mailto:wdsukmawati@
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(a)  (b)  

 
Figure 1. The FTIR spectra (a) and diffraction pattern (b) of purple cabbage extract (PCE) in ethanol and 

silver nanoparticles (AgNP) in various solvent. 

 

(a)  

 

 

 

 

 

 

 

 

 

 

 

 

(b)  

 
Figure 2. The absorbance spectrum (a) and LSV results (b) of purple cabbage extract (PCE) and silver 

nanoparticles (AgNP) in different solvent.  
 

Keywords: Anthocyanin, Green Synthesis, purple cabbage, extract, AgNP, DSSC. 
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INTRODUCTION 

 
The addition of Transition Metal Dichalcogedines (TMD) towards the photodetector based on ZnO has 

attracted much attention due to their ability to improve the performance of photodetector[1–3]. TMD 

that used in this work is Tungsten disulfide (WS2). WS2 shows better optical and electrical properties 

when it changed from bulk to monolayer[4]. In this work, we report the effect of WS2 nanosheets 

addition to the performance of photodetector based on ZnO nanorods. ZnO nanorods were prepared by 

hydrothermal method for 6 hours and WS2 nanosheets were prepared by liquid phase exfoliation for 8 

hours[4]. Exfoliated WS2 solution was deposited on the surface of ZnO nanorods by spin-coating 

method. 

 

 

 

RESULTS AND DISCUSSIONS 

 

The sample was characterized by SEM, EDS, TEM, Raman spectroscopy, UV-Vis spectrometer, and 

photodetector test using 365, 505, and 625 nm incident lights to get the information about the 

morphology, structure, also its optical and electrical properties. Our work has successfully lowered the 

dark current after we added WS2 on ZnO nanorods surface as presented in Fig 1. It has an impact to the 

enhancement of photodetector performances such as sensitivity, responsivity, and detectivity that 

measured at voltage bias 5V. Under the illumination of UV light with 3.0 mW power, the sensitivity 

increased from 129.06% to 334.04%, responsivity increased from 0.93 to 1.11 A/W, and the 

detectivity increased from 2.5 x 109 to 4.4 x 109 Jones. 
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Figure 1. I-V plot (a) dark current (b) UV 365 nm (c) Cyan 505 nm (d) Red 625 nm 
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INTRODUCTION 
Pb pollution has been a massive issue in Indonesia, where it cause many adverse effects on human’s 

health. In this regard, a fast and accurate monitoring technique for Pb contamination in the water is 

required, of which LIBS could be used [1]. However, the application of LIBS in analyzing the liquid 

sample is still challenging. The interaction between laser and liquid surface induces splashing and 

vaporizing, resulting in the weaker and less stable plasma emission intensity [2]. Alternatively, the 

liquid sample could firstly undergo a liquid to solid conversion, as a mean to improve the sensitivity 

and stability of LIBS in analyzing the aqueous sample. Herein, the cellulose acetate-based polyurethane 

adsorbent was used to facilitate the liquid-solid conversion, as suggested previously [3,4].  

 

RESULTS AND DISCUSSIONS   
 

Comparison of spectral intensity obtained at different laser energy. 

Figure 1a presents the spectral intensities of C I (247.8 nm) and Pb I (405.7 nm) at three different laser 

energies. The emission intensity of both emission lines increased as the laser energy increased from 12 

to 54 mJ. The emission line intensity of C I (247.8 nm) and Pb I (405.7 nm) as a function of laser energy 

are presented in Figure 1b. The line intensity sharply increased when the energy is set above 24 mJ, 

indicating the energy threshold [2]. Based on this experiment, we set the laser energy at 54 mJ for 

further studies. Adsorption parameters including contact time and solution pH were also investigated 



ISMOA 2021 
13th International Symposium on Modern Optics and Its Applications 

Tangerang, Indonesia, 2-4 August 2021 
 

48 
 

(Figure 2a,b). Both contact time and pH played a major role in the enrichment process, which was 

attributed to the interaction between Pb and adsorbent surface [4]. 

 

Figure 1. (a) LIBS spectra and (b) energy function of Pb I (407.5 nm) and C I (247.8 nm) emission lines 

 

Figure 2. Effects of (a) contact time and (b) pH against the enrichment of Pb 

 

Detection Limit 

Detection limit (LOD) obtained at the optimum laser and adsorption parameters this study was 1.02 

mg/L, which has met the criteria for its application in wastewater monitoring of chemical industries, in 

Indonesia (the maximum threshold is 3.0 mg/L). Since the limit of quantification (LOQ) is three times 

higher than LOD, the proposed method is also applicable for qualitatively analyzing Pb content in the 

wastewater.  

In conclusion, our method is applicable to monitor the level of Pb in chemical industries’ wastewater 

as the LOD reaches 1.02 mg/L. The method is dependent to contact time and pH solution in the 

adsorption batch. 
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INTRODUCTION 
The recent development of laser-induced breakdown spectroscopy (LIBS) as a new and versatile 

analytical tool has attracted many researchers worldwide, as demonstrated by the increasing number of 

publications in that field. [1-2] However, the effect of self-absorption (SA) is well known in LIBS, 

particularly for emission lines resulting from direct resonant transitions involving the ground state. [3-

5] The appearance of this effect produces a nonlinear calibration line, which is crucial for reliable 

quantitative analysis. Although it is generally known that the non-resonance emission line does not 

suffer from the SA effect, it is occasionally necessary to use the resonance emission line in LIBS for 

specific elements. Even though several researchers have been conducted to correct for the SA effect in 

LIBS, no analysis of the major excitation mechanism of the resonance and non-resonance emission 

lines has been reported to our knowledge. Thus, this study is aimed to investigate the differences in 

excitation mechanisms of resonance and non-resonance emission lines of metallic samples using time 

profiles. 
 

RESULTS AND DISCUSSIONS   
Figure 1 shows the time profile of Al I 396.1 nm and Al I 669.6 nm emission lines when a high purity 

aluminum (99.999%) plate is irradiated using a 355 nm Nd:YAG laser with an energy of 44 mJ at 

atmospheric air pressure (760Torr). It can be seen in the inset of figure 1 that self-reversal appears in 

the resonance emission lines of Al I 394.4 nm and 396.1 nm but not at the non-resonance Al I 669.6 nm 

and Al I 669.9 nm emission lines. Figure 1 also shows that the time profile of Al I 669.6 nm consists of 

two components, namely a very fast-rising peak with short decay associated with the recombination 

process followed by a slow-rising peak with long decay associated with the shock wave model as we 

have explained in our previous works. [1-2] In this case, the contribution of the shock wave excitation 

is much larger than that of the recombination process, yielding a free self-absorption effect because, in 

the shock wave model, kinetic energy is converted into thermal energy to excite the ablated 

atoms.  Meanwhile, only a fast-rising peak with a short-decay is observed at the time profile of the Al 

I 396.1 nm resonance emission line. This fast-rising peak with a short decay is a characteristic of the 

recombination process at the early stage of plasma formation. This process suffers from the SA effect 
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since the outer shell of the plasma region is much cooler. One should note that the intensities of Al I 

396.1 nm and Al I 669.6 nm emission lines in the time profile are not comparable. The voltage of the 

photomultiplier tube (PMT) has been modified in this case to allow for a better comparison of the two 

time profiles. Meanwhile, the intensities in the spectrum, as shown in the inset of figure 1, are 

comparable because they were taken using a spectrograph at the same condition of slit width, time 

window, and gain in the ICCD device. Further evidence of the above phenomena is also demonstrated 

using a zinc plate, as shown in figure 2. 

 
Figure 1. Time profiles of Al I 396.1 nm resonance emission line and Al I 669.6 nm non-resonance emission 

line when a 355 nm laser irradiation with the energy of 44 mJ is focused onto high purity Al plate (99.999%) in 

atmospheric air pressure (760 Torr) 

 

  
Figure 2. Time profiles of Zn I 213.8 nm resonance emission line and Zn I 481.0 nm non-resonance emission 

line when a 355 nm laser irradiation with the energy of 44 mJ is focused onto high purity Zn plate (99.999%) in 

atmospheric air pressure (760 Torr) 

As shown in the inset of figure 2, self-reversal appears in the resonance Zn I 213.8 nm emission lines 

but not in the non-resonance Zn I 481.0 nm emission line. For the non-resonance Zn I 481.0 nm emission 
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line, the time profile also consists of two components as explained in figure 1 and for the resonance Zn 

I 213.8 nm emission line, the time profile only consists of one component which is related to the 

recombination process as explained in the previous paragraph.  
 

CONCLUSION 
It has been shown qualitatively that the excitation process of the resonance emission line is different 

from that of the non-resonance emission line. The non-resonance emission line follows both the 

recombination process and the shock wave excitation process, yielding a free SA emission line. On the 

other hand, the resonance emission line only follows the recombination process, yielding a serious SA 

in the emission line.  
 

Keywords: resonance emission line, non-resonance emission line, laser-induced breakdown 

spectroscopy, shock wave model, recombination process. 
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INTRODUCTION 

 

The pulsed laser deposition (PLD) methods have recently produced promising results in the field of 

optoelectronics, especially in superconducting films and fabricating active gain elements as amplifiers 

and laser oscillators [1,2]. In the process of PLD, a pulsed laser beam is focused on the target to be 

deposited. Then, an ablated plasma plume impinges on the heated substrate surface. However, the high 

energetic plasma plume causes the surface damage because the sputtered species and the particles 

propagated from the target, then forming a collision region from the condensation of particles [3]. For 

this reason, a thermal equilibrium, especially the stable substrate surface temperature, should be 

achieved for the steady and sustained film growth. Therefore, to produce a high-quality thin film, a 

pyrometry system is necessary for the PLD process.  

 

RESULTS 

 

In this study, a digital pyrometry with an automatic control system has been developed. A two-colour 

pyrometer (Hamamatsu K1713-09) is applied for the measurement of substrate surface temperature in 

the PLD system. A digital computer and two-colour photodetector are coupled to obtain higher accuracy 

substrate surface temperature and the output signal from the respective detectors. The detector consists 

of silicon and InGaAs photodiodes; with an infrared- transmitting silicon photodiode in the top of the 

InGaAs PIN photodiodes. Besides, the silicon photodiode has a photosensitivity area of mm while the 

InGaAs has a circular area of 1. In the light path, the silicon photodiode covered over the InGaAs and 

looked like a sandwich structure. It represents that the transmission of the silicon is needed to be 

considered for the real case.  Using a KrF (Krypton Fluoride) excimer laser which operates at 248 nm, 

with 20ns pulse and 100 Hz repetition rate to ablate the target materials. Then, the Rofin OEM10iX 

laser was integrated into the experiment design to provide high power for the substrate heating process. 

The CW laser assembly consists of three components, a laser tube, a fine-tuned optical correction 

system, and an integrated power unit. These sets enable us to remotely determine the substrate 

temperature during the process of deposition and potentially allow us to develop control routines for 

maintaining a constant temperature throughout the process. The analysis result requires considerable 

reliable data support to form the quantitative of mathematical models. At first, we investigate value of 

the detected pick-off power and the chamber power as a function linearity as shown in the Fig. 1. The 

function of linearity between those two variables is y=2.3341x+0.171. The pick-off power was detected 

behind the ZnSe window. The beam from the laser has been divided into two parts, one was transmitted, 

and the rest part of power was reflected. The data error shown by Fig. 1 arise from the standard deviation 

of the chamber power. This relationship is used to calculate the chamber power in real time when only 

the pick-off power is known. To explore the relationship between the elements can be expressed as: 
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R =
𝑉2
𝑉1

=
𝐼2
𝐼1
=
∫ 𝐼λ1(λ, 𝑇)𝐼𝑛𝐺𝑎𝐴𝑠 ∗ 𝑆𝐼𝑛𝐺𝑎𝐴𝑠 ∗ 𝑇𝑆𝑖𝑑𝜆
1.7

1.1

∫ 𝐼λ2(λ, 𝑇)𝑆𝑖
1.1

0.3
∗ 𝑆𝑆𝑖 ∗ 𝑑𝜆

 

Where 𝑉2 and 𝑉1 are voltages of InGaAs photodiode and Silicon photodiode respectively. Each of the 

photodiodes has a different spectral response range. And the InGaAs (𝑆𝐼𝑛𝐺𝑎𝐴𝑠) has a spectral sensitivity 

from 1.1 to 1.7 𝜇𝑚, while the Silicon’s (𝑆𝑆𝑖) response range between the 0.3 and the 1.1 𝜇𝑚. 𝑇𝑆𝑖 is the 

transmission of Silicon photodiodes at the chosen wavelength. The above equation illustrates the ratio 

of currents is proportional to the detected radiation in two respective photodiodes. [4-6]. The designed 

system has a broad spectral response range from 0.32 to 1.7μm and achieves a deficient full-scale 

temperature error with <1.80C. Factors influencing the temperature measurements are studied in order 

to identify the sensor limitations, such as possible damage on the two-colour photodetectors, the spectral 

losses, responsivity, or the distance between the photodetector end and the substrate. Finally, this 

pyrometry system is applied in the PLD process; using the pyrometer detects the temperature and tried 

to keep a constant temperature. 

