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Lattice Reactions and Structural Changes Governing
Reversibility in Shape Memory Alloys

Osman Adiguzel
Firat University, Department of Physics, Elazig, Turkey

Shape memory alloys take place in a class of adaptive structural materials called intelligent or smart materials by
giving stimulus response to changes in the external conditions. These alloys exhibit dual characteristics, shape
memory effect and superelasticity with the recoverability of two shapes at different conditions. These alloys are
functional materials with these properties and used as shape memory elements in many interdisciplinary fields.
Shape memory effect is initiated thermomechanical treatments by cooling and deformation and performed
thermally on heating and cooling. Therefore, this behavior can be called Thermoelasticity. Deformation in low
temperature condition is plastic deformation, with which strain energy is stored in the materials and released
on heating by recovering the original shape. This phenomenon is governed by lattice reactions, thermal and
stress induced martensitic transformations, with which crystal structures of materials change. Thermal induced
martensitic transformation occurs on cooling with cooperative movement of atoms in <110 > -type directions on
{110} - type planes of austenite matrix, along with lattice twinning and ordered parent phase structures turn into
the twinned martensite structures. Twinned structures turn into detwinned martensite structures by means
of stress induced martensitic transformations with deformation. Detwinned martensite structures turn into the
ordered parent phase structures, by means reverse austenitic transformation on heating after these treatments.
Superelasticity is performed in only mechanical manner by stressing and releasing the materials in elasticity limit
in the parent austenite phase region, and shape recovery occurs instantly upon releasing, by exhibiting elastic
materials behavior. Superelasticity is also result of stress induced martensitic transformation, and the ordered
parent phase structures turn into the detwinned martensite structures by stressing. Superelasticity is performed
in non-linear way, unlike normal elastic materials behavior, loading and releasing paths are different, and cycling
loop refers to the energy dissipation.

Copper based alloys exhibit this property in metastable 3-phase region. Lattice twinning is not uniform in these
alloys and give rise to the formation of layered structures, like 3R, 9R or 18R depending on the stacking sequences
on on {110} - type planes of austenite matrix.

In the present contribution, x-ray diffraction and transmission electron microscopy (TEM) studies were carried
out on copper based CuzZnAl and CuAIMn alloys. X-ray diffraction profiles and electron diffraction patterns reveal
that both alloys exhibit super lattice reflections inherited from parent phase due to the displacive character of
martensitic transformation.

Keywords
Shape memory effect, martensitic transformation, thermoelasticity, superelasticity, twinning, detwinning.
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Determination of charge centroid location and energy
depth of charge carriers trapped in silicon nitride charge-
trap layers

K. Kobayashi*
Tokai University, 4-1-1 Kitakaname, Hiratsuka, Kanagawa 259-1292, Japan

Abstract

In recent NAND-type flash memories, electrons and holes are injected from the silicon body into the silicon nitride
layer under high gate voltages and are trapped by point defects existing in the layer. These phenomena are
applied to programming and erasing operations for data storage. In order to understand the electron and hole
trapping phenomena in the silicon nitride layer, two methods combining electrical measurements and analysis
have been developed, and the charge centroid locations and the densities of trapped electrons and holes have
been determined [1,2]. In addition, two analytical methods have been proposed to estimate the energy depths of
trapped electrons and holes [3,4]. This presentation summarizes the research results of charge centroid locations,
densities and energy depths of electrons and holes trapped in the silicon nitride layer.

Keywords
Silicon Nitride; Trap States; Flash Memory; Charge Centroid; MONOS-Type Memory

References

1.S. R. A. Ahmed, K. Kato, and K. Kobayashi, Materials Science in Semiconductor Processing, 70, 265-271 (2017).
2. K. Kobayashi, H. Mino, Eur. Phys. J. Appl. Phys., 91, 10101 (2020).

3.S. R. A. Ahmed, K. Kobayashi, IEICE Trans. Electron., E100-C, 662-668 (2017).

4, K. Kobayashi, S. Nakagawa, 2021 IEEE 16th Nanotechnology Materials and Devices Conference (NMDC), pp.
155-159, 2021.

