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PREFACE

The 7" Academic Conference on Natural Sciences for Young Scientists,
Masters and PhD. Students from ASEAN countries (CASEAN-7) has been
successfully held both online and offline on 14-17 October 2021, for a while the
Covid situation in Vietnam and neighboring countries is complicated.
The CASEAN-7 takes place at two locations, in Ha Noi and Vinh City, Nghe An
Province, Vietnam.

The main purpose of the Conference is to provide a good opportunity for
young scientists, Master and PhD. students, coming from universities and institutes
in ASEAN countries to develop regional exchange activities, mutual understanding
and cooperation as well as stimulate scientific training and education.

There were about 200 participants in different fields of natural sciences and
from Cambodia, Laos, Malaysia, Myanmar, Philippines, Thailand, and Vietnam.
More than 120 scientific reports were presented at the conference. Furthermore,
some senior scientists and professors (from China, India, Japan, South Korea, New
Zealand,...) were invited to give their talks. The Conference created favorable
conditions for all participants to establish new cooperative linkages and also
strengthen our friendship.

The CASEAN-7 Proceedings book has published the papers which were
presented in the conference and selected by the editorial committee with a standard
referee procedure.

We have to say that the success of the CASEAN-7 Conference was resulted
from active contributions of all the conference committees, the session chairmen
and the participants.

On this occasion, we express our deep thanks to the ASEAN Co-Organizers
and Co-Sponsors. Specially, we sincerely thanks to International Centre of Physics
(ICP), Institute of Physics (IOP), Vietham Academy of Science and Technology
(VAST) and Vinh University for all its wonderful cooperation and great
contribution to CASEAN-7.

We would like to thank the conference secretariat and technicians for their
dedication and hard works./.

CASEAN-7 Co-Chairmen
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Abstract. We punctuate the ability to improve the dispersion characteristics of silica-based
photonic crystal fibers (PCFs) with three types as circular, hexagonal, and square lattice with
a new design in which the filling factor (di/4) of the first ring near the core is controlled
differently from the others. When the lattice constant (A) varies from 0.7 to 1.5 um, both all-
normal and anomalous dispersion is achieved depending on di/4. The all-normal dispersions
are found for PCFs with small lattice constants of 0.7 and 0.8 um, the increase of 4 makes
the anomalous dispersion more dominant in the investigated wavelength region. PCF with
hexagonal structure owns all-normal dispersion which is flatter and closer to zero than
others. Based on analysis of numerical simulation results, we have proposed structures with
optimal dispersion characteristics and pump wavelength that is suitable for supercontinuum
generation application.

Keywords: Photonic crystal fibers (PCFs), All-normal dispersion, Anomalous dispersion,
Optimal dispersion characteristics.

I. INTRODUCTION

Photonic-crystal fiber (PCF) is a class of optical fiber-based on the properties of
photonic crystals which has attracted the attention of many researchers over the past
decades due to outstanding properties in light propagation compared to conventional
optical fibers [1-4]. Its cladding consists of air holes as minuscule channels in a certain
regular ordering that run through the whole length of the PCF. Propagation of light in PCF
is governed by two principles namely total internal reflection in which refractive index
(RI) of the core is higher as compared to RI of cladding while in photonic bandgap
cladding RI is higher than that of core [5]. Numerous research and investigation of PCF
suggest that the characteristics and guiding properties of the PCF can be flexibly adjusted
by changing its geometrical configuration such as the shape and size of the core, cladding,
air-holes, substrate material, or infiltration of liquid. Diversity in characteristics of PCFs
makes it possible for people to find its application in wider domains like sensors
fabrication, polarization sustaining devices, and biomedical fields of applications [6-9],
supercontinuum generation [10-15]. Control of dispersion in PCFs has been an interesting
challenge because it plays an important role in determining the spectral expansion
efficiency of supercontinuum. To get desirable dispersion property, the dimension
variables such as lattice constant (/) and diameter (d) of air-holes are tailored flexibly. In
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this way, the dispersion properties like flatness, dispersion slopes, zero-dispersion
wavelength (ZDW) can be easily controlled [16]. Recently, various unique geometries
structures of the PCF have been introduced such as triangular, circular, rectangular, square,
elliptical, and hexagonal lattice [10-12,14,17-20]. Through the adjustment of the lattice
parameters 4 and d, the dispersion characteristics of these structures have significant
improvements include the flat dispersion, flat and near-zero dispersion, all-normal or
anomalous dispersion, the shift of ZDW towards the longer wavelength. However,
determining which structure gives the most optimal dispersion has not been mentioned by
the researchers. Furthermore, the difference in the air-holes diameter of the rings in the
cladding also strongly governs the dispersion properties of PCF [21].

