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Editorial Message

The e-magazine of the Physics Department of BUET is a great initiative to promote interaction and
communication among the departmental faculty, stafl and studeats, We thank for the responses o
the first issue of BUET Physics Bulletin, which was published one year sgo in 2022 from our
deparument, and we are cxcited to present the second issue in this publication. Over 10 scicntific
articles were published in the previous issue and all of them were warmly admired by our readers.
We have been honoured to platform the articles of the mlented writers, and their submissions to the
bulletin have added exceptional tribute to our department. The second issue is a great effort in this
direction, It is packed with inleresting articles on vasious aspects of physics research and teaching,
We apologize for any inadvertent mistake added in any article of the preceding issue,

In this issoe, we again present to you some articles submitted by several suthors who nurtured
scientific views that can be tacit and overtly accepted. We extend our sincere compliments to those
who have submitied their contributions to this second issue. | woald like to congratulate and thank
io the editonal team to help edit the second iusue.

We wish for your endeavors and untining efforis.
E F

(Prof. Dr. Md. Forhad Mina)
Executive Editar
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Generally, vorticity is a measure of the rotation of
a fluid snd is mathematically defined us the curl
of the wvelocity field As our atmosphere is
dynamic along with the rotation of the earth, the
formation of vortices and their effects have a vital
significance on the weather, Tropical cyclones
(TCs) and tomadoees are both extreme weather
events consisting of atmospheric vortices but on
different scales (Fig. 1).

Both vortices rotale counterclockwise in the
northern hemisphere and clockwise in the
southern hemisphere. They are threats 1o life or
praperty due to violent winds and lorrential rain
with lightning. The differences between a TC and
a tornado are explained below.

Structure: TC is a vertically rolating cylinder
with 100s of kilometers in diameter and
compriscy several numbers of convective storms
in the rainbands connecting through the eyewall.
The outer rainbands of a TC typically develop at
a distance of 80150 km or more from the center,
On the other hand, tornadoes spin faster than a TC
with diameters of 100s of meters and are
developed from a well-organized, most dangerous
rotating thunderstorm called a supercell.

Intensity: The intensity of a TC is measured by
the highest wind speed found within it. According
to the Saffir-Simpson scale, TC is categorized on
a scale from | (115-153 ke/hr wind speed) to §
(>252 km/hr wind speed). The most powerful
tornadoes are capable of massive destruction with

Atmospheric Vortices: Tropical Cyclone vs Tornado
Dr. Nasreen Akter, Professor and Head, Department of Physics, BUET

wind speeds of ncarly 480 km/hr and the damage
paths associated with iomadoes can be more than
1.6 km wide and 80 km long.

Genesls envirenment: For the genesis of a
tormado, a balance between extensive vertical
wind shear and instability is essential, whereas,
cyclogenesis and its advancement are favourahle
for very low values (<10-12 m/s) of tropospheric
vertical wind shear,

Source- Muthora) Wonther Service
Fig, 1: Atmospheric vortices (Tropical Cyclone snd Tormado),

Is It possible to occwr both TC and tornado
together?

The answer is YES. Within the rainband of TC,
the formstion of supercell (or giant)
thundersiorms is favorable for developing
tomnadoes. Most of the TCs whoen made landfall
in the United States and Japan offered a large
value of vertical wind shear and environmental
instability, which spawned several tomadoes
(Fig. 2a). Veary rcoently, a tomado outbreak in
West Bengal, Indis (Fig. 2b) was noticed aloag
with Cyclone Yuas formed over the Bay of
Bengal (BoB) in 2021, The tomadoes combined
with TCs are well-reported and predicted for the
Pacific Occan and Atlantic basins, [n contrast,
iomadoes relaiad 10 the TCs over the BoB are still
unknown to ordinary people due o & lack of
understanding and limitod investigation. The TCs
integraled with tormadoes can have more
devasiation than 8 regular TC due 0 extra
barardous features of tomadoes like strong

I.



Therelore, vast knowledge, careful monitoring
and tracing of the path of tornadic thunderstorms
are essential to reduce the loss of life snd damage
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Introduction: An oxide is a molecule comprising
at least one oxygen stom and one other element in
its chemical composition. Oxygen anion and one
or more metal cations are frequently present in
metnl oxides. Because the clements are oxidized
by oxygen in air or water. Most of the Earth's
outer shell is made up of solid axides of different
matals. In many fields of physics, chemistry, and
maderials science, metal oxides are essential,
Metal atoms can create oxide compounds in
countless different ways. Along with the
electromic structure, these may have a vanety of
structural configurations that exhibit
| superconducting, metallic, semiconducting,
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to properties in densely populated countries
like Bangladesh and India.