Biography

Kiyoteru Kobayashi received the Doctor of Engineering from Nagoya University, Japan. He joined Mitsubishi Electric
Corporation in 1983 and Renesas Technology Corporation in 2003. He was engaged research and development on
nonvolatile semiconductor memory (NVM) and thin film formation technologies for applications in semiconductor
integrated circuits. He also studied dielectric breakdown and charge trapping phenomena in SiO2 and Si3N4
thin films. In 2005, he joined Tokai University, Japan, as a Full-time Professor, School of Engineering. His current
research activities include the experimental characterization and modeling of charge trapping phenomena in
dielectric thin films for NVM applications. He is the author and co-author of approximately 100 articles in journals
and conferences as well as the author of a textbook on semiconductor device engineering for integrated circuits.
He has served as chairperson or organizer of academic conferences and symposia in the fields of semiconductor
integrated circuits technology and thin film technology.



International Experts Summit on Condensed Matter physics and Materials (IESCMP2023)

Electromagnetic Field Modulations in Ceramic Photonic
Crystals Fabricated by Stereolithographic Additive

Manufacturing

Soshu Kirihara
Joining and Welding Research Institute, Osaka University, Japan.

Abstract

In stereolithographic additive manufacturing (STL-AM), 2-D cross sections were created through photo
polymerization by UV laser drawing on spread resin paste including nanoparticles, and 3-D models were sterically
printed by layer lamination. The lithography system has been developed to obtain bulky ceramic components
with functional geometries. An automatic collimeter was newly equipped with the laser scanner to adjust the
beam diameter. Fine or coarse beams could realize high resolution or wide area drawings, respectively. As the
row material of the 3-D printing, nanometer sized metal and ceramic particles were dispersed into acrylic liquid
resins at about 60 % in volume fraction. These materials were mixed and deformed to obtain thixotropic slurry.
The resin paste was spread on a glass substrate with 50 pm in layer thickness by a mechanically moved knife edge.
An ultraviolet laser beam of 355 nm in wavelength was adjusted to 50 pm in variable diameter and scanned on the
spread resin surface. Irradiation power was automatically changed for an adequate solidification depth for layer
bonding. The composite precursors including nanoparticles were dewaxed and sintered in the air atmosphere.
In recent investigations, ultraviolet laser lithographic additive manufacturing (UVL-AM) was newly developed
as a direct forming process of fine metal or ceramic components. As an additive manufacturing technique, 2-D
cross sections were created through dewaxing and sintering by UV laser drawing, and 3-D components were
sterically printed by layer laminations with interlayer joining. Through computer-aided smart manufacturing,
design, and evaluation (Smart MADE), practical material components were fabricated to modulate energy and
material transfers in potential fields between human societies and natural environments as active contributions
to Sustainable Development Goals (SDGs).
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Changes in the Coercivity Fields of Magnetoresistance
Hysteresis Loops Under the Influence of a Spin-Polarized
Current

E. Beliayev*?, I. Mirzoiev', V. Andrievskii', A. Terekhov', Yu. Kolesnichenko’,

V. Horielyi', I. Chichibaba?
'B. Verkin Institute for Low Temperature Physics and Engineering (Kharkiv) @ Nat. Acad. of Sci. of Ukraine 2
National Technical University «Kharkiv Polytechnic Institute», Kharkiv, Ukraine.

Abstract

Studying the influence of measuring current (1), flowing through pressed samples of CrO2 nanoparticles (g = 120
nm., coated with thin d = 3 nm. dielectric shells of B-CrOOH) on the characteristic fields of magnetoresistance
hysteresis loops (Hp), we found that despite the initial decrease caused by overheating effects (at T = 10 K),
with further decrease in temperature, the coercivity of magneto-resistance hysteresis associated with magnetic
coercivity of percolation current chains [1], formed in a powder sample with lowering temperature, begins to grow
with growing current (T = 4.2 and 7 K).

We explain this low-temperature increase in coercivity Hp by the growing influence of CrO2 spin polarization.
Powerful spin-polarized measuring current (up to 5 mA) flowing through critical links of the percolation cluster,
which are usually large multi-domain CrO2 particles, is capable of displacement of domain boundaries up to
the transformation of a multi-domain particle into a single-domain one [2]. Displacement of domain boundaries
relative to their equilibrium position under the influence of a spin-polarized current reduces the response of the
system to an external magnetic field, which corresponds to an increase in the coercivity fields of magnetoresistance
hysteresis loops.