In this paper, we present a new structural design of PCFs in which the difference in
air-holes diameters between the first ring and the other rings in the cladding is emphasized
to improve dispersion characteristics, one of the important factors of PCFs for SC
application. Additionally, a comparison of dispersion characteristics has been made among
circular, square, and hexagonal-lattice PCFs to find the structure giving the most optimal
dispersion. The obtained all-normal and anomalous dispersions strongly depend on the
variation of the lattice constant 4 and the filling factor di/4 and the all-normal dispersions
are achieved for PCFs with small lattice constants of 0.7 and 0.8 um.

II. NUMERICAL MODELLING OF PCFs

Air
Fused silica
a) b) c)

Fig. 1. The cross-section of silica-based PCFs with different lattices
a) CL, b) SL, and c) HL.

The cross-sectional view of the designed silica-based PCFs has been presented in
Fig. 1. The PCFs used in our study are circular (CL), square (SL), and hexagonal-lattice
(HL) with eight rings of air-holes of a diameter d, the lattice constant 4, and the linear
filling factor d/A is in the photonic cladding. This way of designing creates a large
difference in refractive index between the core and the cladding causes the light to be
strongly confined in the core. We pay attention to the dissimilarity in the diameters of the
air-holes in the first ring near the core and the other rings, as this has a strong effect on the
characteristic quantities of the fibers. In which, the flatness, all-normal or anomalous
properties of dispersions even the shift of ZDW are dominated mainly by the size of the
first ring, while the other rings are responsible for the mode attenuation [21]. So we design
the first ring with the di/4 changing from 0.3 to 0.8 respectively with a step of 0.05, where
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d1 is the diameter of the air holes of the first ring. The values of A are 0.7 um, 0.8 pum, 1.0
um, and 1.5 pm. The filling factor d2/4 = 0.95 of the second and subsequent rings is kept a
constant.

In this paper, the finite difference eigenmode method is used to design and calculate
the dispersion curve over a wavelength range of 0.5-2.0 um. The total dispersion (D) is a
function of wavelength which depends on the effective indices of propagating mode and
can be computed as follows [22]:

_ad (Re[n,])
e dA?

here Re[nesr] stands for the real part of the effective indices obtained from simulations and
c 1s the velocity of light in a vacuum.