 

Keywords: Thin Films, Pulsed Laser Deposition, Pyrometry, two-colour detector, Spectral Losses. 
 

 
Figure 1. The relationship between pick-off power and the chamber power 
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INTRODUCTION 

Since the losses of silica fibers are the lowest which is around the 1.55µm, categorized into conventional 

band and long wavelength band, known as C-band ranging from 1530nm to 1565nm and long 

wavelength band ranging from 1565nm to 1625nm respectively[1][2]. This region also called as the 

third telecommunication window which is commonly used in modern optical communication[1], [3]. 

To support the increasing demands on the internet and data usage capacity, implementation of long 

wavelength band in fiber laser which has been perceived as the natural extension of the C band, is useful 

for channel capacity enhancement of the systems[4][5], [6]. By implementing then L band in a system, 

a wider bandwidth in the optical fiber transmission is achieved[7].  

In passively Q switched fiber laser, saturable absorber (SA) employment between the laser resonators 

is the key to start the Q switching operation which is usually induced by material[8]. Passively Q 

switched pulse laser is a popular research interest for years due to its minimalism design. Recently, 

many paper has reported passively Q switching operation by employing TMD group. One of the 

material belong in the TMD group is copper telluride (Cu2Te) which is a promising material that exhibit 

remarkable optical properties that perfectly fit for applications in the photonic’s field [9-10].  

In this work, a passively Q switched with Cu2Te/PVA thin film is employed as SA fiber laser on L band 

cavity with erbium-doped fiber (EDF) as the gain medium is demonstrated. At the highest pump power, 

the output power is 1.36 mW at the central wavelength of 1570 nm with pulse width and SNR of 2.1 µs 

and 44.2 dB respectively. 

 

RESULTS AND DISCUSSIONS   

  
In this study, self-starts Q switched pulse operation with Cu2Te/PVA thin film SA starts when pump 

power reaches 260.3 mW, which is also known as Q switching threshold. A stable pulse train with 

different repetition rate is observed as the pump power is increased gradually. At the highest pump 

power of the Q switched operation, 400.3 mW, the typical characteristics of the pulse are recorded 

as in Figure 1.  A broad lasing spectrum with center wavelength of 1570 nm is obtained as in Figure 

1(a) which satisfy the spectrum condition of Q switching and operating wavelength of the L band 

region respectively. The oscilloscope trace of the pulse train as shown in Figure 1(b). 
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Figure 1. (a) Output spectrum and (b) pulse train of the Q switched pulse at 400.3 mW. 

 

 

Keywords: passive Q-switching, copper telluride (Cu2Te), L band, Erbium doped fiber (EDF) laser. 
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INTRODUCTION 
 

Plastic optical fiber (POF) sensor has been immensely developed for many sensing applications 

including physical and chemical/bio sensor. Since it offers the advantages of non-destructive, easy 

fabrication and installation, immunity to electromagnetic interference, compact, low fabrication costs 

and higher durability compare to silica fiber sensor [1]. Tapered POF is one of the modified structure 

on POF by reducing its diameter and induces guided modes in the core to be evanescent modes [2-3]. 

As a sensor, the tapered structure on POF increase the sensitivity of non-tapered POF. The number of 

tapers on optical fiber affect its characteristics as well. Hence, it is important to investigate the 

characteristic of tapered POF with the variation on number of tapers. In this paper, the spectral 

characteristic of symmetric double tapered POF was investigated. The fabrication of symmetric double 

tapered POF (DT POF) was conducted by reducing the core diameter using chemical process as 

described in [3]. The core diameter and the length of the tapered were fixed at 0.45 mm and 1 cm, 

respectively. The distance between first tapered and second tapered area was varied from 1 cm, 2 cm, 

and 3 cm. Transmission spectrum characterization of symmetric DT POF was measured at near infrared 

wavelength range (900-1600 nm) using a spectrometer by OTO-Photonics.  

 

RESULTS AND DISCUSSIONS  

 
Figure 1(a) shows a schematic structure of DT POF. The microscopic image of fabricated 

symmetric DT POF is shown in Figure 1(b). One can see that the taper structure 1 and taper 

structure 2 are identical and both have the same taper waist diameter of 0.45 mm. The transmission 

spectrum of various tapered POF structure is depicted in Figure 2. It shows the transmission spectrum 

variation due to the distance between two taper (DT Interval) variations when compared to the no taper 

dan single taper structures. The taper structure induces, a so called, modal interference as indicated by 

the appearance of peaks. The distance between two peaks can be attributed by a Free Spectral Range 

(FSR). The FSR decreases as the increases of the distance between two tapered as shown in Figure 2(b). 

The results show agreement with the theory as in ref. [4]. The change of FSR value indicates a change 

in the interference spectrum between fundamental mode in core with transport mode in cladding [5]. 

When the external parameters of the environment change, such as the refractive index, the effective 

refractive index (RI) between core and cladding mode will change, which will cause a shift of 

interference dip spectrum. The DT POF shows a potential as chemical/bio sensor which utilized its 

spectral characteristics to measure the refractive index. 
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(a) (b) 

Figure 1. (a) A schematic structure of DT Structure, (b) Microscopic image of symmetric DT POF 

  
(a) (b) 

Figure 2. Spectrum Transmission of Symmetric DT POF without Sample (a) Compared with Other 

Structures (b) with Their Respective Free Spectral Range (FSR) Values 

 

Keywords: Symmetric Double Tapered, Spectrum Characterization, Near-Infrared Wavelength 

Range. 
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INTRODUCTION 

The four-wave mixing (FWM) effect has been explored for optical switching [1], signal demultiplexing 

[2], and wavelength conversion [3]. This effect is generally caused by highly nonlinear optical fibers, 

such as photonic crystal fibers [4], highly nonlinear dispersion-shifted fibers [5], and highly nonlinear 

fiber [6]. In addition, the manufacture of micro-fibers has received high attention due to its ease of 

manufacture, maximum light confinement within the waveguide, and high sensitivity to environmental 

conditions [7]. Recently, several studies have recently been conducted to discover the ability of two-

dimensional (2D) materials as nonlinear devices due to their excellent nonlinear optical absorption 

properties [8-10]. In this work, we demonstrated the formation of the FWM effect in the 2D material 

MoTe2. By depositing the material on the side polished optical fiber (SPF), the characteristics of MoTe2 

deposited SPF as a nonlinear device were studied using FWM-based wavelength conversion 

experiments [11]. 

  

 

RESULTS AND DISCUSSIONS   

  
Figure 1 (a) depicts the experimental setup for inducing the FWM effect in SPF deposited by 

MoTe2. ECL1 and ECL2 are the two external cavity lasers (ECL) used in the setup. ECL1 is used as 

the pump with a wavelength of 1554.09 nm. At the same time, ECL2 is selected as the signal with 

a wavelength of 1554.54 nm. ECL2 can be modulated to 5 kHz and 300 MHz internally and 

externally. A 3-dB coupler is used to combine two signals, which are set to almost equal power. 

Then, an erbium-doped fiber amplifier (EDFA) is used to amplify the output of the coupler with a 

maximum gain of 32 dBm. The amplified signal is sent to the SPF, which acts as a non -linear 

medium where the FWM effect occurs. The Thorlabs S145C Optical Power Meter (OPM) and 

Anritsu Optical Spectrum Analyzer (OSA) with a resolution of 0.03 nm, are used to monitor the 

output at the other end of the SPF. After the initial analysis, the output is connected to another 

optical component, as shown by the red square in Figure 1 (a), to filter out the newly converted 

wavelength.  

 

The FWM output spectrum is presented in Figure 1 (b), with the pump power of 32 dBm is emitted into 

the SPF deposited with MoTe2. The pump and signal wavelengths are set to λ1 = 1554.09 nm and λ2 = 

1554.54 nm, respectively. The idler is produced by the FWM interaction of (1/ λ1) + (1/ λ2) = (1/ λ3) + 

(1/ λ4), which proves that the FWM effect produces two idlers. The FWM conversion efficiency is 

defined as the power ratio of the converted input signal [12], and the calculation result is about -38 dB. 
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Figure 1. (a) Experimental diagram for FWM-based optical wavelength converter in MoTe2-deposited SPF, 

and (b) the FWM output spectrum. 

 

Keywords: nonlinear device, four-wave mixing, Molybdenum ditelluride. 
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INTRODUCTION 
We recently identified that a promising route to simultaneous programmability and enhanced 

performance is through versatile modulation transformation because the modulation dictates virtually 

all aspects of microwave photonics (MWP) system performance. On the other hand, the type of 

programmable functions that can be realized in a given circuit is determined both by the type of 

modulation and the phase and amplitude manipulations derived from an optical filter such as a ring 

resonator. Combining an on-chip versatile modulation transformer (MT) with an equally versatile 

optical filter holds the promise to unlock programmability and high performance. 

 
Here, we experimentally demonstrate a new kind of integrated MWP circuit in silicon nitride (Si3N4), 

combining the MT and the double-injection ring resonator (DI-RR). The MT is used to synthesize a 

variety of radio frequency (RF) analog modulation formats [1, 2] while the DI-RR is used to create a 

tunable bandpass and bandstop optical filtering responses from the same output port [3]. By judicious 

selection of combined modulation formats and filtering responses, we show an array of filtering 

functions with versatility unmatched by more traditional MWP circuits. 
 

RESULTS AND DISCUSSIONS  
Figure 1(a) shows the two fundamental parts of our circuit, the MT and the DI-RR. The MT is an optical 

circuit consists of a spectral de-interleaver, a tuneable attenuator, a phase shifter, and a combiner, while 

Figure 1. (a) Schematic of two key building blocks of on-chip versatile microwave photonic spectral shaper. (b) 

Concept and possible scenarios applied using on-chip versatile MWP processor. 
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Figure 2. Measured of four applied scenarios using on-chip versatile microwave photonic spectral shaper. (a) RF 

notch filter with SSB modulation. (b) High rejection RF notch filter with asymmetric DSB modulation. (c) RF 

bandpass filter with PM-IM conversion. (d) RF bandpass filter with SSB modulation and optical carrier injection 

 

the DI-RR is a device containing of an add-drop ring resonator (AD-RR) that is double injected from a 

single input. Figure 1(b) shows the operation principle and application of four different scenarios using 

the proposed device. Here, we used intensity modulation (IM) or single sideband (SSB) modulation as 

an input followed by four modulation transformation to process amplitude and phase of the spectrum, 

namely intensity modulation (IM) to single sideband (SSB) modulation in scenario 1, IM to asymmetric 

dual-sideband (ADSB) modulation in scenario 2, IM to phase modulation (PM) in scenario 3, and SSB 

modulation with carrier re-insertion (SSB+CI) in scenario 4. Next, the response of DI-RR (notch or 

bandpass) processed the modulation spectrum at the output of the MT to synthesized an array of filtering 

functions. 