Keywords
Spin-Polarized Current; Chromium Dioxide; Magnetoresistance; Coercivity
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Magnetization of magnetically inhomogeneous
Sr2FeMo06-6 nanoparticles

Gunnar Suchaneck
Institute of Solid-State Electronics, TU Dresden, Dresden, Germany, email:

Abstract

Magnetization is a key property of magnetic materials. Nevertheless, a satisfactory, analytical description of the
temperature dependence of magnetization in double perovskites such as strontium ferromolybdate (SFMO,
Sr2FeMo06-96) is still missing. In this work, we develop, for the very first time, a model of the magnetization of
nanosized, magnetically SFMO inhomogeneous nanoparticles. The temperature dependence of magnetization
was approximated by an equation consisting of a Bloch-law spin wave term, a higher order spin wave correction,
both taking into account the temperature dependence of the spin-wave stiffness, and a superparamagnetic term
including the Langevin function. In the limit of pure ferromagnetic behavior, the model is applicable also to SFMO
ceramics. At higher temperatures (> 200 K), the magnetization change is overestimated since the appearance of
magnetic disorder in SFMO induces a pronounced extrinsic damping of spin waves. In the vicinity of the Curie
temperature (T/TC> 0.85), the model fails. The model provides a base for the design of spintronic devices, magnetic
sensors as well as for medical application of magnetic particles, e.g., contrast agents in clinical MRl magnetic
resonance imaging or local heating using strong magnetic AC-fields (hyperthermia).
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Thermodynamics and Phase Transitions of the
Classical Spin-1 Ising Model for Magnetic Systems

R. Zivieri', *
1istituto Nazionale di Alta Matematica (INdAM), Rome (Italy)

Abstract

The critical properties of the classical spin-1 Ising Hamiltonian applied to magnetic systems characterized
by the first-neighbors biquadratic exchange, the anisotropy and the external magnetic field contributions are
theoretically investigated. The first-neighbors bilinear exchange interaction is set equal to zero. To determine the
critical behavior, the spin-1 Ising Hamiltonian is mapped onto the spin-1/2 Ising Hamiltonian by using the Griffith's
variable transformation [1]. The critical surface of a 2D square magnetic lattice is determined in the parameter
space as a function of the magnetic parameters and the phase transition occurring across it is quantitatively
discussed by calculating, for each spin, the free energy and the magnetization. The free energy of the 2D square
magnetic lattice, described via the three-state spin-1 Ising model, is obtained from an empirical expression of the
partition function of a spin-1/2 Ising model in an external magnetic field and applied to a 2D magnetic lattice [2].
These results could pave the way to numerical simulations and to measurements able to confirm the analytical
predictions for magnetic materials.

Keywords
Ising Model; Griffith’s Transformation; Partition Function; Parameter Space; 2D Magnetic Lattice
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Enhancement of Thermal Conductivity and Heat Transfer
rate involving Hybrid Nano fluids on MHD Stagnation
Point Flow over a Stretching Sheet

Dr. Santoshi Misra
Dean, Student Affairs, Assistant Professor, Department of Mathematics, St. Ann’s College for Women
Mehdipatnam, Hyderabad, Telangana State, India.

Abstract

Nano fluids play a vital role in the world of industry and technology. With several market needs the research
and advancement in Nano fluids and their applications has become significantly predominant. Nano fluids are
Nano-metre sized particles suspended in base fluids like water, ethylene, glycol, oil etc., to enhance the thermal
conductivity and heat transfer rate of energy transmission fluids in an economical way being cost effective. Hybrid
Nano Fluids are a high end version having varied thermal applications and useful in industrial appliances working
with high temperatures and are developed by diffusing two distinct forms of Nano particles in the base fluid. The
research focuses on studying the behaviour of Hybrid Nano Fluid and its impact on the MHD Stagnation point
flow over a stretching sheet. The highly non-linear governing equations of the fluid are transformed into ordinary
differential equations using similarity transformations and reduced to first order for producing solvable equations.
The 4th order RK method has been systematically employed for the further segregation to obtain accurate results
equipped with shooting technique numerically. The effect of various dimensionless parameters like the Skin
Friction, Nusselt number, Prandtl number, Eckert number, Lewis number, Biot number, Magnetic parameter,
Thermophoresis parameter, Brownian motion on the Velocity, Temperature and Concentration profiles of the
fluid flow are recoded and are in good agreement with the references used based on the results obtained from
the graphs and tables in our research consistently showcasing the influences clearly.