III. SIMULATION RESULTS AND ANALYS

The dispersion properties of fiber demonstrate a dominant role in the propagation of
short optical pulses that help expand the spectrum in SC generation. The dispersion curves
corresponding to the effect of variation of 4 and di/4 on fibers are exposed from Fig. 2 to
Fig. 5. For the three structures, the shape of the dispersion curves is quite similar but the
change of D with wavelength is diverse, the all-normal and anomalous dispersion with one
or two ZDWs have been achieved in the studied wavelength region. Furthermore, the
variation of the filling factor di/4 and lattice constant A significantly dominates the
dispersion characteristic of fibers and causes the ZDW to shift towards longer
wavelengths. For small cores (4 = 0.7 um and 0.8 um), the all-normal and anomalous
dispersion with one or two ZDWs are found, and D tends to get smaller values as the
filling factor rises, that means there are many parabolic dispersion curves in the narrow
wavelength region. Fig. 2a (4 = 0.7 pum) shows that, for the circular lattice structure, only
fiber with di/4 = 0.3 has the anomalous dispersion with one ZDW, when the filling factor
increases the all-normal dispersion curves appears (di/4 = 0.45-0.75), but PCFs with d1/4
is greater than 0.75 exhibits the anomalous dispersion with two ZDWs. While we get the
all-normal dispersions in the range of 0.5-0.7 of di/4, and PCFs own the anomalous
dispersion with one ZDW when di/4 < 0.4 for the square lattice (Fig. 2b). The PCFs with
hexagonal lattice structures operate in all-normal dispersion regions with the filling factor
equals 0.45; 0.5; and 0.55; no anomalous dispersion with one ZDW is detected in this case.
In particular, the fiber with di/4 = 0.45, possesses very flatness dispersion and is close to
the zero-dispersion curve (Fig.2c). When the lattice constant has a value of 0.8, the number
of all-normal dispersions curves reduces for each lattice type. The circular lattice has four
all-normal dispersion curves corresponding to 0.45-0.6 of the filling factor, while the
square one shows only two structures with all-normal dispersions for di/4 = 0.5 and 0.55.
In contrast, no all-normal dispersion curves are received in the hexagonal lattice (Fig. 3).
Therefore, we can conclude that dispersion features can be controlled more effectively in
smaller core PCFs because of their strong light confinement ability.
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Fig. 2. The dispersion properties of PCFs with various di/A and A = 0.7 um
fora) CL, b) SL, and c) HL.
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Fig. 4. The dispersion properties of PCFs with various di/A and A = 1.0 um
fora) CL, b) SL, and c) HL.
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Fig. 5. The dispersion properties of PCFs with various di/A and A = 1.5 um
fora) CL, b) SL, and c) HL.

Obviously, the structure parameter A also strongly influences the properties of
dispersion, a huge change in the nature of the dispersion profile has been observed with a
larger lattice constant. As A is lifted, the all-normal dispersion does not appear anymore,
the fibers exhibit anomalous dispersion with one and two ZDWs (4 = 1.0 pm). When
A = 1.5 pm, the anomalous dispersion with one ZDW completely dominates in the
surveyed wavelength range for SL and HL structures (Fig. 4 and Fig. 5).

The difference between the size of the air-holes in the rings of the cladding, the
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geometrical structure, and the variation of the lattice structure parameters like our design
are the important keys affecting the ability to confine light in the core, i.e. the value of
effective indices that plays a major role in tuning the dispersion parameter. The flat, all-
normal, and near-zero dispersion of fiber are the determining factors for the generation of
an ultra-broadband SC. Because, the SC generation with all-normal dispersion PCF makes
output pulses coherent, single, expansive, and flat when the fiber is pumped at the
wavelength closest to that of the maximum dispersion or the flat dispersion point.
Therefore, the three proposed structures satisfy the above features to analyze and compare
their suitability in SC generation applications. Based on the numerical simulation results,
we introduce three PCFs corresponding to CL, SL, and HL with 4 = 0.8 um, di/4 = 0.6
(CL), 4 =0.8 pm, di/4 =0.55 (SL), and 4 = 0.7 um, di/4 = 0.45 (HL), they are named #F1,
#F> and #F3, respectively. Their structural parameters are indicated in Table 1.

Table 1. The structure parameters of proposed PCFs.

# Type A (um) dvA Core diameter (nm)
#F, CL 0.8 0.6 1.120
#F> SL 0.8 0.55 1.160
#F3 HL 0.7 0.45 1.085

Fig. 6 evinces the all-normal dispersion characteristics of the proposed PCFs.
Clearly, the dispersion curve (#F3) of the hexagonal structure is flattest and closest to the
horizontal axis, its flatness stretches from 0.9 to 1.3 um, which is very valuable for SC.
Fiber #F> has a lower dispersion curve and #F; shows an almost parabolic dispersion curve
with maximum dispersion at 0.8 um wavelength. The central wavelength of the laser pump
source of these fibers is selected to be 0.8, 0.85, and 1.03 pm respectively.

251 T T T T T T T T T T T T T
0
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250 S S (N S S S SR S N SR R
05506 07 08 09 1.0 1.1 1.2 13 14 15 16 17 1.8 19 20
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Fig. 6. The dispersion properties of proposed PCFs.