 
Figure 2(a) shows the measured RF notch filter with 5 dB rejection in the scenario 1. By adjusting the 

phase and amplitude of one sideband in the scenario 2, the RF notch filter rejection can be amplified up 

to 58 dB as shown in Fig. 2(b). Figure 2(c) shows the measured RF bandpass filter exhibits 10 dB 

rejection in the scenario 3. Last, Figure 2(d) shows the measured RF bandpass filter with 15 dB rejection 

in the scenario 4. These four applied scenarios show the versatility of the proposed device to shape the 

phase and amplitude of optical modulation spectrum. We further analyze the performance of the filter 

in the system, including the RF link gain and the noise figure (NF). Here, the intensity modulator bias 

point is set to quadrature (B=π/2) to achieve maximum RF link gain. For the high rejection RF notch 

filter, the measured RF link gain is 0.7 dB, the total noise power spectral density is -148 dBm/Hz, and 

the noise figure is 25 dB. 

 
To conclude, we have demonstrated experimentally for the first time, to the best of our knowledge, a 

new kind of integrated MWP signal processor in silicon nitride (Si3N4) that combines a programmable 

MT with a versatile DI-RR. Four different scenarios were applied, creating RF notch and RF bandpass 

filters with only using a simple intensity modulator. A high rejection RF notch filter can be synthesized, 

exhibits filter’s suppression up to 58 dB, RF link gain of 0.7 dB, and noise figure of 25 dB. 
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INTRODUCTION 
 

Magneto-Optic Kerr Effect (MOKE) in nanostructure has gained attention since it is promising to be 

applied in, among others, memory devices because it can be used for high density data storage [1]. 

However, the MOKE is relatively weak in nanostructure [2]. In our previous research, we have 

demonstrated the suppression of the non-MO backward scattering may lead to the enhancement of 

MOKE [3]. Nevertheless, the resulted MOKE value is still small, this is due to two reasons. Firstly, 

suppression mentioned above is not completely and secondly, the Voight parameter Q used for the 

Yttrium Iron Garnet (YIG) is very small (𝑄 ≈ 10−4) [4]. In this work, we consider to use Bismuth-

substituted Yttrium Iron Garnet (Bi:YIG) in view of the fact that it has dielectric properties with high 

refractive index at wavelength 600-700 nm to support the backscattering suppression and also has better 

magnetic properties than YIG [5]. We also studied to modify the geometry of scatterer to become oblate 

spheroid that may result in changing the multipolar components to produce the higher suppression for 

increasing Kerr amplitude. The scattering calculation is done by using FDTD simulation and the result 

is analyzed by multipolar decomposition. 

 

RESULTS AND DISCUSSIONS 
 

We consider a Bi:YIG magnetic scatterer object in the homogeneous background (glass) with 

various spheroid form (𝑟𝑥 = 𝑟𝑦 = 𝑏𝑟𝑧) to gain the MOKE enhancement. The incoming planewave 

with 𝑦-linearly polarization is illuminated to the −𝑧 direction and scattered by magnetic object with 

magnetization parallel to 𝑧-axis (polar MOKE configuration). The MOKE value is calculated as 

𝜙𝑘 = 𝐸𝑥/𝐸𝑦 = 𝑓𝑀𝑂/𝑓𝑛𝑜𝑛−𝑀𝑂 where 𝑓𝑀𝑂 and 𝑓𝑛𝑜𝑛−𝑀𝑂 are functions related to the multipole 

components superposition. Its value also can be represented by 𝜙𝐾 = 휃𝐾 + 𝑖휀𝐾 where the real part 

and imaginary part corresponds to the Kerr rotation and Kerr ellipticity, respectively. As can be 

seen in Fig. 1, it is obtained that the MO field, which is proportional to 𝑓𝑀𝑂, differs by one order 

of magnitude as compared to the non-MO field since Bi:YIG has a large Voight parameter (𝑄 ≈
10−2) [5]. Furthermore, by varying the spheroid geometry, the magnitude of MOKE reaches a 

maximum value up to 1.21 radian with Kerr rotation 68.9° at 𝑏 = 3/2.  

 

It is seen that the variation of geometry from prolate spheroid (𝑏 > 1) to oblate spheroid (𝑏 < 1), 

each multipole components change in different way and may produce the perfect cancelation on 

non-MO backscattered field in certain spheroid form (in this case 𝑏 = 3/2). Furthermore, the better 

magnetic properties of Bi:YIG, produces the higher MO field response. These two reasons give us 

the much bigger the MOKE value that can overcome the MOKE limitation at nanoscale.  
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Figure 1. These plots show the MOKE parameter (first row), 𝑓𝑀𝑂 and 𝑓𝑛𝑜𝑛−𝑀𝑂 (second row), Non-MO and 

MO multipolar components (third and fourth row) for several variations of spheroid (𝑟𝑥 = 𝑟𝑦 = 𝑏𝑟𝑧). 
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INTRODUCTION 

 
Surface enhanced Raman spectroscopy (SERS) has been employed as powerful technique to enhance 

small Raman intensity from molecules [1,2]. However, commercial SERS substrate is not cheap [2,3]. 

Development of SERS substrate fabrication is still required until now. The development focus is to 

fabricate cheap and fast SERS substrate. It is well known that silver nanoparticles are able to increase 

Raman signal due to plasmonic effect [1,4]. Therefore, the purpose of this work is to develop simple 

growing procedure of silver nanoparticles on silicone substrate as SERS substrate. We employ the 

fabricate SERS substrate to enhance Raman signal of glucose.  

 

 

RESULTS AND DISCUSSIONS   

  
Growing silver nanoparticles on silicone substrate was done using single step microwave-assisted 

technique. A small silicone substrate was immersed in the mixture of silver nitrate, 

polyvinylpyrrolidone and ethylene glycol, followed by microwave irradiation. It took only 1 minute for 

microwave irradiation. Figure 1 shows SEM image of silver nanoparticles on silicone substrate. The 

silver nanoparticles were firmly deposited on silicone substrate, therefore, it is suitable for many types 

of liquid samples. Thus, the growing of silver nanoparticles on silicone substrate was successful. 

 

 

Figure 1. Silver nanoparticles on silicone substrate 

 

 

Silicone substrate with silver nanoparticles was then used as SERS substrate for glucose. The Raman 

measurement was conducted using excitation laser at 785 nm wavelength. As comparison, we also 
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measured Raman spectra of glucose on silicone substrate only. We found that Raman intensity of 

glucose on our SERS substrate was 3 until 10 times higher than that of glucose on silicone substrate 

only as shown in Figure 2. We focused on Raman spectra range from 600 – 1800 cm-1 Raman shift. 

 

 

Figure 2. Raman spectra of glucose with and without silver nanoparticles. 

 

As conclusion, we have successfully synthesized SERS substrate, which is silver nanoparticles in 

silicone substrate, using simple and fast microwave-assisted technique. The silver nanoparticles were 

firmly deposited on silicone substrate. We found that Raman intensity of glucose on our SERS substrate 

was higher than that of glucose on silicone substrate only. 
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INTRODUCTION 

 
A surface with the property of switchable transparent and reflective states is very important in the field 

of architecture, flat panel display, and spacecraft thermal control, to name a few[1]. Various attempts 

have been carried out to develop a system with such switchable property. In a system that employs 

electrochromism, a controlled voltage is applied to change the optical property of the system such that 

its transmittance/reflectance is altered over a specific electromagnetic spectrum [1-3]. Meanwhile, a 

mechanical attempt to control the transmittance/reflectance of a surface has also been accomplished by 

utilizing the flexibility of polyethylene terephthalate (PET) [4]. Another method suggests the use of 

tandem architecture of metasurface with transparent/reflective states that can be controlled by dropping 

liquid of high refractive index on top of the metasurface [5]. In this work, we envisage a novel route to 

achieve such switchability by means of varying the effective response of hollow dielectric cylindrical 

meta-lattice. 

 

RESULTS AND DISCUSSIONS   

  
In this study, the meta-lattice consists of very long dielectric hollow nanotubes having refractive 

index of 𝑛𝑡𝑢𝑏𝑒 = 3.6 and inner/outer radius ratio of 휂 = 0.55  arranged periodically parallel to each 

other such that the nanotube system forms a single-layer-metasurface. The interparticle spacing (ℎ) 
and the outer radius of each nanotube (𝑅) are set to be smaller than the wavelength (𝜆) of the 

incident TE plane wave that illuminate normal to the meta-lattice, hence the meta-lattice may be 

regarded as a flat surface.  

 

In Figure 1, we exhibit the transmittance spectra of the meta-lattice for two cases : (1) the hole of 

each nanotube is filled with air (𝑛ℎ𝑜𝑙𝑒 = 1) and (2) the holes are filled with liquid having refractive 

index of (𝑛ℎ𝑜𝑙𝑒 = 1.7). For either case it can be seen that the transmittance spectra vary non-

monotonously with the change of wavelength. For surfaces made of common materials the non-

monotonous transmittance spectra comes mainly from the dispersive optical property of the 

material. Here, for the meta-lattices, the non-monotonous behavior is mainly resulted from the 

variation of multipolar interference between the nanotubes [6].  

 

It is known that multipolar interference can be engineered by introducing a certain change to the 

optical or geometrical property of the nanotubes [7]. In Figure 1, it can be seen that around 𝜆 = 4𝑅 

the meta-lattice previously transparent when 𝑛ℎ𝑜𝑙𝑒 = 1 has turned reflective once liquid having 

refractive index of 1.7 fills the hole in the meta-lattices. This work has thus provided an evidence 

that the proposed system may serve as a novel switchable mirror which can be useful in many 

applications.   
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Figure 1. Transmittance spectra of the dielectric cylindrical meta-lattices. Around 𝜆 = 4𝑅 the property of 

the meta-lattice has been switched from transparent to reflective. The switching is obtained by filling the air 

hole in the nanotubes with a liquid having refractive index of 1.7.  
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INTRODUCTION 

 
Graphene has plasmon with unusual properties due to its strong light-matter interactions [1, 2]. The 

optical and electronic properties of a material are closely affected by the interactions of its atoms [3]. 

There are several approaches to change the electronics and optical properties of graphene, namely 

by electrostatic gating, adding an impurity or dopant into graphene structure. In this presentation, we 

investigate the effect of transition metal atom Ni and Zn substitution in graphene structure by 

performing electronic structure calculation based on the Density Functional Theory using Quantum 

Espresso package. The results show alternations in electronic properties, such as the shifting of Fermi 

energy and the charge distribution, and changes in optical properties, such as the appearance of new 

absorption peaks, absorption peaks shifting, and also plasmons frequency shifting. 

 

RESULTS AND DISCUSSIONS   

  
In this work, all calculations were conducted by using Density Functional Theory (DFT) 

implemented in the Quantum Espresso package [4]. The cutoff energy was set to be 525 eV. 

Each Ni and Zn dopants was substituted into a graphene 

supercell 4x4x1 (31 carbon atoms and 1 dopant atom) 

with a vacuum layer was added in the z-direction, in 

order to eliminate the interaction between the layers, 

and a K-point of 9x9x1 was used. Each doped graphene 

structure was optimized with the change of energy up to 

less than 10-8 Ry. The initial lattice constant of graphene 

was taken from an experimental report, that is, 1.42 Å 

[5]. Atomic relaxation was performed in both x and y 

directions. DOS and PDOS were calculated using a K-

point of 11x11x1 with Gaussian smearing of 0.1 eV. 

Band structure was calculated with 20  points along the 

high symmetry line of Γ-M-K-Γ in Irreducible Brillouin 

Zone (IBZ). Optical properties were calculated using 

ONCV Pseudopotential [6]
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Figure 1. Electronics structure and 

DOS of Ni-doped graphene. 
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Figure 1 depicts significant changes in the band structure and DOS of Ni-doped graphene compared 

to band structure and DOS of pristine graphene. The Fermi energy of the doped structure is shifted 

from its Dirac Cone point. Based on this study, the substitution of Ni and Zn atoms lead to the change 

in its Fermi energy level with respect to the valence band and Dirac Cone point. Therefore, these 

transition metal atom dopants may be called as the p-type dopant. These band structures look like 

induce a feature similar to a metallic material. 