Multifunctional Smart Materials from Metal Oxides for Future
Technology

Dr. A. K. M. Akther Hossain, Professor, Depariment of Physics, BUET

A family of specialized materialy known as multifunctional materials performs maore than one desired
synthesis of multifunctional metal axides. Discussion may also include experimental results from current
researchers in different fields of materials sclence such as superconductors, colossal magnetoresistive
materials, nanocrystalline ferrites, and composite multiferroic materials.

paramagnetic, and multifermoic, properties.

Oxides are used in many practical high-tech
products, including magnetic sensors, memory,
read/write heads, fuel cells, piezoclectric devices,
microelectronic circuits, and coatings for surfaces
to preven! corrosion. Resewrchers have a greal
deal of interest in working with metal oxide
matenials in the domains of magnetism, matenials
chemistry, biomedical engineering, agriculture,
medicine, information technology, eclectromics,
ele, duoe to the wide range of polential
technological applications in the near future.




A wide vadety of crystal structures, such as
perovskite and spinel-type lattices, as shown in
Fig. 1, are formed by metal oxides.

Fig. 1: (a) Perovakite type ABO; unit cell, and (b) Spitiel type AB:O. unit cell

In a perovskite or spinel structure, the unit cells
can hold a vanety of cations. Different kinds of
engineering materials can be fabricated for
various usages depending on the cation types
(magnetic or ponmagnetic), sizes, and positions in
the lattices. In addition to this, oxygen snion is
also crucial. Cation types and oxygen contents
may change a matedal ioto an imsulator,
scomconductor,  conductor, superconductor,
magnetic material, etc. As a result, these
structures can be considered treasure boxes for
material scientists. An overview of the author's
rescarch on the perovskite and spinel types of
matcrials is provided in this article.

Perovskite-type copper oxides: In 1986,
Bednorz and Muller discovered  the
superconductivity in the layered perovskite-type
Laz Ba,CuOy system, It was observed that the
critical temperature, T, depends on the dopant end
the dopant concentration. For the Ba** dopant with
x=0.185, the T is around 30 K_ If S replaces Ba™,
an sugmented T around 40 K is observed. When a
smaller Y™ replaces the larger La™, results in a
glant jump of 7; around 93 K in the YRa:xCuyOr
compound. [n this compound, oxygen ocontent
pleys an important mole The YBaeCuyOs
campound is a Mott insulator, while YBaeCuyOes
is a superconducior with T2 around 60 K, and 7.
increases with increasing oxygen conlent up lo
arcund 110 K, snd T1-Ba-Ca-Cu-O compounds
with T: up to & maximum of 125 K. Besides, the

cation dopant end oxygen content, applied pressure
also infloence the T

93 K for the YBaCmO:. The rare earth-free layered
perovskite compounds Bi-Sr-Cu-0 showed T, around
110 K, and T1-Ba-Ca-Co-O

L

Perovskite-type manganese oxides: Perovskite-
type (Fig. la) metal oxides, Laj AMn0y with
A = Ca, St, Ba, etc, bave inleresting properties,
depending on the dopant types and concentration.
LaMnO«/CaMnOwSrMnOyvBaMnOs compounds are
antiferromagnetic insulutors. When Ca**, 87 or
Ba* replaces La™, there arc dramatic changes in the
properties of the materials. For small concentrations
of dopants x < 0,10, the room-temperature phase is a
phase is a ferromagnetic/canted spin insulator. Most
striking festures arc observed for 0.2 < x < 0.5, the
room-lempernture  phase s 2  parmmagnetic
insulstor/semiconductor, and the low-temperature
phase is ferromagnetic metal. Interestingly metal-
insulator transition, the ferromagnetic o
pararnagnetic trangition, snd in some cases, structural
changes occur simultaneously at the same
iemperature. This group of maierials shows negative
colossal magnetoresistive behavior around the
transition lemperature. For (he higher dopant
concentration x > 0.5, the room-lemperature phase is
a paramagnetic insulator, and the low-temperature
phase is an antiferromagnetic insulator. The divalent
dopant causes changes in the valance state of Ma** 1o
Mn*. The population of Mo™/Mno™, und their
interaction vin oxygen anion, and the lattice
distortion play & crucial role in showing various
propesties in these perovskite compounds.
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Spinel-type lron oxides: Spinel-type iron oxides
exhibit wvarious amazing maltifunctional
properties. According to the crystal structure,
The AB;O« crystal structure (Fig. 1b) has
tetrahedral A-sites and ocishedral B-sites.
Depeading on its composiion and cation
distribution, it exiubits different electrical and
magnetic proporties. Different cations can be
placed on the A-sites and B-gites to tune the
magnetic properties. Depending on the A-site and
B-site cations, they exhibit fermimagnetic,
antiferromagnetic, spin  (cluster) glass, and
paramagnetic behavior, The remarkable behavior
of their magnetic and electrical properties makes
them the subject of intense theoretical and
of Ni-Zn- wnd Co-Za- fermites exhibit
large  negative  magnctorcsistance.  This
magnetoresistance can be either paraholic or
linear, depending on ocomposition and
temperature, The maximum magnetioresistance
wis observed with ZoosNioaoFerOs,  This
magnetoresistance is an intrinsic property of the
composition and s  independent of
microstructures. The origin of magnetoresistance
may be due to the suppression of scattering of
charge carriers from paramagnetic or canted spins
(YE angles) or magnetic polarons. Observed
magnctoresistance is nearly linear with an applied
magnetic field and is suitable for manufacturing
magnelic sensan.

