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1. INTRODUCTION

ABSTRACT

This paper presents a comprehensive study of the optical
properties of a hybrid metal-dielectric double gyroid (DG)
structure, emphasizing its polarization-dependent
characteristics and anomalous dispersion phenomena.
Utilizing finite-difference time-domain (FDTD) simulations,
we investigate the band structure, circular dichroism (CD)
indices, and coupling indices of the hybrid DG to explore the
existence of polarization-specific band gaps and complete
band gaps. Our findings demonstrate that the hybrid DG
exhibits distinct right-handed circularly polarized (RCP) and
left-handed circularly polarized (LCP) band gaps, which can
be finely tuned by adjusting the dielectric refractive index and
the volume fraction of the structure. The study also reveals
high coupling indices for specific modes, indicating efficient
light-matter interaction, which is crucial for the development
of advanced photonic devices such as sensors and optical
filters. Furthermore, we analyze the anomalous dispersion
properties of the hybrid DG, including negative refraction,
which opens possibilities for innovative applications like
superlenses and cloaking devices. These results highlight the
versatility and potential of hybrid metal-dielectric gyroids for
next-generation photonic applications, offering tunable and
customizable optical properties that can be tailored to meet the
demands of various technological domains. The insights
gained from this research provide a deeper understanding of
gyroid-based materials and pave the way for their practical
implementation in sophisticated optical systems.

structure, first described by Alan Schoen in

The gyroid structure, a fascinating three-
dimensional chiral formation, has attracted
considerable attention due to its potential
applications in photonic crystals and meta-
materials (Da et al. 2022). This intricate

1970, is characterized by its unique minimal
surface geometry, which minimizes the surface
area for a given boundary, creating a complex
network of continuous surfaces that separate
space into two interwoven but non-intersecting
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regions. The periodic and chiral nature of the
gyroid leads to distinctive optical properties,
such as photonic band gaps and circular
polarization-dependent characteristics, making
it an attractive subject for research in photonics
(Liu et al., 2022).

The gyroid structures have been observed
in various natural systems, including the wing
scales of butterflies and the skeletal structures
of certain radiolarians (Marigo, Maurel, Pham,
2023). These natural occurrences highlight the
gyroid's ability to manipulate light in
remarkable ways, which has inspired scientists
to explore its potential for artificial photonic
applications (Zanotto et al. 2022). Photonic
crystals, which are materials that can control
the propagation of light, benefit significantly
from the gyroid's periodic structure, enabling
the creation of materials with complete
photonic band gaps that prohibit the
propagation of light within certain frequency
ranges (Higuera, Miralbes, Ranz, 2022).

Despite the significant progress made in
studying gyroid structures, several key
limitations remain in the existing literature.
First, many studies have focused on gyroid
structures composed of a single material, either
metallic or dielectric, limiting the tunability of
their optical properties. These works, while
foundational, do not fully explore the potential
of hybrid metal-dielectric configurations,
which can offer enhanced control over
polarization-dependent ~ phenomena and
broader photonic band gaps. Additionally, most
prior research has been heavily reliant on
theoretical models and numerical simulations,
with little experimental validation. The absence
of experimental data raises concerns about the
practical applicability of these models in real-
world photonic devices. Furthermore, the
impact of varying material properties such as
dielectric refractive index and volume fraction
has not been extensively studied in hybrid
gyroid structures, leaving a gap in

understanding how these parameters influence
complex phenomena like negative refraction
and anomalous dispersion. By addressing these
gaps, this paper aims to provide a more
comprehensive analysis of hybrid gyroid
structures and offer experimental insights to
support theoretical predictions.

Previous studies have focused primarily on
gyroid structures composed of a single material,
either dielectric or metallic. Dielectric gyroids,
for instance, have been shown to exhibit
complete photonic band gaps when the
refractive index contrast and volume fraction
are appropriately tuned (Holmes et al. 2022).
These structures are useful in applications such
as optical filters, waveguides, and sensors due
to their ability to control light propagation with
minimal losses. On the other hand, metallic
gyroids have been explored for their plasmonic
properties, where the metal's free electrons
interact with light to produce surface plasmon
modes (Lu et al. 2022). These modes can
confine light to very small dimensions,
significantly enhancing light-matter
interactions and enabling applications in areas
like sensing, imaging, and nano-optics
(Teawdeswan and Dong, 2024). The potential
of hybrid metal/dielectric double gyroid
structures remains underexplored. A hybrid
gyroid combines the properties of both metals
and dielectrics, potentially leading to novel
optical phenomena that neither material could
achieve alone. Metals offer high reflectivity and
plasmonic behavior, while dielectrics provide
low-loss propagation and wide band gaps. The
interplay between these materials in a gyroid
structure could result in enhanced optical
properties, such as tailored polarization
responses and tunable band gaps, making
hybrid gyroids promising candidates for
advanced photonic applications. (An et al.,
2023)