 

Particularly, regarding their optical properties, 

the Ni-doped graphene exhibits a significant 

shifting in its plasmon frequencies, in 

comparison to that pristine graphene. An EELS 

spectrum represents the possibility of electron 

excitation that may occur that is indicated by 

the appearance of one peak or more in the 

spectrum. Based on Figure 2 it can be observed 

that after the addition of transition metal 

dopant, the plasmon frequency is shifted 

towards the higher energy that is located at the 

deep-UV to extreme-UV region.  
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INTRODUCTION 

 
Nanotechnological applications rely in their functionality on entities that require a quantum 

mechanical description in many cases. Usually, they are macroscopical in their spatial extent as they 

constitute devices that serve specific needs. The multi-scale modelling of such devices starts from a 

description of their basic constitutes and is a grand challenge for computational material science and 

photonics. Research along this direction is nevertheless rewarding, as multiple applications come in 

reach, e.g. detecting the circular dichroism of molecules [1,2] or providing materials with dispersion 

on demand [3]. Here, we present a multi-scale modelling approach for a broadband perfect absorber 

that relies on an architecture where a thin film comprising metallic clusters is placed above a metallic 

ground plate. A dielectric spacer in between has to be carefully chosen in its thickness to assure 

broadband functionality. Such broadband absorbers are applicable for converters of solar irradiation 

into heat that finds applications in catalysis, thermo-electrics, or solar steam generation.  

 

The perfect absorber that we consider consists of Au144 clusters, i.e., an atomically stable arrangement 

of 144 gold atoms. We use time-dependent density functional theory (TD-DFT) to describe their 

properties.  From these simulations, we extract the T-matrix that describes optically an individual 

Au144 cluster [4]. The T-matrix contains all information concerning the interaction of light with the 

cluster. In subsequent full-wave optical multi-scale simulations, we explain at first the scattering 

properties of a larger number of densely packed metallic clusters. Second, we describe the material 

made from such densely packed clusters at the level of an effective medium. Third, we use such a 

representation of the material in terms of a dielectric function to optimize the broadband perfect 

absorber. With that, we have been achieving our goal of a comprehensive multi-scale modelling of a 

complicated device that relies at its heart on a nanomaterial. 
 

RESULTS AND DISCUSSIONS   

The framework of our simulations is illustrated in Figure 1, along with selected results. Initially, 

we optimized the geometry of the Au144 cluster to calculate the frequency dependent electric 

polarizability using damped response theory. SiO2 was considered as a host matrix. Higher-order 

magnetic dipole moments, electro-magnetic coupling terms, or higher-order multipole moments 

could have been considered too. But this is not necessary for the pertinent clusters.  

Afterwards, the global T-matrix from a dense assembly of such clusters is calculated. As the 

diameter of an individual Au144 cluster is only 1.5 nm, many thereof can be packed into a small 

cube with a side length of 13.5 nm. Once this T-matrix of a dense arrangement is known, 

reflection and transmission from a slab of periodically arranged cubes of such dense arrangement 

of clusters can be calculated. Multiple stacks of an Au144 cluster thin-film layer in propagation 

direction are considered in this study. The effective permittivity of the Au144 thin-film layer is 

computed using the s-parameter retrieval (inset in Figure 1). The permittivity is characterized by 
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a resonance in an extended spectral region at optical wavelengths thanks to the excitation of a 

localized plasmon polariton in the individual metallic cluster. 

 
Figure 1. The illustrative scheme of multi-scale modelling. 

 

Finally, we investigate a multilayer thin-film system consisting of a layer made from the Au144 

clusters in the SiO2 matrix along with a SiO2 dielectric spacer on top of a gold mirror. Using a 

thin film transfer matrix technique, the thickness of the spacer and the layer containing the 

metallic clusters can be optimized to maximize absorption across an extended spectral range. 

Parametric studies of the device are possible, too, e.g. to study the influence of the package 

density or the material for either mirror or spacer. These details can be flexibly considered thanks 

to the efficient simulation of the optical response with a thin-film transfer matrix method. 

Nevertheless, at its heart, we have been considering a rather precise description of the metallic 

clusters. 

 

The contribution demonstrates prototypical how a multi-scale modelling framework in the 

context of simulating optical materials, systems, and devices can nowadays be designed. While 

demonstrated for the specific example of a broadband optical absorber, other applications and 

scenarios are easily imaginable. 

Keywords: multi-scale modelling, nanotechnology, T-matrix method, thin-film. 
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INTRODUCTION 

The asymmetric lineshapes of Fano resonances enable many different applications that requires a 

very sharp spectra response [1][2][3]. In this work, we investigate Fano profile of a metasurfaces 

consist of crescent-based structure made of sillicon on silica substrate, as shown in Figure 3.  

 
Figure 3. Illustration of our crescent-based metasurface made of sillicon on silica substrate, 

arranged periodically in hexagonal (a) and square lattice (b), with lattice constant for each lattice 

𝒂 = 𝟑𝟎𝟎 𝐧𝐦, radius of the second cylinder 𝒓𝟐 = 𝟎. 𝟓𝒓𝟏 and the height of the cylinder 𝒕 =
𝟐𝟎𝟎 𝐧𝐦. (a) Hexagonal lattice with radius of the first cylinder 𝒓𝟏𝒂 = 𝟗𝒂/𝟑𝟎 and 𝒓𝟏𝒃 = 𝟕𝒂/𝟑𝟎, 

(b) Square lattice with radius of the first cylinder 𝒓𝟏𝒄 = 𝟏𝟏𝒂/𝟑𝟎, and (c) its cross-section. 

 

RESULTS AND DISCUSSIONS   

  
In this work, we focus on the effect of variation of parameter 𝛿 as shown in Figure 1 to the 

spectral response sharpness. Emphasis will be put on Fano response due to its sharper spectral 

profile, which is characterized by gradient of the spectra response. We arrange our crescent 

structure periodically in square and hexagonal lattice to compare the sharpness of the produced Fano 

profile, as shown in Figure 4. Furthermore, we vary 𝛿 to find 𝛿 value with the sharpest Fano 

profile, as shown in Figure 5. These results are obtained using commercially available finite-

element simulation software. 
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Figure 4. Fano profile for a) hexagonal lattice with 𝜹 = 𝒓𝟏𝒂 and b) square lattice with 𝜹 = 𝟎. 𝟒𝒓𝟏𝒄. 

 
Figure 5. Gradient of the spectra response for each configuration shown by the top-left inset and 

the Fano profile shown by the bottom-right inset. a) First hexagonal lattice and the Fano profile 

at 𝜹 = 𝒓𝟏𝒂, b) second hexagonal lattice and the Fano profile at 𝜹 = 𝒓𝟏𝒃, and c) square lattice and 

the Fano profile at 𝜹 = 𝟎. 𝟒𝒓𝟏𝒄. 
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INTRODUCTION 
Metallic nanostructure with its localized surface plasmon resonances (LSPRs) properties is an ideal 

platform for refractive index sensing applications [1]. It is well-known that the LSPRs based 

refractive index sensing performance of the metallic nanostructures depend sensitively on the metal 

type and their geometrical structure [2,3]. Among the various structure, the tubular nanostructure is 

now become interesting, because it has open ended surfaces which potentially applied as a 

microreactor [4]. Using the microfluidic and nanofluidic technique, this microreactor could be filled 

by the chemical substance to produce a chemical reaction in nanoscale. This nanoscale chemical 

reaction could be investigated by the changing of the dielectric properties of material inside the 

tubular structure. Experimentally, this type of nanostructure was successfully fabricated [5] and this 

vertically array gold nanotube could be used as a high performance refractive index sensor. In order 

to improve the sensing performance of the nanotube, we propose in this study a modified tubular 

nanostructure by adding a core concentrically inside the shell where the analyte is located in the 

space between metallic core and shell. This tubular nanostructure is illuminated by TE-polarized 

light as shown in Figure 1.  

 

 
Figure 1. Schematic description of the core–shell bimetallic nanotube and the TE-wave scattering    

               configuration 

 

RESULTS AND DISCUSSIONS   

By using the standard theory of light scattering by an infinitely long multilayer circular cylinder [6], 

it is found that the absorption efficiency (𝑄𝑎𝑏𝑠) spectra of a bimetallic core-shell nanotube exhibits 

three resonance peaks correspond to the dipole (D), quadrupole (Q) and sextupole (S). As the 

refractive index of the analyte increased from 𝑛2 = 1.33 to 𝑛2 = 1.45, these resonance peaks are 

linearly redshifted as shown in Figure 2. Further, using the definition of sensitivity as the slope of 

the resonance peaks variation with respect to the change of the refractive index, one founds that the 

sensitivity of the dipole, quadrupole and sextupole modes are 664.6 nm/RIU, 300.0 nm/RIU and 

179.1 nm/RIU, respectively. 
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Figure 2.  (a) The spectral profiles of absorption efficiency for a bimetallic core-shell nanotube in vacuum 

with  𝑅1 = 50 nm, 𝑅2 = 75 nm and 𝑅3 = 125 nm calculated for 휀2 = 1.33–1.45. (b) Linear dependence 

of resonances wavelength to the analyte refractive index for the dipole, quadrupole and sextupole 

modes. 

 

By varying the metal type and the geometrical parameters, the optical properties of the nanotube 

could be optimized for improving the sensing performance.  

 

Keywords: plasmon resonance, nanotube, multilayer, core-shell, sensing, light scattering. 
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INTRODUCTION 
Scattering of cylindrical structure provides plenty of interesting phenomena. Unfortunately, most of 

the previous works treated the light scattering by cylindrical particles in special cases such as the in-

plane TE (Transverse Electric) polarization or the in-plane TM (Transverse Magnetic) polarization 

[1,2,3,4]. This work is dedicated to probing the scattering properties of TEM polarized waves at 

oblique incident angle. The TEM polarization is connected to the TE and TM polarizations through 

a degree of polarization (DOP),Ψ, whereby Ψ = 0° and Ψ = 90°, respectively, indicate TE and TM 

polarizations. It will be shown that variation of DOP will result in beam steering phenomenon. 

 

RESULTS AND DISCUSSIONS   
The system under study consists of a very long cylinder aligned along the z axis with radius 𝑅 =
50 nm and permittivity 휀 = 16 [5] , illuminated by an incident plane wave with wavelength 𝜆 =
595 nm.  The angular intensity distributions of the scattered waves on the 𝑥-𝑦 plane are firstly 

examined to see the effect of DOP.  
 

It can be shown that the scattered waves can be decomposed into the TE and TM polarizations. 

The two different polarizations in the scattered waves originate from the multipole contributions 

of the 𝑧-directed scattered electric and magnetic fields coefficients. 

 
 

Figure 1. Angular intensity distributions of the scattered waves at incident angle 휃 = 30° and various  

DOP: (a) Ψ = 90°, (b) Ψ = 60°, and (c) Ψ = 10°. The 𝑥-axis is in a direction of φ = 0° and the 𝑦-axis 

lies along the direction of φ = 90°. The unit of the scattered waves is in W/m2.  

Figure 1 shows the scattered waves angular intensity distributions on the 𝑥-𝑦 plane for various 

DOP. The deflection of the maximum TM scattered waves direction is due to the dipole moments 

interference which differs in strength for different DOP (Ψ). Thus, beam steering phenomenon 

can be controlled by tuning the degree of polarization. 
 

Aside from determining the scattered wave intensity, it should be noted that incident angle also 

determines the deflection angle of the scattered waves. We found that incident angle of 휃 =
10.5° yields the optimum sensitivity of deflection angle variation due to DOP change. Sensitivity 

is a quantity to measure how slightly or greatly the azimuthal angle will shift if the degree of 
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polarization varies. This reflects the robustness of polarization configuration. Figure 2 explains 

the optimum sensitivity of the scattered waves is 1.5591 when incident angle 휃 = 10.5°. Note at 

the linearity of the deflection phenomenon with respect to DOP, this is very promising for many 

beam steering applications. 

 
 

Figure 2. Azimuthal angles at maximum scattered waves on variation of DOP at incident angle 휃 = 10.5°. 

 

We have shown that beam steering of TM component of the scattered waves can be achieved by 

varying the DOP of the incoming TEM waves at oblique incidence.  

 

Keywords: beam steering, scattering, sensitivity, TEM polarization. 

 

Acknowledgment 

This work is supported by the PDUPT 2021 grant from the Ministry of Research, Technology and 

Higher Education (contract no. 2/E1/KP.PTNBH/2021). 

References 

[1]. W. Liu, A. E. Miroshnichenko, R. F. Oulton, D. N. Neshev, O. Hess and Y. S. Kivshar, Scattering 

of core-shell nanowires with the interference of electric and magnetic resonances, 2013 Opt. Lett. 