The value of dispersion calculated at the pump wavelength is quoted in Table 2.
Among them, the dispersion value of #F3 fiber with hexagonal lattice is the smallest
because of the closest to the zero-dispersion line, its value is -3.809 ps.nm™ .km™ at the
pump wavelength of 1.03 um. While the dispersion values at the pump wavelength of #F;
and #F, fibers are -19.407 ps.nm™' km™! and -16.294 ps.nm™ . km™, respectively.
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Table 2. The value of dispersion calculated at the pump wavelength of the proposed PCFs.

# Type The pump wavelength (nm) D (ps.(nm.km)™?)
#F| CL 0.80 -19.407
#F, SL 0.85 -16.294
#F3 HL 1.03 -3.809

IV. CONCLUSIONS

The dispersion characteristics of silica-based PCFs with three types such as circular,
hexagonal, and square lattice with a new design have been evaluated and compared. The
difference in the geometric structure of fibers makes the dispersion properties diverse, and
the flexibility in controlling the dispersion parameters is fully achieved by the variation of
the filling factor of the first ring near the core and the lattice constant. Although hexagonal
lattice owns less all-normal dispersion curves than others they are very flat and near zero,
which is very beneficial for SC generation. Among three fibers with optimal dispersion,
the PCF with hexagonal structure gives the smallest value -3,809 ps.nm™km™ of
dispersion at the pump wavelength of 1.03 um in comparison with the other two structures.
Our simulation results are valuable for fabricating optical fibers as an SC generation source
with a wide, flat, and smooth spectrum.

ACKNOWLEDGEMENTS. This research is funded by Vietnam National Foundation for
Science and Technology Development (NAFOSTED) under grant number 103.03-2020.03
and Vietnam’s Ministry of Education and Training (B2021-DHH-08).

REFERENCES

[1] John M. Dudley, Goéry Genty, and Stéphane Coen, Supercontinuum generation in photonic
crystal fiber, Rev. Mod. Phys., 2006, 78, 1135.

[2] Stuart D. Jackson, Towards high-power mid-infrared emission from a fibre laser, Nat. Photo.,
2012, 6, 423-431.

[3] R. R. Alfano, The ultimate white light, Sci. 4m., 2006, 295, 86-93.

[4] J. Broeng, D. Mogilevstev, S. E. Barkou, and A. Bjarklev, Photonic crystal fibers: A new class
of optical waveguides, Opt. Fiber Technol., 1999, 5, 305-330.

[5] Anurag Upadhyay, Shivam Singh, Y. K.Prajapati, Rajeev Tripathi, Numerical analysis of large
negative dispersion and highly birefringent photonic crystal fiber, Optik, 2020, 218, 164997.

[6] J. Park, S. Lee, S. Kim, K. Oh, Enhancement of chemical sensing capability in a photonic
crystal fiber with a hollow high index ring defect at the center, Opt. Express, 2011, 19, 1921-
1929.

[7] Ahmmed A. Rifat, Kawsar Ahmed, Sayed Asaduzzaman, Bikash Kumar Paul, and Rajib
Ahmed, Development of Photonic Crystal Fiber Based Gas/Chemical Sensors, Computational
Photonic Sensors, Springer International Publishing AG 2018,

[8] Abinash Panda, Pushpa Devi Pukhrambam, Photonic crystal biosensor for refractive index
based cancerous cell detection, Opt. Fiber Tech., 2020, 54, 102123.

[9] Sumaiya Akhtar Mitu, Dipak Kumar Dey, Kawsar Ahmed, Bikash Kumar Paul, Yanhua Luo,

322 ISBN: 978-604-357-003-8


https://www.nature.com/articles/nphoton.2012.149#auth-Stuart_D_-Jackson
https://www.nature.com/nphoton

The 7™ Academic Conference on Natural Science for Young Scientists, Master and PhD.
Students from ASEAN Countries, 14-17 October 2021, Ha Noi & Vinh City, Vietnam

R. Zakaria, and Vigneswaran Dhasarathan, Fe;O4 nanofluid injected photonic crystal fiber for
magnetic field sensing applications, J. of Mag. and Mag. Mater., 2020, 494, 165831.

[10] Lanh Chu Van, Van Thuy Hoang, Van Cao Long, Krzysztof Borzycki, Khoa Dinh Xuan, Vu
Tran Quoc, Marek Trippenbach, Ryszard Buczynski, and Jacek Pniewski, Optimization of
optical properties of photonic crystal fibers infiltrated with chloroform for supercontinuum
generation, Laser Phys., 2019, 29, 075107.