In this paper, we investigate the
polarization-dependent characteristics of a
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hybrid metal/dielectric double gyroid using the
finite-difference time-domain (FDTD) method.
This numerical approach allows us to model the
complex interactions between electromagnetic
waves and the gyroid structure with high
precision. We focus on calculating the band
structure, circular dichroism (CD) indices, and
coupling indices to explore the existence and
behavior of polarization band gaps and
complete band gaps in the hybrid system (An et
al., 2023). The CD index provides insight into
the circular polarization properties of the
modes, indicating whether they are right-
handed or left-handed circularly polarized,
while the coupling index measures the degree
of interaction between incident plane waves
and the Bloch modes within the gyroid (Yang
et al., 2020).

We examine how the optical properties of
the hybrid gyroid evolve with different material
fractions, providing a comprehensive analysis
of how variations in the volume fraction and
refractive index of the dielectric component
affect the band gaps (Chouhan, Bala Murali,
2024). By mapping the gap frequencies as
functions of these parameters, we can identify
trends and design principles for optimizing the
hybrid  gyroid's  optical  performance.
Furthermore, we explore the anomalous
dispersion characteristics of the hybrid gyroid,
such as negative refraction, which occurs when
the refracted light beam bends in the opposite
direction to what is normally expected. This
phenomenon is investigated through equi-
frequency contour (EFC) analysis and
simulations of Gaussian beam propagation,
demonstrating the potential for unconventional
light manipulation in hybrid gyroid structures
(Chernow et al., 2021). The results of this study
offer valuable insights into the optical behavior
of hybrid metal/dielectric double gyroids,
paving the way for their application in next-
generation photonic devices (Wallat et al.,
2022). By combining the advantageous

properties of metals and dielectrics in a single
structure, hybrid gyroids could enable the
development of highly efficient, tunable, and
versatile photonic systems for a wide range of
technological applications (Serra, Silveirinha,
2023).

2. PRINCIPLE
2.1 Theoretical Framework

The theoretical framework establishes the
foundation for understanding the hybrid DG

structure,  guiding the  computational
simulations and providing a basis for
interpreting the results.

Gyroid  structure and  mathematical

representation: The level surface of the gyroid
structure, which is a triply periodic minimal
surface, can be mathematically modeled using
the following equation:

sin(hx) cos(hy) + sin(hy) cos(hz) + sin(hz) cos(hx) = ¢
: : 2m
In this equation: h — =%,

where a is the unit cell length, representing
the repeating periodicity of the gyroid structure
across three spatial dimensions.

t is a parameter that controls the volume
fraction of the gyroid network. This parameter
defines how much of the total space is occupied
by the gyroid surface, with higher values of t
corresponding to a higher volume fraction

Equation (1) describes the level surface of
the gyroid, which forms a continuous, non-
intersecting, and symmetric network. This
surface divides the space into two distinct,
interpenetrating regions, which can be filled
with different materials in hybrid structures,
such as metal and dielectric in the present study.
The gyroid’s unique topology defined by its
periodic and chiral nature plays a key role in
determining its interaction with
electromagnetic waves. The gyroid structure
exhibits specific optical characteristics, such as
photonic band gaps and polarization-dependent
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behavior, due to the precise arrangement of its
surfaces in three dimensions.

The periodicity, controlled by the unit cell
length a, and the chirality of the gyroid ensure
that it interacts with light in a way that is highly
dependent on both the wavelength of the light
and its polarization. The gyroid's topology
supports various optical phenomena, including
selective filtering of light, negative refraction,
and strong confinement of electromagnetic
waves. The parameters in Equation (1) provide
a tunable framework for adjusting these optical
properties, as varying ¢ or a alters the surface
topology and, by extension, the photonic band
gaps and other optical behaviors of the
structure. Thus, Equation (1) is central to the
study of the gyroid’s optical properties in
hybrid metal-dielectric structures, as it
mathematically defines the surface geometry
that determines the gyroid’s interaction with
light