Composites of perovskite-spinel oxides: Some
exciting festares of perovskite- and spinel-type
oxides are discussed in the previous sections.
multifunctional devices. Composites of
piczoelectric perovskite oxides and
spinel  oxides  cxhibit

o

This new offect is absent in the individual oxides.
Thus, sppropriste combinations of these oxide
phases can be used 1o design suitable multiferroic
materials which show ferroclectric  and
ferromagnetic/ antifcrromagnetic  properties
simultancously. Proper ferrite and ferroelectric
combinations can produce good magnetoelectric
coupling effects. Extensive research on these
composites revealed that 2 high magnetostrictive
coefficient of the ferrite phases and a large
piczoclectric  cocfficient of the ferroelectric
phases are the basic requirements for high
magnetoelectric  coefficients of multiferroie
composites. Therefore, combining two different
suitable oxides, including the magnetostrictive
and piczoclcctric phases, yiclds a broadly
applicable magnetoelectric voltage coefficient.
Concluding remarks: It was demonstrated that
perovskite-type metal oxides might exhibit
superconductivity, metallic, semiconducting, and
insulating behaviour dopending on chemical
compositions. [o additon, some of the oxides also
exhibii ferromagnetic to paramagnetic transition
along with metallic to semiconducting/insulating
trensition. For these materials, a colossal
magnetoresistance is also observed in the
transition region. On the other hand, spinel type
of materials shows various magnetic propertics
depending on the cation substitutions. The
substitution of nonmagnetic cations weakens the
magnetic interaction in the spinel type of
materials. If the nonmagnetic dopant is higher
than some optimum value, then the B-sites
cations of the spinel structure are no looger
collinear, und they become canted. Some of the
canted spinel-type materials also exhibit linear
magnetoresistance in the presence of a high
magoetic ficld. A suitable perovakite-spincl
composile show multiferroic behaviour that is
hath ferroelectric and ferromagoetic behaviour in
the same phase.



Membrane Biophysics Research in BUET
Dr. Mohammad Abu Sayem Karal, Professor, Department of Physics, BUET

Biophysics Research Laboratory, Department of Physics, Bangladesk University of Engineering and
Technology (BUET) is one of the modern laboratories in Bangladesh for conducting cutting-edge research
in the field of membrane biophysics. The writer is the founder and principal investigator of this laboratary,
which was established in 2015, Several modern equipment have been bought and installed in the laboratory
with the funding of TWAS (Ttaly), BUET, UGC. Ministry of Science & Technology, Ministry of Education,

ICT Divizion ete.

The biomembrane, or cell membrane, is the most
important structure of the cell and the cell
organelles. It is an enclosing structure thal acls as
a selectively permeable barrier to living cells. It
consists of a phospbolipid bilayer with embedded,
integral, und peripheral proteine used in
communication and transportation of chermicals
and ions. They play not only & structural role in
the barrier but also comtain various functional
molecules like receptors, ion channels, proteins
and enzymes.

—
A .