[11] Khoa Dinh Xuan, Lanh Chu Van, Van Cao Long, Quang Ho Dinh, Luu Van Xuan, Marek
Trippenbach, and Ryszard Buczynski, Dispersion characteristics of a suspended-core optical
fiber infiltrated with water, Appl. Opt., 2017, 56, 1012-1019.

[12] Lanh Chu Van, Alicja Anuszkiewicz, Aliaksandr Ramaniuk, Rafal Kasztelanic, Khoa Dinh
Xuan, Van Cao Long, Marek Trippenbach, and Ryszard Buczyfski, Supercontinuum
generation in photonic crystal fibres with core filled with toluene, J. Opt., 2017, 19, 125604.

[13] Van Thuy Hoang, Rafal Kasztelanic, Alicja Anuszkiewicz, Grzegorz Stepniewski, Adam
Filipkowski, Slawomir Ertman, Dariusz Pysz, Tomasz Wolinski, Khoa Dinh Xuan, Mariusz
Klimczak, and Ryszard Buczynski, All-normal dispersion supercontinuum generation in
photonic crystal fibers with large hollow cores infiltrated with toluene, Opt. Mast. Express,
2018, 8, 3568-3582.

[14] Lanh Chu Van, Van Thuy Hoang, Van Cao Long, Krzysztof Borzycki, Dinh Xuan Khoa, Vu
Tran Quoc, Marek Trippenbach, Ryszard Buczynski, and Jacek Pniewski, Supercontinuum
generation in photonic crystal fibers infiltrated with nitrobenzene, Laser Phys., 2020, 30,
035105.

[15] Ho Quang Quy, and Chu Van Lanh, Spectrum broadening of supercontinuum generation by
fill styrene in core of photonic crystal fibers, Indian Journal of Pure & Applied Physics
(IJPAP), 2021, 59, 522-527.

[16] Pranaw Kumar, Vikash Kumar, and Jibendu Sekhar Roya, Design of quad core photonic
crystal fibers with flattened zero dispersion, AEU - International Journal of Electronics and
Communications, 2019, 98, 265-272.

[17] P. Morin, B. Kibler, J. Fatome, C. Finot, and G. Millot, Group birefringence cancellation in
highly birefringent photonic crystal fibre at telecommunication wavelengths, Electron. Lett.,
2010, 46, 525-526.

[18] D. Lu, X. Zhang, M. Chang, A. Kamagara, and S. Zhuang, Single-polarization single-mode
photonic crystal fibers with rectangular-lattice and elliptical-hole arranged perpendicular to
each other, Optik, 2003, 124, 3026-3028.

[19] P. R. Chaudhuri, V. Paulose, C. Zhao, and C. Lu, Near-elliptic core polarization-maintaining
photonic crystal fiber: Modeling birefringence characteristics and realization, /EEE Photon.
Technol. Lett., 2004, 16, 1301-1303.

[20] M. S. Islam, J. Sultana, Md. Faisal, Md.R. Islam, A. Dinovister, B.W.H. Ng, D. Abbott, A
modified hexagonal photonic crystal fiber for terahertz applications, Opt. Mater., 2018, 79,
336-339.

[21] K. Saitoh, M. Koshiba, T. Hasegawa and E. Sasaoka, Chromatic dispersion control in photonic
crystal fibers: application to ultra-flattened dispersion, Opt. Express, 2003, 11, 843-852.

[22] R. Buczynski, Photonic crystal fibers, Acta Physica Polonica Series A, 2004, 106, 141-168.

ISBN: 978-604-357-003-8 323


https://www.researchgate.net/profile/Marek-Trippenbach
https://www.researchgate.net/profile/Ryszard-Buczynski
https://www.researchgate.net/profile/Jacek-Pniewski
http://op.niscair.res.in/index.php/IJPAP/article/view/23590
http://op.niscair.res.in/index.php/IJPAP/article/view/23590
https://hekyll.services.adelaide.edu.au/dspace/browse?type=author&value=Abbott%2C+D.