Hybrid metal-dielectric composition: The
hybrid DG structure consists of two intertwined
single gyroids (SGs), one metallic and one
dielectric. The metallic SG is a perfect
conductor, while the diclectric SG's refractive
index varies. This combination leverages the
high reflectivity and plasmonic behavior of
metals with the low-loss and wide bandgap
properties of dielectrics, creating a hybrid

structure with potentially novel optical
characteristics.
Finite-difference time-domain (FDTD)

method: The Finite-Difference Time-Domain
(FDTD) method is a powerful numerical
technique used to solve Maxwell’s equations
over discrete points in space and time.
Maxwell’s equations, which govern the
behavior of electric and magnetic fields, are the
foundation of electromagnetism and provide
the mathematical framework for simulating
wave propagation in materials. In particular,
FDTD solves these equations on a grid by

discretizing both the spatial and temporal
components.

Maxwell's equations consist of four key
equations: Gauss’s law for electricity, Gauss’s
law for magnetism, Faraday’s law of induction,
and Ampere’s law with Maxwell’s correction.
These equations describe the generation of
electric fields from charges, the absence of
magnetic monopoles, how time-varying
magnetic fields induce electric fields, and how
electric currents and changing electric fields
generate magnetic fields. The FDTD method
discretizes these differential equations to
calculate the evolving electric (E) and magnetic
(B) fields at each point in space and each time
step.

2.2 Analytical insights

Band  structure analysis: The band
structure analysis determines the allowed and
forbidden frequency ranges for electromagnetic
wave propagation in the hybrid DG. Using the
FDTD method, we calculate the
eigenfrequencies and eigenmodes for various
wave vectors within the first Brillouin zone,
revealing the following:

Polarization band gaps: The hybrid DG
exhibits distinct band gaps for right-handed
circularly polarized (RCP) and left-handed
circularly polarized (LCP) modes. The size and
location of these band gaps depend on the
dielectric refractive index and the volume
fraction of the gyroid structure, indicating
tunable optical properties.

Circular dichroism (CD) and coupling
indices: The CD and coupling indices provide
insights into the polarization-dependent
behavior of the gyroid modes:

e Circular dichroism (CD) Index: The CD
index measures the difference in absorption of
RCP and LCP light. A high CD index indicates
strong circular polarization dependence, crucial
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for applications that

polarization states.

require  specific

e Coupling index: The coupling index
quantifies the interaction between an incident
plane wave and the gyroid modes. High
coupling indices indicate efficient coupling of
light into the gyroid structure, essential for
effective light manipulation.

Anomalous  dispersion and negative
The hybrid DG also exhibits

dispersion properties,

refraction:
anomalous such as
negative refraction, which are analyzed through
equi-frequency contour (EFC) analysis and

beam propagation simulations:

Equi-frequency contour (EFC) analysis:
EFC analysis visualizes the dispersion
characteristics at specific frequencies, showing
the loci of wave vectors with constant
frequency. This helps determine the direction of
group velocity and the potential for negative
refraction.

Negative refraction: Simulations of
Gaussian beam propagation demonstrate
negative refraction within the hybrid DG slab,
where the refracted wave vector bends opposite
to the expected direction. This phenomenon is
for

indicative of the gyroid's potential

unconventional light manipulation

Figure. 1 (a) The perspective view of a unit cell
of metal/ dielectric DG with volume fraction =
20%. (b) The first Brillouin zone of DG
(Chernow et al. 2021).

3. RESULTS

e The band structure of the hybrid DG is
shown in Figure 2(a), which presents the
distribution of modes and their polarization
characteristics. The colors of the points
represent the circular dichroism (CD) index,
where right-handed circularly polarized (RCP)
modes are indicated in red, and left-handed
circularly polarized (LCP) modes are in blue.
The size of each point represents the coupling
index, illustrating the strength of interaction
between the incident light and the gyroid
modes.