Keywords
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Stagnation Point Flow
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Theoretical Study on In-Plane, Out-of-Plane, and
Transverse Anisotropic Magnetoresistance Effects for
Ferromagnetic Films

S. Kokado'* and M. Tsunoda?

1 Faculty of Engineering, Shizuoka University, Hamamatsu, Japan.
2 Graduate School of Engineering, Tohoku University, Sendai, Japan.

Abstract

The anisotropic magnetoresistance (AMR) effect, in which the electrical resistivity depends on the direction of
magnetization M, has been observed for a variety of ferromagnets such as Fe, Co, Ni, Fe4N, and half metals. The
AMR effect has often been explained by using the electron scattering theory based on an extrinsic mechanism [1],
in which the conduction (s) electron is scattered into the localized d states by nonmagnetic impurities.

The AMR effect has recently been investigated for various directions of M. The AMR effects are, for example, in-
plane AMR (IAMR), out-of-plane AMR (OAMR), and transverse AMR (TAMR) effects for ferromagnetic films. When
the current flows in the [100] direction, the IAMR, OAMR, and TAMR mean that M lies in the (001), (010), and (100)
planes, respectively. Quite recently, the IAMR, OAMR, and TAMR effects have been studied for CoxFe1-x films by
using the first principles transport calculation with an intrinsic mechanism [2], in which the energy band structure
depends on the direction of M. The calculation results have been verified experimentally.

On the other hand, the IAMR [3], OAMR, and TAMR effects have been experimentally measured also for Fe4N
films. Here, the IAMR and OAMR exhibit the negative AMR with the twofold symmetry, whereas the TAMR shows
the positive AMR with the fourfold symmetry. Such experimental results, however, have scarcely been analyzed
theoretically. Our concern is therefore whether the experimental results also can be explained by using the
electron scattering theory [11.

In this study, we analyze the experimental results of IAMR, OAMR, and TAMR for Fe4N films using the electron
scattering theory with the extrinsic mechanism. The theory is based on the two-current model with the s-s and
s-d scatterings due to the impurities, where d is the localized d states with the spin-orbit interaction, exchange
splitting energy, and crystal field energy. We find that the calculation results of IAMR, OAMR, and TAMR agree
qualitatively well with the respective experimental results. In addition, the feature of each AMR is considered on
the basis of the probability density of the d states of the current direction.

Keywords
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Photonic Glass and Fiber for Detection Applications

S.Zhou *

'School of Materials Science and Engineering, South China University of Technology, China.

Abstract

Multicomponent glasses and fibers are considered to be the fundamental building blocks of the next-generation
photonics. In this talk, the recent progress in designs, fabrications and applications of selected materials for
multicomponent optical glasses and fibers is introduced. The results about the relation between the glass
microstructure and its optical properties are introduced. The glasses and fibers with various detection functions,
including high-energy radiation, neural electrical signal and ultra-short optical pulse are highlighted.

Keywords
Glass Fiber; Photonics; Detection
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Quantized Topological Chagers of Ferroelectric Skyrmions
Formed in Two-Dimensional Multiferroic Materials

Zhaosen Liu,
College of Physics and Electronic Engineering, Hengyang Normal University, China

Abstract

In multiferroic materials, microscopic magnetic and electric textures are coupled through magnetoelectric (ME)
interaction. Thus, a ferroelectric (FE) skyrmionic crystal (or lattice so as to be abbreviated as SkL) is expected
to be induced once one ferromagnetic (FM) SkL is stabilized. Based on the p-d hybridization theory, we carry
out simulations by means of a quantum computational method. Consequently, we observe that the two sorts
of topological crystals can indeed be generated simultaneously in a two-dimensional multiferroic monolayer;
each FE skyrmion is a ferroelectric dipolar complex formed around one FM skyrmion; the topological charges of
these FE skyrmions are quantized to be integers, half integers and multiples of certain fractional values; and a
perpendicularly applied electric field is able to alter the wavelengths of the FM and FE SKLs, elevate their formation
temperatures, and destroy them below the original critical temperatures.
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