The thickness of biomembranes is about 10 nm.
The main constituents of biomembranes are
lipids. More specifically, they contain a sheet of
crystal structure) of Singer and Nicolson views
the membrane a5 a fluid bilayer of amphipathic
complex lipids with proteins embedded in it and

Socrce: Singer, 8. 1, Nicolon, Garth [, 2008
Fig. 1: Mustration of & Biomembrane

spanning it. The relative sbundance of proteins in
a membrane varies from specics (o species, and it
correlales with metabolic activity, For example,
the mitochondrial wall containg large amounts of
protein (52-76%) and smaller amounts of lipids
(24-48%), facilitating its high metabolic activity.
Conversely, the inactive membrane of the myelin
sheath in neurons contains only 18% proteins and
T9% lipids.

Cholesierol is an important companent of cell
membrancs, which play an imporant role in the
functioning of real biological systems, varying up
10 50 mol% of the iotal lipid content (bacterial
membrane does not comtain  cholesterol).
Cholesteral changes the physical and chemical
propertics of membrancs. More specifically,
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it changes the clasticity and bending rigidity of
membrancs. ln any utinsual situstion (c.g., cancer
ar any other disease) of the human body, these
properties of membranes greaily change. Hence,
by measuring these properties, it can be possible
to identify whether membrunes are in good
condition or pot. Various static and dynamic
patures of membranes can be investigated by
optical microscopes (bright fizld, phase contrast,
fluorescent, and confocal microscopes). An
illustration of biomembrane is shown in Fig. 1.

Lipid membranes and Vesicles: Currently,
as an alternative 1o biomembranes as the synthesis
of biomembranes with exact composition is quite
difficult compared to the synthesis of lipid
membrancs, The thickness of lipid mombeancs is
about 4 nm. Research uses lipid membranes for
various experiments. Lipid molecules dispersed
in solution exhibit a self-assembled system that
transforms into aggregates of various sizes and
shapes, Vesicles are closed, spherical structures
formed by a double lipid layer ranging from nano-
to micrometers in diameter, The vesicles are at the
center of & huge amount of research because such
vesicles arc the models of real biological cells.
There are several methods of forming the
unilamellar vesicles which produce different sizes
of vesicles. Among the different onilamellar
vesicles, giant unilamellar vesicles (GUVs) of
dismeters of 10 pm or more have sttracted special
interest duc to the visualization of their size and
can be obtained through the natural swelling
method. The size of GUVs gives the opportunity
to study the phenomena happening in a single
individual vesicle. The GUVs have been used o
investigate the elasticity of lipid membrenes,
rupture/pore  formation of wvesicles osing
mechanical/electrical tension, pore formation due
to peptides and nanoparticles, etc. Such vesicles
have boen substantially investigated in medical
research as a potential system for delivering drugs

to specific body organs and for electroporation.
An illustration of 8 GUV and & lipid molecule is

shown in Fig. 2.

BUET PHYSICS BULLETIN
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Fig. 2: Vesicle (left) and a Lipid molecule (right).
Electreporation: Electroporation s a non-
thermal wnd mimimally invasive ablation
technigue for the destruction of cells in a targeted
region, using  brief  electric  pulses.
Electropomtion is the phenomenon associated
with an increase in cell membrane permeability
when microseconds Lo milliseconds of electrical
ficlds are applied across the cell. Irreversible
electroporation (IRE) is the permament
permeabilization of the cell membrane. It is
considered that this will be the most promising
echnigue for the ablation/destruction of
cancer/tumor cells in a targeted region. The IRE
technique has been developed in the biophysics
research lsboratory for conducting research on
lipid membrane fusion, membrane poration,
vesicle deformation, vesicle rupture etc. In
addition, the cffect of osmotic pressure on the
constant  electric tension-induced rupture of
GUVs is also being studied.
The slectroporation device mainly consists of an
ultra-short pulse generator and & high voitage
power supply. These parts arc connected with
switching circuit for gotting the final IRE signal
with the microcontroller sysiem. The DC square
pulses are created by a maullivibrator. A
MOSFET-based switching circuit is designed lor
generating square pulses. To develop a high
voltage power supply, initially, a single-phase
transformer is driven by 220 V AC that serves (-
B0 V AC with § A. Then the secondary voltage
is converted through a full wave rectifier 1o get
the required DC voltage with proper regulation.
The square pulses are generated at low voltage
from the pulse genemalor, which are used 1o
switch high-voltags power MOSFET to get the
desired output. A microcontroller is used to
control the frequency, pulse width, and number of
pulses of the IRE signal accurately.