e In this representative band structure,
distinct band gaps for both RCP and LCP
modes can be identified. These polarization-
specific band gaps demonstrate the gyroid's
capability to selectively filter light based on its
polarization state, a property essential for
advanced photonic applications such as
polarization-sensitive sensors and filters.
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Figure 2: Band Structure and Gap Analysis of
the Hybrid Metal-Dielectric Double Gyroid
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Figure 2(b) reveals the gap frequencies of
the hybrid DG when the dielectric refractive
indices vary from 1.5 to 3.5. As the dielectric
index increases, the LCP band gap broadens,
indicating enhanced confinement of LCP
modes within the band gap. On the other hand,
the RCP band gap is initially wide at a refractive
index of 1.5 but gradually narrows as the
refractive index increases. The RCP gap
disappears at a refractive index of 2.5 and
reappears at higher indices. Additionally, a
second RCP band gap emerges at higher
frequencies when the refractive index is 2.5,
which broadens as the refractive index
continues to rise.
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Figure 2(c) illustrates the relationship
between the gap position and volume fraction
(¢). The LCP and RCP gaps exhibit similar
trends to those in Figure 2(a). However, when
the volume fraction is below 4.1%, the RCP gap
shifts to lower frequencies (red-shifts) as the
volume fraction decreases. These results
highlight the significant influence of the
refractive index and volume fraction on the
optical properties of the hybrid DG, allowing
for precise tuning of photonic band gaps based
on design requirements.

Anomalous
Refraction

Dispersion and Negative

The hybrid DG structure also exhibits
anomalous dispersion, as demonstrated by the
equi frequency contour (EFC) analysis.
According to electromagnetic theory, the group
velocity of light is determined by the gradient
of the dispersion surface, which represents the
orientation of the Poynting vector. In addition
to the polarization-dependent band gaps, the
hybrid DG structure also exhibits anomalous
dispersion, including negative refraction. An
equi-frequency contour (EFC) analysis was
conducted at a normalized frequency of 0.71 to
investigate this phenomenon. The results are
shown in Figure 3(a).
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Figure 3: Anomalous Dispersion and Negative
Refraction in the Hybrid DG

Figure 3(a) shows the EFC analysis at a
normalized frequency of 0.71. The group
velocity of refracted light is shown in blue,
while the incident light's group velocity is
depicted in green. At an incidence angle of 30°,
the incident beam encounters a convex EFC,
causing the beam to refract in a direction

normal to the surface, which is characteristic of
negative refraction. This analysis demonstrates
the potential for the hybrid DG structure to
achieve negative refraction, a property that can
be leveraged for advanced optical applications
like superlenses and cloaking devices.

Figure 3 (b) provides an illustration of the
negative refraction at the input interface of the
hybrid DG. This diagram visualizes the
refracted rays in the actual crystal, further
validating the occurrence of negative refraction
in the hybrid structure.

Figure 3 (c) shows the distribution of the
electric field of a Gaussian beam incident at 30°
with LCP light at a frequency of 426 THz. The
arrows indicate the direction of energy flow,
illustrating that the wave refracts negatively
within the hybrid DG slab. The observed
negative refraction highlights the gyroid's
ability to bend light in unconventional ways,
opening new avenues for optical device
engineering.

4. DISCUSSION

The results of this study demonstrate the
unique optical properties of the hybrid metal-
dielectric double gyroid structure. The ability to
control photonic band gaps through dielectric
refractive index and volume fraction
adjustments underscores the versatility and
tunability of the hybrid DG. This tunability is
crucial for designing photonic devices with

specific polarization and dispersion
characteristics, enhancing their applicability in
various technological domains. The

observation of anomalous dispersion and
negative refraction suggests the hybrid DG's
potential for use in creating metamaterials with
exotic optical properties. Negative refraction, in
particular, offers exciting possibilities for
super-resolution  imaging and cloaking
applications, where conventional optics are
limited.
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While the results are promising, further
research is needed to explore the practical
implementation of hybrid DG structures. This
includes experimental validation of theoretical
predictions, exploration of material losses, and
integration into existing photonic platforms.
Additionally,
mechanisms, such as using external fields or
mechanical deformation, could further expand
the versatility and functionality of these
structures. The hybrid metal-dielectric double

investigating active tuning

gyroid structure presents a promising avenue
for advancing photonic technologies. Its unique
polarization-dependent
ability to exhibit anomalous dispersion and
negative refraction make it a valuable platform
for developing next-generation photonic
devices. The insights gained from this study
provide a foundation for further exploration and
development of gyroid-based materials in
sophisticated optical systems.

5. CONCLUSIONS

This study has explored the optical
properties of a hybrid metal-dielectric double
gyroid (DQG) structure through theoretical
insights and finite-difference time-domain
(FDTD) simulations. The results highlight the

characteristics and

structure’s  unique  polarization-dependent
behavior and its potential applications in
photonics, particularly in areas requiring

precise light manipulation.

The hybrid DG structure exhibits distinct
polarization-dependent band gaps for right-
handed (RCP) and left-handed circularly
polarized (LCP) modes. These
demonstrate the structure’s capability to filter
and manipulate light based on polarization,
which is crucial for applications such as optical

findings

communications and polarization-sensitive

devices, like circularly polarized light sources
and detectors.