38(14) 2621–2624. 

[2]. W. Liu, J. Zhang, B. Lei, H. Hu and A. E. Miroshnichenko, Invisible nanowires with interfering 

electric and toroidal dipoles, 2015 Opt. Lett. 40(10) 2293–2296. 

[3]. A. Mirzaei, I. V. Shadrivov, A. E. Miroshnichenko and Y. S. Kivshar, Cloaking and enhanced 

scattering of core-shell plasmonic nanowires, 2013 Opt. Exp. 21(9) 10454–10459. 

[4]. A. Mirzaei, I. V. Shadrivov, A. E. Miroshnichenko and Y. S. Kivshar, Superabsorption of light 

by multilayer nanowires, 2015 Nanoscale 7(42) 17658–17663. 

[5]. S. D. Isro, A. A. Iskandar and M.-O. Tjia, Polarization property of light scattered on dielectric 

nanorods at oblique incident angle 2019 Jour. Nonlin. Opt. Phys. Mat.  28 1950041. 



ISMOA 2021 
13th International Symposium on Modern Optics and Its Applications 

Tangerang, Indonesia, 2-4 August 2021 
 

 

81 

 

PP06 

Stimulated Brillouin Scattering gain calculation for leaky acoustic 

modes 
 
R.N.S. Suryadharma*, R.A. Botter, Y. Klaver, P.J.M. van der Slot, and D. Marpaung  

Nonlinear Nanophotonics group, MESA+ Institute, University of Twente, the Netherlands.  

(E-mail: r.n.setyosuryadharma@utwente.nl, r.a.botter@utwente.nl, y.klaver@utwente.nl, 

p.j.m.vanderslot@utwente.nl, david.marpaung@utwente.nl) 

* Corresponding author 

 

INTRODUCTION 

 
The ability to calculate the Stimulated Brillouin Scattering (SBS) gain is of utmost importance for 

proper design and analysis of devices based on the SBS response. Typically, the gain is calculated 

using normalized guided acoustic and optical eigenmodes of the system [1], where the gain, 𝐺𝐵, can 

be expressed as: 

𝐺𝐵 =
2𝜔𝑄

𝛺2𝑣𝑔𝑝𝑣𝑔𝑠

|⟨𝒇|𝒖⟩|2

⟨𝑬𝒑|휀𝑬𝒑⟩⟨𝑬𝒔|휀𝑬𝒔⟩⟨𝒖|𝜌𝒖⟩
. 

 
Here 𝒖 is the acoustic eigenmode and 𝒇 is the associated optical forces. However, for cases where 

the acoustic mode is not guided, a proper normalization of the mode is hard to determine, and the 

fact that radiative modes usually form a nonorthogonal basis makes it difficult to calculate the SBS 

gain in this case. Here we calculate the acoustic response to the optical force created by the pump 

and Stokes waves and use this response to calculate the SBS gain, bypassing the need to determine 

the acoustic eigenmode of the system. Using this approach, the gain is instead expressed as: 

 

𝐺𝐵 =
𝜔

2Ω𝑃𝑠𝑃𝑝
𝑅𝑒{⟨𝒇|𝒗⟩}, 

 

Where 𝒗 is the acoustic wave velocity due to the existence of the optical forces. Since its no longer 

necessary to obtain the acoustic eigenmode, this method works for waveguides supporting both 

guided and radiative (i.e. leaky) acoustic modes. This method is then applied to calculate the SBS 

gain for various silicon nitride waveguide geometries, including the low-loss symmetric double-

stripe geometry (see figure 1). 

 

RESULTS AND DISCUSSIONS   

 
Figure 1(a) shows the optical intensity profile of a silicon nitride-based waveguide. Here, the 

optical waves is spatially confined. However, for the case of the acoustic response generated by 

the optical forces associated with this waveguide, the resulted acoustic field is not confined. This 

fact can be seen in Figure 1(b) This is due to the fact that acoustic waves propagates faster in 

silicon nitride than in silica, thus making the acoustic guiding impossible. However, such 

structure can still exhibit SBS response, as shown in Figure 1(c).  
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Figure 1. Cross section of the waveguide consisting of silicon nitride stripes with  a width of 900nm, 

height of 170nm and center-to-center separation of 500 nm in a silicon oxide cladding of height 16 μm 

(a) optical fundamental eigenmode at 1550nm (b) acoustic solution (in this case, absolute value of the 

displacement field) at 12.5 GHz and (c) SBS gain for the considered structure.  

 

In this work, we investigate the SBS response of a structure which consists of guided optical 

wave and radiative acoustic waves. This work provides a pathway to design and analyze the SBS 

response of low-loss waveguide, such as silicon nitride based, which might eventually paved a 

way for the application of SBS in such platform. 
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INTRODUCTION 
When we compare observed optical scattering characteristics of particles with the calculated 

analytical solutions, most of the time the calculated solutions take an assumption that the 

particles are spherical. In other words, the particle surface roughness is overlooked. In this work, 

we study the scattering characteristics of Chebyshev particles that resemble and might 

approximate particles with surface roughness. A Chebyshev particle is a sphere deformed by 

Chebyshev polynomials [1]. There are two parameters that affect the shape of Chebyshev 

particles, namely the waviness parameter (Chebyshev polynomial order) and the deformation 

parameter [2]. The degree of roughness can be approximated by adjusting these parameters.  

  

We analyze the effects of particle surface roughness on its optical characteristics, specifically 

the scattering and absorption cross-sections. To this end, we use the T-matrix methods or also 

known as Extended Boundary Condition Methods (EBCM) [3] to calculate the analytical 

solutions of particle optical characteristics. The computational costs of calculating the analytical 

T-matrix are reduced greatly since Chebyshev particles are spherically symmetric.  

 

RESULTS AND DISCUSSIONS   
For our analysis, we take a nanoparticle from silicon (𝑛 = 4, 𝜅 = 0.03) and calculate its 

scattering and absorption cross-sections as well as its single-scattering albedo while varying its 

size parameter and its Chebyshev polynomial order. As mentioned in the Introduction, we use 

the Chebyshev particles to simulate the surface roughness of a spherical nanoparticles using 

Chebyshev polynomials of orders 4, 10 and 30 and with surface roughness parameters 𝜉 = 0.03 

as shown in Fig. 1. 

 

 
Figure 1. Sphere and its deformation into Chebyshev particles to approximate surface roughness 

 

The scattering and absorption cross-sections are measures of scattered and absorbed power 

with respect to incoming wave intensity. As seen in Fig. 2a and 2b, both cross-section spectra 

of the Chebyshev particles, shows perceptible deviation as compared to spherical particle, 

more clearly seen in the insets, for large size parameter. It is easily understood that the 

surface area of Chebyshev particle and concavity of the surface area increases, hence in 

accordance, the absorption cross-section will increase. Further, this reflects in a decrease of 

the single scattering albedo, Fig. 2c. The single scattering albedo is a measure of how 

𝑠𝑝ℎ𝑒𝑟𝑒 𝑇4(0.03) 𝑇10(0.03) 𝑇30(0.03) 
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probable a photon interacting with the particle will be scattered rather than absorbed. With 

decreasing single scattering albedo, less probability of a photon being scattered. 
 

 
 

Figure 2. (a) Scattering, (b) absorption cross-sections, and (c) single-scattering albedo. 

 

To conclude, the deformation of spherical particle into Chebyshev particle to approximate 

surface roughness shows no perceptible deviation of scattering and absorption characteristics 

for small size parameter (≤ 4). However, the single scattering albedo shows a deviation from 

spherical particle for all range of size parameter. 

 

Keywords: scattering, T-matrix methods, surface roughness, Chebyshev particles. 
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INTRODUCTION 
 

This work considered a hybrid system consisted of a Metal Nano Particle (MNP) with optical 

response given by the permittivity 휀𝑚(𝜔), coupled to a 2-level Semiconductor Quantum-Dot 

(SQD) with electromagnetic response characterized by the permittivity 휀𝑠. The two are separated 

at center-to-center distance of 𝑑 and embedded in a homogeneous background medium of 휀𝑏. 

This composite system had been studied previously [1]. A constant electric field 𝑬0 illuminates 

the system as schematically shown in Figure 1 below. 

 

 
Figure 1. Schematic diagram of the MNP – SQD composite system considered. 

 

In the previous study [1], it has been formulated that the interaction between the constituents is 

a dipole-dipole interaction. The induced dipole moment of the SQD will produce a field that 

modify the field sensed by the metallic nano particle (MNP), 𝑬0 + 𝑬𝑆𝑀. As the MNP is treated 

in the quasistatic regime, it produced a field from its polarization that further modify the external 

field in the region, 𝑬0 + 𝑬𝑀𝑆. 
 

Two quantities of the 2-level system of the SQD’s density matrix are used to describe the 

dynamics of the system. Namely the real valued population difference of the exited (𝜌11) and 

ground states (𝜌00) of the SQD, 𝑍 = 𝜌11 − 𝜌00, and the complex amplitude, 𝑅, of the off-diagonal 

element of the density matrix, 𝜌10 = −(𝑖 2⁄ )𝑅 𝑒𝑥𝑝(−𝑖𝜔𝑡), 𝜔 is the frequency of the incoming 

electromagnetic wave. Due to the feedback interaction, the population difference parameter 𝑍 and 

the complex amplitude 𝑅 satisfy a system of nonlinear dynamical equations. 

 

RESULTS AND DISCUSSIONS 
 

It can be shown that the system of nonlinear dynamical equations possesses a solution space of 

stable solutions that are called the fixed points (휁, 휂). As the intensity of the illuminating laser is 

varied by changing the external electric field’s amplitude 𝐸0 given as Ω̃0, in combination with phase 

relaxation Γ, the fixed points of the population difference 𝑍 shows bistable response, as can be seen 

in Figure 2. The system has two bifurcation points [2], 휁12,𝑢𝑝 and 휁23,𝑑𝑜𝑤𝑛. Upon reaching the 

𝑑

𝑬𝑀𝑆

𝑬𝑆𝑀

휀𝑚(𝜔)

휀𝑠
휀𝑏
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SQD
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bifurcation point, the system’s stable solution jumps from one stable solution to another, representing 

a switching of on and off. 

 

 
 

Figure 2. Bistable behavior of the population difference of the SQD. 

 

We can show that this switching behavior is induced when the stable solution is perturbed by a small 

perturbation. Perturbing the degenerate stable solution (bifurcation point) 휁12,𝑢𝑝 leads a time 

evolution of the population difference of the SQD as depicted in Figure 3(a), exhibiting a switch ON 

process. Similarly, perturbing the point 휁23,𝑑𝑜𝑤𝑛 leads to a switch OFF process, Figure 3(b). 
 

 

Figure 3. Time evolution of the (a) switch ON and (b) switch OFF. 

A bistability phenomena is the key to switching process, hence control of the switching time is 

an important design information.  

Keywords: Bistability, MNP-SQD hybrid system, Switching Behaviour. 
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INTRODUCTION 
Microwave photonics (MWP) is a fast growing field where high frequency microwave signals are 

generated, processed and transmitted in the optical domain. Linearity is a key figure of merit in MWP 

system, which influences the fidelity of the signal. Recent researches indicate that by precisely 

tailoring the phase and/or the amplitude of the modulated optical spectrum, namely spectral shaping, 

intermodulation distortion terms, mainly third-order intermodulation distortion (IMD3) terms, can 

be suppressed, leading to an improved linearity [1,2]. In this paper, we proposed a parallel spectral 

shaping method for linearization, which is based on spatial separation of the radio frequency (RF) 

modulated optical spectra in a novel Si3N4 MWP spectral shaping chip [3]. The optical spectra are 

processed parallelly and recombined at a balanced photodetector (BPD) to improve the linearity. As 

the photonic integrated circuit (PIC) used in this linearization method shares the same building blocks 

with the advanced MWP functionalities [4], our results show the great potential of integrating 

advanced MWP functionalities and linearization in the same integrated platform, which will reduce 

the footprint and the complexity of linearized systems. 