The developed IRE device provides clectric ficld
pulses with pulse width of 200 us and frequency
1.1 kHz. The microcontroller-based IRE signal is
spplied to the GUVs through a gold-coated
clectrode,

Tho promising spplications of clectroporation in
bictechnology are genetic transformation,
microorganism  inactivation,
intracellular compounds [rom microorganisms
technology  successfully wused for tissue
decellularization, producing tissue- and organ-
derived scaffolds by removing the cellular content
while preserving important structural and
biochemical features w0 suppont cell growth,
Scveral surgical applications using this

Fig. 3 Vesicle (left) and a lipid molecule (right).

technology are now under study or even under
clinical trial, e.g., ablation of hepatocarcinomas,
ablation of prostate tumors, trestment of atrial
fibrillation, and treatment of vascular occurrences
such as restenosis and atherosclerotic processes.
The technology is also implemenied in food
prescrvation systems, food processing, and
biorefinery. Localized prostate, kidney, lymph,
and lung cancer treatments along with liver tamor
ablation are well studied by the electroporation
technique. Stretching of membrancs, using the
antimicrobial peptide-induced porc formation in
GUVs.

extraction of
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Micropipette Aspiration: The mechanical
tension in the membeanes of GUVs is applied by
the micropipette aspiration techmigue, which
helps to understand the process of pore formation,
rupture of vesicles, and estimate the clasticity of
membranes. In this tochnique, first a ‘single
GUV" is held at the tip of a micropipette by
applying a small suction pressurc and aspirating
the GUV 1o a targeted lension quickly, and then
keeping the teasion constant for a particuler time,
suy 10 min. QUV is observed until its complete
aspirstion imto the micropipette. The GUV
ruptured due to the formation of pore in the
membrane. The time of rupture comesponds o
the time when GUV is aspirated into the
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Additionally, the entry of cell-penstrating peptide
into single GUVs without pore formation is
modulated by constant tension. The transhilayer
movement of lipids was observed in the presence
of constant cxtemal tension. The penetration of
nanoparticles into a ‘single GUV' was greatly
influenced by lateral membrane tension, in which
tension was generated by osmatic gradient.

Such types of penstration of particles and
peptides into the vesicles through the lipid bilayer
are potentially useful for controlling living cells,
such as for gene delivery, local beating, and the
visualization of proteins, Hence, constant
membrane lension plays an important role
kfcfwni .
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various biophysical, biochemical, and biological
processes. An illustration for calculating the mte
constiunt of rupture of GUV is presented in Fig. 3,

Vesicle Nanoparticles imteractions: The
cmission of nanoparticles (NPs) into the
environment from various sources is onc of the
key reasons for the substantial death and illness in
cardiorespiratory discases. Biomedical implants,
contrast agents in MRI, insccticides, and food
product processing are some of the common
sources of NPs enlering the human body.
Magnetite NPs can be derived from burning foel
in the iron industry, printer toners, stoves, etc. The
abundance of magnetite NPs was identified in the
human brain, which are prolific in urban areas.

Such magnetite NP3 can be entered the brain via
the olfactory nerve and build-up of reactive
oxygen species in cclls. Enhanced reactive
oxygen  species production links o
neurodegenerative diseases (e.g., Alzheimer’s),

Time (min)

It was also found that magnetite NPy in amyloid
plaques (aggregates of misfolded proteins). Such
proteins are respansible for causing Alzheimer's
discase. Hence, the explomation of the impact of
magnetite NPs in colls or vesicles is important for
understanding the possible changes in membmnes
due o NPs. GUVs are synthesived using a
| combination of lipids and proteina. The prolein

L

i
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10 15 20 25 30

Flg. 4: (A) Phase contrast images show the deformation of a “single GUV’, The numbers above cach
image show the time in minutes after starting the addition of NPs. Scale bar is 10 pm. (B) The time
course of the change of compactness of GUVs, filled circles (@) correspond to nages shown in (A).
(B) Under the same condition as in (A) the time course of the change in compactness of two other 'siogle
GUVs' in one independent experiment. (C) Time dependent average compactness of GU Vs,

(Gramicidin A) works as an ion channel in lipid
membrancs. As cells have a resting membeane
potential, we apply membrane potential (using
the Nemst eoguation) across membranes by
changing the jons in the outer buffer of GUVs. It
has been reported that magnetite NPs form pores
in the membrancs and deform GUVs The
deformation and compaciness (Cee) of 2 GUV
induced by 3.33 pg/ml. NPs arc presented in
Fig. 4. The biological implications of lipid
vesicles as well as their extensive application in
biophysical and biochemical research determine
the interest in the NPs-induced doformation and
poration in GUVs. Due to the rapid increase of
nano-bio-technology-based  research  and
industry, it is crucial to save ourselves from the
cxposure of NPs. Adsorption of NPs deforms the
cells and also forms pores in cell membrancs.
Exposure to NPs affects candiovascular and
pulmonary activities, resulting in sobstantial
mortality and morbidity. activitics, resulting in
substantial mortality and morbidity.