The optical properties of the DG can be
tuned by adjusting the dielectric refractive
index and volume fraction, making it highly
versatile. This tunability enables the design of
photonic devices that can be customized for
specific functions, offering greater control over
light propagation and enhancing the flexibility
of gyroid-based materials for various

technological applications.

The hybrid DG structure shows efficient
light-matter interaction, as indicated by high
and exhibits anomalous
including negative
characteristics

coupling indices,
dispersion  properties,
These suggest
potential applications in advanced optical

refraction.

systems such as supersenses and invisibility
cloaks, where precise control over light paths is
essential.

REFERENCES

AnQing, Dawei Li, Wenhe Liao, Tingting Liu,
Dylan Joralmon, Xiangjia Li, and Junming
Zhao (2023). “A Novel Ultra-wideband
Electromagnetic-wave-absorbing
Metastructure Inspired by Bionic Gyroid
Structures.” Advanced
35(26):2300659 (Part A).

Materials

AnQing, Dawei Li, Wenhe Liao, Tingting Liu,
Dylan Joralmon, Xiangjia Li, and Junming
Zhao (2023). “A Novel Ultra-wideband
Electromagnetic-wave-absorbing
Metastructure Inspired by Bionic Gyroid
Structures.” Advanced
35(26):2300659 (Part B).

Materials

Chernow, Victoria F., Ryan C. Ng, Siying
Peng, Harry A. Atwater, and Julia R. Greer
(2021). “Figure 1 Dispersion Mapping in 3-
Dimensional Core—Shell Photonic Crystal



TAP CHI KHOA HOC VA CONG NGHE DAl HOC CONG NGHE DONG NAI

S6:01-2025

Lattices Capable of Negative Refraction in
the Mid-Infrared.” Letters
21(21):9102-7.

Chouhan, Ganesh, and Gunji Bala Murali
(2024). Advancements,
Applications of Three-Dimensional Printed
Gyroid Structures: A Review.” Proceedings

Nano

“Designs, and

of the Institution of Mechanical Engineers,
Part E: Journal of Process Mechanical

Engineering 238(2):965-87.
Da, Haixia, Qi Song, Pengya Hu, and Huapeng

Ye. (2022). “Prediction of Negative
Refraction in Dirac Semimetal
Metamaterial.” Nanotechnology
33(41):415202.

Higuera, S., R. Miralbes, and D. Ranz (2022).
“Mechanical Properties and Energy—

Absorption Capabilities of Thermoplastic
Sheet Gyroid Structures.” Mechanics of
Advanced  Materials
29(25):4110-24.

Holmes, David W., Dilpreet Singh, Riki
Lamont, Ryan Daley, David P. Forrestal,
Peter Slattery, Edmund Pickering, Naomi C.
Paxton, Sean K. Powell, and Maria A.
Woodruff (2022) “Mechanical Behaviour of
Flexible 3D Printed Gyroid Structures as a
Tuneable Replacement for Soft Padding
Foam.” Additive Manufacturing 50:102555.

and  Structures

Liu, Yi, Chunmei Ouyang, Quan Xu,
Xiaoqgiang Su, Jiajun Ma, Jing Zhao,
Yanfeng Li, Zhen Tian, Jiangiang Gu, and
Liyuan Liu (2022) “Negative Refraction in
Twisted Hyperbolic Metasurfaces.”

Nanophotonics 11(9):1977-87.

Lu, Chenxi, Yufeng Zhang, Muhammad Aziz,
Pin Wen, Chi Zhang, Qiang Shen, and Fei
Chen (2022). “Mechanical Behaviors of

Multidimensional Gradient Gyroid

Structures under Static and Dynamic
Loading: A Numerical and Experimental

Study.” Additive Manufacturing 59:103187.

Marigo, Jean-Jacques, Agnes Maurel, and Kim
Pham (2023) “Negative Refraction in a
Single-Phase Flexural Metamaterial with
Hyperbolic Dispersion.” Journal of the
Mechanics of  Solids

170:105126.

and  Physics

Serra, Jodo C., and Mario G. Silveirinha (2023).
“Homogenization of Dispersive Space-Time
Crystals: Dispersion  and
Negative Stored Energy.” Physical Review
B 108(3):035119.

Anomalous

Teawdeswan, Ladpha, and Guoying Dong
(2024). “Inverse Design of Multi-Material
Gyroid Structures Made by Additive
Manufacturing.” International Journal of
Mechanical Sciences 262:108734.