 

RESULTS AND DISCUSSIONS 
Figure 1 illustrates the schematic of the proposed method. A reconfigurable Si3N4 chip which consists 

of a de-interleaver and two attenuators is used to manipulate the optical spectra. The phase modulated  

 

signal which consists of optical carrier and multi-order sidebands is first separated into two parts by 

the on-chip de-interleaver. One part contains the lower sidebands. The other part is composed of 

upper sidebands and optical carrier. Then, the upper sidebands and optical carrier are attenuated to 

make the IMD3 terms generated from the beating products in upper sidebands with carrier the same 

 

Figure 1. Schematic of 

linearization method. PM, phase 

modulator; PC, polarization 

control; EDFA, erbium-doped 

fiber amplifier; BPD, balanced 

photodetector; ESA, electronic 

spectrum analyzer. 

 
Figure 2. (a) Measured RF spectrum without linearization (b) with linearization (c) Measured SFDR.  

-72.6 dBm
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amplitude as the IMD3 terms from the lower sidebands. The attenuated upper sidebands with optical 

carrier and the lower sidebands are recombined at a BPD to suppress the IMD3 terms. 
 

Figure 2 (a) shows the RF spectrum retrieved from the upper sidebands with carrier. The 

measured fundamental-to-IMD3 ratio (FIR) is 42 dB. This state is the reference without 

linearization. When the separated optical spectra are sent to the BPD together and the attenuation 

is adjusted properly, the IMD3 is suppressed clearly, and FIR is improved to 63.2 dB, as depicted 

in Figure 2 (b). A power penalty at fundamental signal of 6.5 dB is observed in Figure 2 (b). To 

compensate this penalty, the output power of EDFA should be increased to keep the optical power 

sent to the BPD the same as reference state without linearization. Spurious-free dynamic range 

(SFDR) of the proposed linearized link is measured and compared with the link without linearization, 

as shown in Figure 2 (c). The SFDR of the link is improved from 100.6 dB ∙ Hz2/3 to 107.8 dB ∙
Hz2/3 with a noise floor of −160.6 dBm/Hz. An improvement of 7.2 dB is observed. 

 

To conclude, an on-chip linearization method based on integrated MWP spectral shaping 

technique is proposed and demonstrated. This method shows good FIR improvement from 42 dB 

to 63.2 dB, leading to an improved SFDR of 107.8 dB ∙ Hz2/3. The method demonstrated in this 

paper, opens the way to integrate the linearization and advanced MWP functionalities on the 

same PIC, which will lead to advanced integrated MWP systems with higher performance. 
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INTRODUCTION 

 
Photodetectors are an important element of light sensor and widely used in a variety of applications, 

such as, imaging, optical communication, optoelectronic integrated circuits [1], missile detection, 

fire alarm, and radiation monitoring [2]. Among the many types of photodetectors, such as GaN 

(UV), Si (UV), SiC (UVB) and AlGaN (UVA), zinc oxide (ZnO) is one of the main choices for 

producing high performance UV photodetectors due to wide band gap (3.37 eV), large binding 

energy (60 meV), low cost, ease of manufacture, non-toxic and abundant [3]. ZnO is often used as a 

UV photodetector in a variety of structural configurations including quantum dots, nanotetrapods, 

nanotubes, nanowire  and nanorods [4]. One-dimensional (1D) ZnO nanostructure arrangement plays 

an important role in photodetector performance because of its high surface to volume ratio, high 

optical gain, high response speed compared to the bulk form of ZnO [4]. However, ZnO-based 

photodetectors still have challenges in light absorption range, high bias voltage, and slow respon 

speed. To overcome this, metal oxide, organic material and transition metal dichalcogenides (TMD) 

are used in ZnO-based photodetectors [2].Two-dimensional layers of the transition metal 

dichalcogenides (2D TMDs) such as molybdenum disulfide (MoS2) and tungsten disulfide (WS2) 

attract much attention due to their potential applications in optoelectronics devices [5]. Smaller and 

tunable band gap from TMD  not only improve UV detection performance, but up to the visible and 

near-infrared (NIR) range [6]. In this regard, we report the use of monolayers MoS2 and WS2 that 

deposited on the surface ZnO nanorods. MoS2 and WS2 nanosheets are carried out using a simple 

and low-cost liquid exfoliation and spin-coat deposition method.  

 

RESULTS AND DISCUSSIONS   

  
The photoelectrical response of photodetector was observed using electrometer under 365, 505, 

and 625 nm laser diodes (Thorlabs) as UV and visible light sources. This study shows that the 

nanosheet monolayer MoS2 and WS2 which consists of 1-4 layers with a band gap of 2.23 eV 

and 2.12 eV have been successfully synthesized by using liquid exfoliation method for 8 hours 

as reflected in the TEM results, Raman spectroscopy and the absorbance spectrum of those 

solutions. Under bias +2 V (optical intensity = 0.2mW), responsivity of ZnO/WS2 and ZnO/MoS2 

shows the highest value under UV light irradiation 18.4 AW-1 and 17.3 AW-1, repectively. I-V 

tests demonstrate an enhanced dark current (7 µA) after added MoS2 and WS2 compared to that 

(3.3 µA) pure ZnO. The addition of nanosheet monolayer MoS2 and WS2 in ZnO nanorods appear 

do not affect to ZnO microstructure, widening the absorbance and emission spectrums in visible 

light regions. Nanohybrid ZnO/MoS2 and ZnO/WS2 were seen to be unsuitable for green light 

(505 nm) and UV light (365 nm) photodetectors due to an increase in dark currents which caused 

a decrease in sensitivity. The Nanohybrid ZnO/WS2 and ZnO/MoS2 show better performance for 

red light (625 nm) photodetector reflected in the increase in all parameters of responsivity, 

detectivity and sensitivity. Figure 1 shows the structure of the photodetector made in this work.  
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Figure 1. Schematic structure of ZnO/TMD based photodetector. 

 

The addition of MoS2 and WS2 were only suitable for the red light photodetector reflected in the 

increase in all parameters of responsivity, detectivity and sensitivity. Nanohybrid ZnO/MoS2 and 

ZnO/WS2 were seen to be unsuitable for green light and UV light photodetectors due to an 

increase in dark currents which caused a decrease in sensitivity. Pure ZnO nanorod show better 

performance for UV light (365 nm) photodetector. 
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INTRODUCTION 

Based on the data of World Health Organization in 2012, dental cavities are recently still considered 

as one of the diseases that are often as many as 60-90% experienced by children and adults. This 

problem can cause a variety of serious health problems that finally penetrate to the other organs of 

the body. One of the efforts to overcome the tooth cavities which effectively reduce the sense of pain 

is by dental fillings. The materials of dental fillings must have a specific endurance to various 

treatments, one of which is thermal changes. Thermal resistance is related to tooth sensitivity level. 

However, the greater the mismatch of thermal expansion coefficient, the greater the possibility of 

fluid percolation below the margin, which can cause caries (Spiller et al., 2011). Therefore, it is 

important to know the value of the thermal expansion coefficient on materials of dental fillings.  

RESULTS AND DISCUSSIONS 

This study aims to design a thermal time-based expansion coefficient sensor system using the 

interferometer which produces 6 Watts of power as a heater that is in accordance with the temperature 

of the oral cavity, which is 30°C to 60°C. The light source used was the He-Ne Laser with a 

wavelength of 632.8 nm. Hollow cylindrical samples with an outer diameter of 1.1 cm, a diameter 

of 1 cm, and a height of 1.5 cm were placed in the sample box behind one of the Michelson 

Interferometer mirrors. The interference pattern (fringes) formed was recorded using a webcam and 

counted using the principle of motion detection in the Delphi program. The temperature sensor used 

was LM 35 with LM 358 amplifier, the resulting output was in the form of a voltage converted to a 

temperature value with Arduino. Data were displayed on a PC with the Delphi interface. The Delphi 

program built has four functions; they are recording and counting fringes, displaying temperature, 

and calculating the thermal expansion coefficient of acrylic resin and nanofiller composite. The data 

generated in the study include heating time for 25.421 seconds to produce a temperature of 60°C, 

delay of (0.802 ± 0.006) second with the performance of the sensor 99.76%. By calculating the value 

of error percentage from the Graph 1. We get the software error is 1.82 which means the performance 

of the software is 98.18%. In three data collections, the average thermal expansion coefficient of 

resin acrylic was (111.37 ± 10.93) .10-6 /°C and had a percentage error of 23.74% of the literature, 

while composite nanofiller samples were obtained (49.6 ± 0.95) .10-6 /°C with an error percentage of 

6.9% for previous studies. 
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Figure 1. The graph of the relationship between friction and the number of fringes counting 

Keywords: Michelson Interferometer, real time, thermal expansion coefficient, resin acrylic, 

composite nanofiller. 
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INTRODUCTION 
 

Singlemode-Multimode-Singlemode (SMS) is one of the modified structures of optical fiber sensors 

and has been widely applied for many sensing applications, physical and chemical/bio sensor. It has 

several advantages including non-destructive, high sensitivity, easy fabrication and installation, 

immunity to electromagnetic interference, compact, and low cost of fabrication [1]. SMS is 

fabricated by axially splicing a multimode fiber between two identical singlemode fibers [2]. As a 

sensor, high sensitivity is a preferable characteristic. To increase its sensitivity, a tapered structure 

was introduced by reducing the diameter of the multimode fiber (MMF) section of SMS. The tapered 

structure on SMS fiber structure can be fabricated by mechanical method or chemical method [3-4]. 

The mechanical method was conducting by heating and pulling the fiber to obtain the taper waist. 

The thinner the taper waist, the longer taper region will be obtained by this method. Hence, the non-

adiabatic condition cannot be achieved by this method [5]. In the other hand, a very thin waist 

diameter can be obtained without lengthen the taper region with the chemical method. However, the 

effect of immersion time to the waist diameter has not been known yet. Therefore, it is important to 

investigate its effect on the waist diameter and the characteristic of the STMS. In this paper, the taper 

structure was made by immersing the MMF section of SMS in a hydrofluoric acid (HF) solution. 

The time of immersion is varied 5 minutes, 10 minutes, 15 minutes, and 20 minutes. The transmission 

spectrum of STMS was measured using a near infrared spectrometer by OTO-Photonics.  

 

RESULTS AND DISCUSSIONS  

 
Figure 1 shows the microscopic image of STMS fiber structure with the variation of immersion 

time. One can see that the diameter of the multimode fiber reduced as the longer immersion time 

while its length does not change. The optimum diameter can be obtained is 62.4 µm by 

immersing in HF solution for 15 minutes. The smallest diameter can be obtained after 20 minutes 

immersed in HF solution. However, the optical fiber reached its mechanical strength limit. 

Hence, it breaks after immersion time. Thus, it cannot be immersed more than 15 minutes. 

 

The transmission spectrum of STMS at the wavelength range of 1495 – 1565 nm is depicted in 

Figure 2. One can see, that before the etching, an interference phenomenon occurred in the SMS 

fiber structure, indicated by periodic peaks measured on its spectrum. Then by introducing taper 

structure on SMS fiber structure, the intensity of each wavelength peak decreased as the longer 

immersion time of etching. The smaller the diameter of taper waist on STMS, the filtering effect 

occurred. This result has a great agreement to the previous work [3]. From the experiment results, 

it can be concluded that the chemical etching method using HF solution for tapering the SMS 

fiber structure has a great potential as a simple method to achieve smaller radius without 

lengthening the multimode fiber and can be utilized for many sensing applications. 
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Figure 1. Microscopic image of STMS fiber with the varied time of immersion 

 

 

 
Figure 2. Transmission spectrum of STMS fiber structure 

Keywords: Singlemode-Multimode-Singlemode, Optical Fiber, Chemical Etching, Tapered 
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INTRODUCTION 

 
One of technologies in Industry 4.0 is the smarthome [1], in which smart devices embedded within 

home components or home appliances can be read or controlled through the internet. One of 

components of a smarthome is the smart window, which is a window that can be brighten or darken 

by command from the smarthome control circuit. In this work a sample of rectangular polymer-

dispersed liquid-crystal (PDLC) [2] sheet of 155 mm x 100 mm size purchased from an online shop 

was characterized under DC and AC driving voltage for its basic optical and electrical properties. 