6 7 8
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Time (min)

This wnte-up describes (he [nformation on
ageots, Differeat theories have becn used
(sometimes new theories are developed) to
understand the detailed mechanism of the lipid
bilayer induced by electroparation, micropipette
aspiration, and nanoparticles,



Dr. Mehnaz Sharmin, Associate Professor, Department of Physics, BUET

Modemization of science and technology has
cuused revolutionary changes in the industrial
global industrial sector. The 4% incustrial
revolution demands more productivily to cope up
with the mapidly cmcrging nceds of modem
society. Because we, the inhabitants of this global
village are now very muoch dependent on the
modemnized devices in our workplaces, homes,
amuscment arcas, ctc. In this flow of life, a very
precious thing is being overlooked by us, and that
is our environment. Significantly, the air quality
is & buge concern under the consequences of
industrial modemmization and large-scale
productions. The pollutants released from the
factories, vehicles, etc. have a toxic effect on the
ecosystem. Moreover, flammable gases often
cause firing disasters in factories, public places,
and houses. So, monitoring air quality is essential
0 ensure environmenial safety worldwide. The
device used (o examine the air quality is known
85 & gas sensor. A gas sensor is a useful device
that helps 1o prevent health hazands o humans,
ensure safety and control environmenstal
pollution,

Gas sensor can receive information originating
from & chemical reaction or a physical process of
the system under investigstion and transform it
into an analytically useful signal [Hulonicki ef al.
Pure & Appl. Chem., 1991]. A typical chemical
sensor consists of two parts namsd receptor and
transducer. Chemical information is converted
into any form of cocrgy by the seceptor. The
ransducer measures the converted energy.
Finally, the transducer transforms this energy into
an analytical signal. Depending on the operational
principle of reccptors, chemical sensors can be
divided into three types- physical sensors,
chemical sensors, and biochemical sensors.
Usually, in n physical gas sensor, the signal is
generated at the receptor by any physical process
like the change of mass, absorbance, refractive
index, temperature, or resistivity [Umar and
Hahn, Am. Sci. Pub., 2010).

Metal-oxides (MO) semiconductors drew the
scientific community’s aitention as gas sensing
materials in the middle of the 20* century. MO
semiconductor-based gas sensons were designed
because the eclectrical resistance of a
semiconductor shows high seasitivity the
existence of impurities at the surface or in the
volume. Generally, a MO gas sensor has four

sensor. MO film is coated on & small sized
substrate. Electrodes are coated on the deposited
film and the whole system is placed on a small
beating system (Fig. 1).

The electrical resistance of a MO changes
because of the absorption of gas molecules
preliminarily related o the oxygen
chemisorption. The working principle of MO gas
sensor is known as the chemi-resistance principle.
The gus molecule behaves as cither an acceptor or
donor during inleraction with MO surface and
hence causes change in the electnical resistivity of
the MO film. The resistivity of MO film depends
on scveral things, like the type of conductivity (p-
type or n-type) of the deposiled film, the nature
of the gas molecule, eic. [Shankar ef al Sci. Leti
1, 2015]. Adsorption sites at the surface of the
film confirm the interactions between the MO and
gis molecules. In an n-type MO material, when
axygen ion species (O, 0%, eic.) appears, the
surfice of the materials is depleted with electron.
These jon species interact with gas molecules
upon exposure of sensing gas and restore the
cloctrons on the surface. In this process, the
electrical conductivity of the MO increases. The
generation of oxygon specics on the surface of &
film depends strongly on the type of material and
tempersture. Usually, the oxygen species are
found to be predominant at temperatures in the
range 150 - 400 °C, This causes the crestion of an
electromic core-shell configuration [Kim ef al.
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Sens. Actuators B: Chem., 2014]. In p-type MO
materials, inferactions between gas molecules and
oxygen species on the film surface reduce the
concentration of holes in the shall layer and hence
decrease the clectrical conductivity of the MO
film [Kim ef al. Seas. Actustors B: Chem,, 2014),
Gas sensing mechunixm of 2 MO gas sensor is
shown in Fig. 1.