Wallat, Leonie, Michael Selzer, Uwe Wasmuth,
Frank Poehler, and Britta Nestler (2022).
“Energy Absorption Capability of Graded
and Non-Graded Sheet-Based Gyroid

Fabricated by  Microcast

Processing.” Journal of Materials Research

and Technology 21:1798-1810.

Structures

Yang, Jie, Jiafu Wang, Xuezhi Zheng, Anxue
Zhang, Raj Mittra, and Guy AE
Vandenbosch (2020). “Broadband
Anomalous Refractor Based on Dispersion
Engineering of Spoof Surface Plasmon
Polaritons.” IEEE Transactions on Antennas
and Propagation 69(5):3050-55.

Zanotto, Simone, Giorgio Biasiol, Paulo V.
Santos, and Alessandro Pitanti (2022).
“Metamaterial-Enabled Asymmetric
Negative Refraction of GHz Mechanical

Communications

Waves.” Nature

13(1):5939.



S6:01-2025

TAP CHI KHOA HOC VA CONG NGHE DAl HOC CONG NGHE PONG NAI

PHAN TICH VE KHOANG TRONG DAI PHAN CUC VA HIEN
TUQNG TAN SAC BAT THUONG TRONG CAU TRUC GYROID
KEP LAI PIEN MOI KIM LOAI

Nguyén Thi Hién!", Phan Thanh Toan?

THONG TIN CHUNG

Ngay nhan bai: 26/08/2024
Ngay nhén bai stra: 13/10/2024
Ngay duyét dang: 21/11/2024

TU KHOA

Khoang cach dai phan cuc,
Phadn tan di thwong;

Khuc xa am.

"Trieong Pai hoc Cong nghé Pong Nai
’Hoc vién Cong nghé Buu chinh Vién thong

*Tac gia lién hé: Neuyén Thi Hién, nguyenthihien@dntu.edu.vn

TOM TAT

Bai bao niy trinh bay mot nghién ciru toan dién vé cac tinh chét
quang hoc cua ciu trac gyroid kép dién méi kim loai lai (DG),
Nghién ciru tip trung vao cac dic diém phu thudc vao phéan cuc
va hién tuong tan sic bat thuong. Thong qua viée sir dung cac
mé phong theo thoi gian dya trén chénh 1éch phan tir hitu han
(FDTD). Bai bao da trinh bay két qua nghién ciru céu tric dai,
chi s6 ludng sic tron (CD), va chi s6 ghép nbi cua cac DG lai dé
kham phaé sy ton tai cta cac khoang tréng dai phu thudc phan cuc
cu thé ciing nhu cac khoang trong dai hoan chinh. Céc théng sb
tir két qua nghién ctru nay cho thiy rang DG lai biéu hién cac
khoang trong dai phan cyc tron phai (RCP) va phan cyc tron tréi
(LCP) riéng biét. Hon nita, nhitng khoang tréng nay c6 thé duoc
diéu chinh mot cach chinh xéac thong qua viéc diu chinh chiét
suat dién moi va ty 1¢ thé tich ciia cdu tric. Nghién ciru nay ciing
d3 1am 13 cac chi sb ghép ndi cao ddi véi cac ché do khac nhau.
Qua d6 cho thay kha ning tuong tic anh sang va vat hiéu qua,
didu nay rat quan trong d6i v6i sy phat trién cia céc thiét bi quang
ttr tién tién nhu cam bién va bo loc quang hoc. Ngoai ra, Bai bao
con phan tich cac tinh chat tan sic bat thuong cta DG lai, bao
gdm khuc xa 4m, mo ra tiém ning cho cac ing dung sang tao nhu
siéu thau kinh va thiét bi tang hinh. Nhiing két qua nay nhin
manh tinh linh hoat va tiém ning cua cac cau tric gyroid dién
moi kim loai lai trong viéc phat trién cac ung dung quang tir thé
hé tiép theo, cling nhu cung cép cac tinh chit quang hoc c6 thé
tiy chinh va diéu chinh, pht hop v6i nhu cu cua nhiéu linh vuc
cong nghé khac nhau. Két qua mé phong nay da déng gdp quan
trong vao vi€c nang cao hiéu biét vé vat liéu dua trén gyroid, va
tao ra mot huéng nghién ciru trong viéc tmg dung thyuc té caa
chung trong cac hé thdng quang hoc phuc tap.