Based on the results, an electronic driving circuit compatible for supply voltage of DC 5 V normally 

used in microcontroller system was designed and tested to drive the PDLC. The PDLC sheet and the 

driving circuit, were then combined with other sensors and actuators to form a miniature smarthome 

demonstration unit [3]. 

 

 

RESULTS AND DISCUSSIONS   

  
The transmittance of the PDLC sheet were measured using a 20W/12 V halogen lamp collimated 

using a lens as light source while driving the PDLC sheet using a variable DC and a variable 50 

Hz AC power supply and measure the transmitted light using Thorlabs PM100D optical power 

meter. The results in Figure 1 shows that the PDLC sheet has almost similar transmittance curve 

both for DC and AC excitation. The AC excitation voltage in this curve is in Vrms unit.  

 

 
Figure 1. Transmittance of the PDLC sheet under DC and AC excitation. 

 

-4.5

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

0 20 40 60

Tr
an

sm
it

an
ce

 (
d

B
)

Excitation Voltage (V)

DC Excitation

AC Excitation

mailto:henri.uranus@uph.edu


ISMOA 2021 
13th International Symposium on Modern Optics and Its Applications 

Tangerang, Indonesia, 2-4 August 2021 
 

 

96 

 

The results also show that the sheet has transmittance of 40% (-4 dB) when not being excited, 

and needs 23.95 V for 99% (-0.04 dB) of transmittance when drived by a DC source, but only 

need 18.63 Vrms when drived by a 50 Hz AC source for the same transmittance. 

 

While the basic optical characteristics are almost the same for DC and AC excitation, the 

electrical characteristics of the PDLC is very much different as shown in Figure 2. Again the AC 

excitation in the figure is in Vrms with frequency of 50 Hz. As the sheet has two parallel 

transparent electrodes, it exhibits a capacitive behaviour. The slope of the I-V curve reveals that 

the sheet has admittance of 0,0901 mS or impedance of 11.10 kOhm under 50 Hz excitation 

which is equivalent to capacitance of 0.2868 μF, leading to capacitance per unit area of 18.5 

μF/m2. 

 

 

 
Figure 2. Electrical characteristics of PDLC sheet under DC and AC excitation . 

 

 

For interfacing using microcontroller circuit, we designed a driving electronic circuit, which 

allows the sheet to be controlled through PWM (pulse width modulation) from an Arduino 

microcontroller board, hence the PDLC can be applied as a smartwindow which can be darken 

to transmittance of 48% and brighten to transmittance of 99% through a voice command from a 

smartphone. 

 

Keywords: polymer-dispersed liquid-crystal, smarthome, optical characteristics, electrical 

characteristics. 
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INTRODUCTION 

 
Impurity elemental analysis in the surface of material is very needed in some sectors including in 

many industries [1]. In semiconductor industry, analysis of heavy metal impurity during production 

process is a very important issue [2]. Contamination of trace metal elements in the materials 

obviously will change the properties of the conductivity. Thus, periodical analytical technique is 

really needed in the industries. 

 

In this work, we propose a unique sampling method utilizing a pulse transversely excited atmospheric 

CO2 laser induced breakdown spectroscopy for analysis of impurity on material surface in He 

surrounding gas. Using our newly developed technique, rapid identification of impurity element on 

material surface can be successfully carried out without causing any damage in the materials. The 

detection limit is found to be few parts per million (ppm) level, which is more than enough for 

industrial purposes. 

 

 

RESULTS AND DISCUSSIONS 
 

A particular phenomenon occurs when a pulse TEA CO2 laser is directed and bombarded on a 

material surface, especially on the metal sample. Namely, a high temperature and big-size luminous 

plume was initiated without any damage in the surface proved by the absence of the crater on the 

surface. Thus, the luminous plume is only consisting elements from the existing ambient gas and a 

weakly attached impurities on the metal surface as we have reported before [3]. In this work, impurity 

detection in a surface of material was undertaken. 
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Figure 1. Cr emission spectrum taken from the surface of Si wafer. 

 

 

Cr emission spectrum gained from the surface of silicon using vaporization technique is shown 

in Figure 1. The Si wafer is intentionally contaminated by Cr impurity at 4 ppm. Cr emission 

lines of Cr I 425.4 nm, Cr I 427.4 nm, and Cr I 428.9 nm are clearly detected with quiet high intensity. 

Those lines coming from the impurity accumulated in the surface of Si wafer. Furthermore, He II 

433.8 nm line is also clearly observed with a broaden emission lines, which is originated from the 

He surrounding gas used in this experiment. Using the vaporization technique, a high-sensitivity 

analysis of Cr impurity deposited on a surface of Si can be successfully carried out without damaging 

the Si surface itself.  

 

Keywords: impurity analysis, Cr heavy metal, TEA CO2 laser, laser induced plasma spectroscopy.  
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INTRODUCTION 

 
Self-absorption is one of the main factors that seriously affect the accuracy of laser-induced 

breakdown spectroscopy for quantitative analysis. The presence of this effect in plasma ruins a linear 

relationship between the spectral line and the elemental concentration. Besides, the effect also 

distorts the emission line profile. As a result, the estimation of plasma characteristics, such as plasma 

temperature and electron density, from the emission linewidth becomes inaccurate. A strong self-

absorption usually occurs for the resonance emission line of an element with a high concentration. 

In this extreme case, a dip, called self-reversal, appears at the centre of the emission line [1].  

Recently, several techniques such as atmospheric pressure control [2], microwave-assisted excitation 

[3], laser-stimulated absorption [4], and detection window selection [5] have been proposed to deal 

with the self-absorption problem in LIBS. In this study, we proposed parallel laser irradiation using 

a single pulse laser to reduce the self-absorption effect in LIBS. Under this condition, we successfully 

obtain the spectra of the resonance emission line at high K concentration (K I 766.4 nm and K I 769.9 

nm) that are practically free from self-reversal and less affected by self-absorption. This proposed 

approach provides an alternative simple route to reduce the self-absorption effect in ordinary single-

pulse LIBS. 

RESULTS AND DISCUSSIONS   
 

Initially, we irradiated the sample, in the form of a KCl pellet, using a single pulse Q-switch Nd:YAG 

laser directed perpendicular to the sample surface. The laser was focused exactly on the sample 

surface. Figure 1(a) shows the spectra of K (K I 764.4 nm and K I 769.9 nm) obtained from two 

different laser irradiation energies. The presence of self-reversal on each spectrum indicates that a 

strong self-absorption effect exists in the plasma. 

In the next experiment, to obtain the self-reversal free emission line, we focused the laser beam close 

to the sample surface, using a parallel configuration. In this setup, the laser beam does not interact 

with the target but generates the air breakdown plasma near the sample surface. The shockwave 

produced by this plasma hits the sample surface and ablates a small amount of the sample. When the 

ablated atoms from the sample enter the hot region of the air breakdown plasma, the atoms are 

excited. The presence of air breakdown plasma also creates a temporary vacuum environment near 

the sample surface. The region of this vacuum environment is relatively large because the air 

breakdown plasma extends along the focus cone of the laser beam. When the small amount of ablated 
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atoms from the target spreads into this volume, more homogenous plasma with low density was 

formed. As a result, the emission lines with negligible self-absorption can be obtained. Figure 1(b) 

shows the K I 766.4 nm and K I 769.9 nm emission lines obtained using parallel laser irradiation.  

 

 

Figure 1. Emission spectra of K I 766.4 nm and K I 769.9 nm from a pure KCl pellet obtained 

using (a) orthogonal irradiation and (b) parallel irradiation for laser energies of 54 and 70 mJ. 

 

We have introduced parallel laser irradiation as a simple method for suppressing the self-absorption 

effect in single-pulse LIBS in atmospheric pressure. By using this technique, a free SA resonance 

emission line of high K concentration can be achieved. This simple approach for reducing the self-

absorption effect is considered notably helpful in improving the analytical performance of ordinary 

single pulse atmospheric pressure LIBS. 

 

Keywords: self-absorption, laser-induced breakdown spectroscopy, parallel laser irradiation 
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INTRODUCTION 

 
Zinc Oxide (ZnO) nanoparticles have been intensively studied for many applications, such as 

chemical sensors, electroluminescence devices, solar cells, and photocatalysts. ZnO is a 

semiconductor that has a bandgap 3.2-3.37 eV and able to help effectively and efficiently in the 

photocatalysis process. However, the high energy gap resulted in ZnO make it just effectively used 

as a photocatalysis using UV light. The photocatalytic properties can be improved in many aspects, 

such as modifying the surface and applying metal/non-metal dopant [1]. ZnO nanoparticles 

synthesized by different methods exhibit different photocatalytic activity, several methods that can 

be used to synthesize nanocatalysts are sol-gel, flame spray, and hydrothermal methods. In this study, 

ZnO:GO, and ZnO:GO/Cu catalyst were prepared by sol-gel method with low temperature (150°C) 

crystallization process. Methylene Blue (3,2 ppm) was used to evaluate the photocatalytic properties.  

 

RESULTS AND DISCUSSIONS   

The Catalyst of ZnO:GO, and ZnO:GO/Cu powder were successfully synthesized by sol-gel method. 

The results showed that ZnO:GO, and ZnO:GO/Cu have a hexagonal morphology observed using 

HR-TEM which is shown in Figure 1.  

 

 
Figure 1. TEM Image on a 100 nm bar scale of (a) ZnO:GO, and (b) ZnO:GO/Cu. 

 

The XRD pattern are shown in Figure 2, all samples have a hexagonal wurtzite structure. The 

diffraction patterns corresponding to hkl (100), (002), (101), (102), (110), (103), (200), (112), (201), 

(004), (202) planes and match with JCPDS no. 36-1451.  
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Figure 2. XRD Pattern of  ZnO:GO, and ZnO:GO/Cu. 

   

Almost all MB was degraded during 180 minutes of irradiation as evidenced by the efficiency of 

catalysts shown 98,8% for pure ZnO, 99,58% for ZnO:GO and 95,39% for ZnO:GO/Cu. The addition 

of GO has increased the photocatalytic properties while the addition of Cu has decreased the 

photocatalytic properties. 

 

 
Figure 3.  Photocatalysis Results. (a) Methyl blue solution for 0, 30, 60, 90, 120, 150 and 180 minutes of 

irradiation time (b) Degradation of absorbance peaks during irradiation. 

 

Keywords: ZnO Photocatalyst, ZnO Nanocomposite, ZnO-GO, ZnO-Cu. 
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INTRODUCTION 

Counter electrode (CE) is one of the important components in dye-sensitized solar cells (DSSCs) that 

acts as the catalyst in the redox couple of iodide/tri-iodide electrolytes [1]. Platinum (Pt) is commonly 

used as counter-electrode but this material is quite expensive. Therefore, it is desirable to replace it 

with a low-cost material that has also high electrochemical stability and catalytic activity. Graphene 

is an attractive material due to its high specific surface area, high stability and electrical conductivity. 

Reduced graphene oxide (RGO) as low–cost graphene-like materials have received attention in 

various applications such as photovoltaic cells. Sarker et al. reported that even though the RGO 

electrode was prepared without the addition of any metal or metal composites, sophisticated 

photovoltaic performance and stability of its DSSC can still be achieved and it may thus potentially 

be used as a replacement of Pt [2]. However, RGO powder is slightly hard to be deposited onto a 

substrate. In this presentation, we reported the preparation of RGO/TiO2 composite on FTO substrate 

as a counter electrode and the evaluation of its DSSC performance.  