Earlier developed MO gas sensors were Jess
efficient in terms of performance level. They had
major drawbacks such as slow response, humidity
scnsitivity, the requirement of high operating
wmperature, cic. S0, the scarch of high-
performance MO muterials had been continued
since the initial invention of MO gas sensor. The
performance of a sensor depends very strongly on
the surface morphology and crystalline structure
of the MO film, type of dopant, deposition
technigue, etc. Operating tempersture also affects
the pecformance of the sensor. Recently, with the
developments of nanotechnology, researchers are
attractod w0 the research on the gas scnsing
performance of nanostructured MO matcrials,
Materials scientists are synthesizing several MO
using different techniques and investigating their
particle size-dependent clectronic  properties
2005). Following these research oulcomes,
nanotechnologists are fabricating modernized
MO-based gas sensing devices [Fu ef al Adv.
Coll. Int. Sdi., 2004,

BUET PHYSICS BULLETIN

Fig. 1: Schematic diagram of a metal oxide gas sensor and gas sonsing mechanism,

Bochenkov and Sexgeev, Russ. Chem. Rev.,
2007). Lessening of particle size affects the
clectrical conduction in 8 MO materinl by
modifying the grain boundaries or necks. Hence
the sensor performance is improved significantly
by reducing the particle size to the pano level
[Umar and Hahn, Am. Sci. Pub., 2010, Tan ef al.
Sens. Actuators B: Chem., 2000, Michel et al.
Talanta, 2007.]. Modification microstroctural
mrrangements like the distribution of pores and
morphological features influence the gas sensing
performance of MO. An increase of porosity
enhinces gas sensing performance of MO
|Shinde ef @i, Sens. Actuators B: Chem., 2007,
Xu ef al Sens. Actumtors B: Chem., 2006). MO
gas sensars show betler senkitivily and selectivity
when transition metal (example: Py, Ag, Au, Cu,
Co, eic.) or halogen (cxample: F, Cl, cte.) doped
MO nanostructures are used as sensing materials
[Umar snd Hahn, Am. Sci. Pub., 2010]. Several
binary and ternary MOs are synthesized, and their
gui-scnsing performances arc being  studied
recently [Rzaij and Abass, J. Chom. Rev., 2020,
Saruhan ef al Frontiers in Sensors, 2021, Singh
et al ], Hlectron. Matzr., 2022]. The efficiency
MO gas sensors sre showing improvement in
their performance day by day. There is a vast
scope of research based on MO-based gas
SCTEONN.




Introduction: Magnetic relrigeration is an
appealing, cavironment-friendly technology
which is based on a magnetic solid specimen that
behaves like a refrigerant by magnetocalonic
effect (MCE), This technique is acquainied with
the ability of any magnetic material to change its
temperature and catropy under the influence of an
external magnetic field. By using this technique,
extremely low temperntures a8 well as the ranges
used in common refrigerators can be obtained.
The refrigeration technology does not use orone-
deplcting chemical (such as chioflurocarbons),
hizardous chemicals (such as ammoania), or
greenhouse gases (Hydrochloroflurocarbons and
Hydroflurocarbons). Most modern refrigeration
syslem and air conditions still use ozone depleting
or global-warming volutile liquid refrigerants. In
commeon heat transfer fluids are used that are free
from czone-depleting and global warming effects
on the atmosphere.

History: Relative long ago, in 1881 German
physicist Fmil Warburg discoversd the
magnetocaloric  effect.  According to  his
observation, under the influence of external
magnetic field, the iron specimen healed up, or
cooled successively. He proposed that the change
in temperature of the specimen ts nothing but the
consequence of the change in the internal coergy
of that specimen, having a magnetic structure,
under the impact of the external magnetic field.
However, it was still far away before the
empirical use of this phenomenon. French
physicist Paul Langevin (in 1905) was the first
who demopstates that the change of
magnetization of a paramagnetic material is
responsible for a reversible change in the
temperature of a sample. Almost 50 years afier
the discovery of MCE, the concept of magnetic
cooling was proposed independently by two
American scientists named Peter Debye (in 1926)
and William Giauque (in 1927), as a mode

Magnetic Refrigeration: A Supreme Application of
Magnetocaloric Effect

Probal Roy, Lecturer, Department of Physics, BUET
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of reaching temperatures below the boiling point
aof biqud belium. Then m 1933, Jiok and
McDougall demonstrated the simplest and
convenient experiment to explain the magnetic
refrigeration.