RESULTS AND DISCUSSIONS 

In this study, Cell A, B and C were fabricated with Titanium diisopropoxide bis (acetylacetonate) as 

blocking layer, TiO2 mesoporous/Z907 dye as photoanode, electrolyte (Mosalyte, Solaronix), and 

different counter electrodes (CE). Cell A, B, and C were prepared with a counter electrode of FTO/Pt, 

FTO-only, and FTO/RGO/TiO2 composite thin films, respectively.  
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 Tabel 1. J–V Characteristics 

Cell Jsc 

(mA/cm2) 

Voc 

(V) 

FF (%) PCE (%) 

A 7.4 0.68 49.6 2.5 

B - - - - 

C 7.0 0.65 50.7 2.3 

Figure 1. J-V curves 

The J–V characteristics of cells are shown in Figure 1. It was found that Cell A that uses Pt as a counter 

electrode showed a photocurrent density (Jsc) value of 7.4 mA/cm2, Fill Factor (FF) of 49.6%, and 

Power Conversion Efficiency (PCE) of 2.5% (Table 1). However, when the counter electrode was 

replaced with FTO only (Cell B), the diode characteristic was not observed. Meanwhile, when the 

counter electrode is RGO/TiO2 composite thin film (Cell C), as evident in Figure 1, its photovoltaic 

characteristic emerges with almost similar cell performance as Cell A (using Pt), where its Jsc = 7.0 

mA/cm2, FF = 50.7% and PCE = 2.3%. This indicates that RGO composite can be also a candidate for 

the replacement of Pt as a counter electrode. This RGO composite adheres much better to the FTO 

surface, while it has also a large surface area and forms micro-pores that may lead to good 

electrochemical redox of I3
-/I- electrolytes [2]. In addition, the presence of TiO2 in this RGO/TiO2 

composite may have an advantage from the presence of residual oxygen groups in RGO that interact 

with oxygen groups on TiO2. Although both TiO2 can be a trap state and can increase electron 

recombination, this effect seems negligible in this RGO/TiO2 counter electrode [3]. 

Keywords: Dye-sensitized solar cell, Reduced graphene oxide (RGO), Titanium dioxide, counter 

electrode, Pt-free. 
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INTRODUCTION 

 
Cesium lead halide (CsPbX3; X= Cl, Br, I) is all-inorganic perovskites that have potential applications 

as an active layer for optoelectronic and photonic applications working in the ultraviolet-blue light 

region. In this presentation, we report the synthesis of CsPbCl3 and CsPbBr3 nanocrystals (NC) by 

Ligand-assisted reprecipitation (LARP) and investigate the effect of anti-solvent and ligands on their 

photoluminescence characteristics. In the LARP method, the precursor solutions, such as CsCl and 

PbCl2, are mixed to produce CsPbCl3 nanocrystals where the ligand is used to control the formation of 

NCs. [1] However, different from other preparation of nanocrystal materials, for these kinds of 

perovskite materials, the process also needs antisolvent, such as chlorobenzene, ethyl acetate, and 

toluene, which play an important role to initiate fast crystallization and precipitation of perovskite 

nanocrystals.  

 

RESULTS AND DISCUSSIONS   

 
CsPbCl3 NC was synthesized from CsCl and PbCl2 by the LARP method at room temperature in 

dimethyl sulfoxide (DMSO) solvent. CsPbBr3 NC was also synthesized by a similar method from CsBr 

and PbBr2. Figure 1 shows the transmission electron microscope (TEM) image of the resulted CsPbCl3 

nanoparticles. The XRD patterns of those nanoparticles (not shown here) indicates that their crystal 

structures are cubic with space group Pm-3m (221). Their lattice constants are 5.61 Å for CsPbCl3 

and 5.83 Å for CsPbBr3. These results are almost the same as other reports, namely 5.60 Å for 

CsPbCl3 (with hot injection method) [2] and 5.84 Å for CsPbBr3 (with the mechanochemical 

method) [3]. 

 

   
(a)      (b) 

Figure 1. (a) Transmission electron microscope (TEM) image of CsPbCl3 (b) The crystal structure of CsPbCl3  

 

Figure 2 shows the photoluminescence (PL) of CsPbCl3 and CsPbBr3 synthesized by using different 

anti-solvent (i.e. chloroform, toluene, and tetrahydrofuran (THF)) and different ligand (i.e. linoleic acid 
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(LA) and oleic acid (OA)). The PL peak of CsPbCl3 NC emerges at around 435 – 437 nm, whereas 

for CsPbBr3 NC at around 516 – 526 nm. CsPbCl3 NC exhibits a much weaker PL intensity and much 

broader PL band in comparison to CsPbCl3 NC. It seems that the PL characteristics of the resulted NC 

are also determined by the combination between the anti-solvent and ligand used in the synthesis. While 

chloroform is the best anti-solvent for CsPbCl3 but not for CsPbBr3. Toluene is the best anti-solvent for 

CsPbBr3. Among the ligands used here, LA is the best ligand for both CsPbCl3 and CsPbBr3. Regarding 

the PL characteristics observed in those NC, PL spectra of CsPbCl3 NC more looks like an absorption 

tail shape, which may suggest that the PL is originated from an excited state that is strongly coupled to 

molecular vibrations. On the other hand, PL spectra of CsPbBr3 show a sharp narrow PL band. The PL 

peak of CsPbBr3 is corresponding to a photon energy of 2.4 eV. The bandgap energy of CsPbBr3 has 

been reported to be about 2.2 – 2.3 eV [4]. The observed PL in CsPbBr3 may then be associated with 

luminescence from exciton or its 2-dimensional structure. The present experimental results then show 

the importance of choosing an appropriate combination between ligand and antisolvents in the 

formation of these perovskite NCs. In addition, weak luminescence in CsPbCl3 may indicate strong 

non-radiative recombination to the ground state due to strong molecular vibration or phonon coupling. 

On the other hand, strong luminescence in CsPbCl3 may be originated from excitonic states, which is 

possibly from 2-dimensional structures formed on its NC surface. 

 

       
  

 

 

 

 

(a)     (b) 

   
 (c)      (d) 
Figure 2. PL spectra of CsPbCl3 and CsPbBr3 NC with various antisolvent and ligand used in their 

preparation: (a) CsPbCl3 with OA ligand (b) CsPbCl3 with LA ligand (c) CsPbBr3 with OA ligand (d) 

CsPbBr3 with LA ligand. 

 

Keywords: CsPbCl3, CsPbBr3, nanocrystals, perovskite materials, LARP method. 
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INTRODUCTION 
 

Looking at United Nation Sustainable Development Goals (UNSDGs), a few work on turning plant 

waste into valuable application is logically achievable. In 2016, Wang et al demonstrated a 

supercapacitor from a waste coffee grounds [1]. By using a spent coffee grounds, excellent storage 

capacity and good cycling stability for battery has successful developed [2]. With a similar concept of 

developing supercapacitor and battery, a waste coffee ground was turned into saturable absorber (SA) 

and successfully generates a Q-switched fiber lasers at 1-micron, 1.55-micron, and 2-micron regions 

[3]. Derives carbon from a plant waste is a major contribution to turn plant waste into SA device for 

pulsed fiber lasers generation. Similar to graphene characteristics, the derived carbon has a zero 

bandgap size which allows broad wavelength operation. In this project, we demonstrate a Q-switched 

fiber laser at 1.55-micron region by using an organic prune leaves (OPL) as passive SA device. This 

OPL is from a brinjal leaves that collected from a local farmer in Melaka, Malaysia. After undergo a 

synthesis process, the OPL is successfully turn into OPL film for SA application. A piece of OPL film 

was integrated into the Erbium-doped fiber laser (EDFL) ring cavity.  

 

RESULTS AND DISCUSSIONS   

 

The important of Q-switched fiber laser performances is shown in Figure 1. The key of pulsing is 

originally come from a passive SA device. The SA device was fabricated from raw leaves powder 

embedded with polyvinyl alcohol to form an OPL film. Figure 1(a) shows the real image of OPL film 

with a thickness of 50 mm, before peel off from petri dish.  Then, the obtained OPL film was inserted 

in between two fiber ferules of EDFL cavity. In this work, Q-switching operation starts at 87 mW pump 

power. Further increase the pump power beyond 134 mW may eliminated the Q-switching operation 

mode. As the pump power increase, pulse train shows the repetition rate increases from 87 kHz to 105 

kHz and the pulse width narrows from 11.70 µs to 9.46 µs. The stability of pulse train is confirmed via 

1st harmonic frequency obtained from RF spectrum as shown in Figure 1(b). Insert graph of Figure 1(b) 
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depicts the 1st harmonic frequency has a signal-to-noise ratio (SNR) of 57 dB at threshold pump of 87 

mW. Low saturable loss of OPL film and high efficient of EDFL may contributes to stable pulse 

generation in fiber laser cavity. Under 90 minutes’ spectral observation, Figure 1(c) shows the output 

spectrum of Q-switching operation laser obtainable at 1531 nm ± 0.2 nm is stable and has a consistent 

peak wavelength.  

 
(a) 

 

 
(b) 

 
(c) 

Figure 1. (a) OPL film in petri dish. (b) RF spectrum with a 1000 kHz span. Insert is enlarged image of 1 st 

harmonic frequency. (c) Output spectrum of Q-switched EDFL. 

 

Keywords: Q-switching operation, Fiber Laser, Organic Saturable Absorber. 

 

Acknowledgment 

The authors would like to acknowledge Universiti Teknikal Malaysia Melaka for the support. 

References 

[1] Wang, Chen-Hao, et al. 2016 Advanced Power Technology 27 1387. 

[2] Gao, Guoliang, et al. 2018 Carbon Resources Conversion 1 104. 

[3] Rusdi, Muhammad Farid Mohd, et al. 2021 Optical Fiber Technology 61 102434. 

  



ISMOA 2021 
13th International Symposium on Modern Optics and Its Applications 

Tangerang, Indonesia, 2-4 August 2021 
 

 

109 

 

PP20 

Detection of Porcine Gelatin Based on Surface Plasmon Resonance (SPR) In 

Kretschmann Configuration with Thin Film System of Gold (Au)/ Magnetic 

Nanoparticle (Fe3O4) 

 
Muhammad Agung Satrio*1, Asih Melati1,2 and Widayanti1 

 1UIN Sunan Kalijaga Yogyakarta, Indonesia. 

  (E-mail: agungsatrio.official@gmail.com, asih.melati@uin-suka.ac.id, widayanti@uin-suka.ac.id) 

 2INSA CVL, France. 

*Corresponding author 

 

INTRODUCTION 

Detection of porcine-derived gelatin was successfully carried out based on Surface Plasmon Resonance 

to assist halal research in Physics Laboratory of Sunan Kalijaga Yogyakarta. The configuration of this 

system is Kretschmann configuration where the prepping occurs between prism/ gold (Au)/ Magnetic 

Nanoparticle (Fe3O4)/ porcine gelatin [1].  

 

The research used BK7 prism with 1.51 refractive index value [2]. Gold is an extremely inert precious 

metal and will not oxidize the presence of normal environmental conditions, has great effect on SPR 

phenomenon in Kretschmann configuration [3]. Magnetic Nanoparticle (Fe3O4) which is increase the 

sensitivity of Surface Plasmon Resonance due to the high degree of dispersibility and biocompatibility 

properties [4]. Based on literature, He-Ne laser with 632.8 nm wavelength was used for the light source 

on the research.  

 

RESULTS AND DISCUSSIONS 

 

Gold (Au) thin film was deposited on the prism surface by 0.8 ± 0.1 mg while Magnetic Nanoparticle 

(Fe3O4) were deposited on top of Au with a concentration of 11 mg/ml. The outer layer was porcine 

gelatin with a concentration of 25%. The Surface Plasmon Resonance angle formed on the Attenuated 

Total Reflectance curve. In the prism/ gold (Au), the resonance angle is obtained (45.3º ± 0.05º, r = 

0.294), then in the prism/ gold (Au)/ Magnetic Nanoparticle (Fe3O4) configuration the resonance angle 

is obtained (45.9º ± 0.05º, r = 0.262) shifted as far as 0.6 ° and in the prism/ gold (Au)/ Magnetic 

Nanoparticle (Fe3O4)/ porcine gelatin configuration the resonance angle (46.1 ° ± 0.05 °, r = 0.723) 

respectively was shifted as far as 0.2°. 

Figure 6. ATR curve of prism/ gold (Au)/ Magnetic Nanoparticle (Fe3O4)/ porcine gelatin systems. 
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The research data has been confirmed using numerical calculations based on Matlab and Origin95 

software. Regarding on the research data, the shift in the Surface Plasmon Resonance angle on the 

Attenuated Total Reflectance curve to the right proves that the SPR instruments could be used to detect 

porcine gelatin. 

 

Keywords: Surface Plasmon Resonance, Halal Research, Kretschmann, Magnetic Nanoparticle, 

Porcine-Derived Gelatin, Attenuated Total Reflectance, 
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