Mechanism: The magnetocaloric effect is
observed in magnetic materials when it is kept
under influence of an external magnetic field. The
mechanism for the change in temperature as well
us change in entropy arises as a consequence of
the manipulation of the magnetic moments in the
maierial. When 2 magnetic ficld is applied 1o &
moments couple with the field and align with the
field direction. This aligning of the moments
reduces the randomness or magnetic entropy of
the system. When the ficld is removed, the
moments relax und the magnetic entropy
increases. If the system is kept under isothermal
conditions end constanl pressure, the (total
entropy of the system will decrease when a field
is applied and increase when the field is emoved.
If the system is kept under adiabatic conditions
and constant pressure, the total catropy of the
system remuins constant. Under this condition,
temperature of the system increases when the
magnetic field is applied and decreases when the
magnetic field is omitted.
Advantages and Disadvantages: The magnetic
refrigerution system has some remarkable
advantages over traditional combined cycle
refngeration sysiem.

*  Well compatibility with the environment
und eco system,

» Relatively high efficiency.

*  The flexibility of technology.

* Keeps contimwous cooling cycle and
eradicate bacterial development
efficicntly.

e Low running and operating cosi.
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As every coin has two sides, this technique also

possesses some drawbacks to be worked on,

» The rudimental investment is more as
compared with conventional refri goration.

e As magnctocaloric materials, the rare carth
muaderials have oulslanding performance. In
this regard their availability as well as high
price also becomes a disadvantage

BUET PHYSICS BULLETIN
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Fig. 1: Schematic diagram of magnetocaloric effect cycle.

Conclusion: Worldwide & lot of research and
publications have been done extensively on the
amelioration of magnetic refrigeration technology.
In Bangladesh, many renowned universities as well
as research institutes are also doing research works
to develop eofficicat and comparatively less
expansive magnetocaloric materials. Such type of
advancement is very promising and suspicious in
the currcnt backdrop of Bangladesh. Finally, the
adaption of this covironmentally friendly
refrigeration technology will adequately coatribute
a lot to ensure a healthy, pollution free and liveable
civilization.



Eaming & Master's degree was not a goal that
crossed my mind twenty years ago, let alone
sttending university in general As an
undergraduste student in a university, 1 did pot
view the importance of research as | do today.
Gradunting with a very good result, | felt the
acadcmic routc was not the path meant for me 1o
travel, Primurily the goal of life was to be a public
scrvice cadre that the most of us to, Having a bnght
academic result throughout the level of studics tll
my gradustion directed me to teaching profession
and my friends and family convinced me and
belped me o change the course of my life, Once
joined, 1 was guickly immersed into my teaching
profession. | looked forward to engrossing new
information daily, and ofien found mysell
knowledge. information daily, and often found
myself understanding unassigned episodes for my
own knowledge. Afler various academic and work
experiences in my last few years of teaching I
began 1o question my commitment lowards my
oniginal goal. As | realized, education is one of
the few sectors that continue to sustain its
importance regardiess of the world condition. In
fact, history proves that in any incident that
befalls someone’s world, education helped him
bounce back and be on his foot again. This is the
pertinent reason why employment after
graduation from studies was oot the ooly
ultimate goal for me rather, | desired 1o pursue
postgradunte study., The desire shapes into
reality after getting sdmission in BUET for
M_Phil. progrum leading to PhLD.

As an aspiring postgraduate student, | tried to
clutch the mindset that the journey of knowledge
is u perennial process. Therefore, after completing
the degree, | did not think that the journey to
knowledge has ended. Instead, | realized that the
undergraduate study has equipped me a bit with
the fundamentals or keys at hands to unlock the
doors of knowledge and to be awed by its hidden
tressure.

My Journey in BUET: A New Era of Life

Dr. Farhad Alam, Former Ph.D. student, Department of Physics, BUET
Associate Professor, Department of Physical Sciences, Independent University, Bangladesh.

With the koys entrusted, 1 started transforming my
role from a knowledge seeker to a knowledge
worker. As an individual parsuing a postgraduate
dogree, | was trying o be oquipped with the
updated method of sourcing knowledge, 1o leam
updated theories und principles that explain the
oaturc of the knowledge that I want to be
specialized in,

Throughout our lives, we will encounter different
people that will leave imprints in our career. The
person that | am sharing with you is someone who
inspired me a lot in my journcy of BUET, Prof.
Dr. M. Ali Asgar, an cminent scicntist and
mentor. Actually, we grew up in our boyhood
watching his scientific program in BTV and in
different clectronic and print media. His science
club “Khelaghor™ was an initiative to make
science popular to everyone particularly to the
children. As a science lover, | was also fascinated
to Prof. Dr. M. Ali Asgar. In tny M. Phil. program,
I showed keen interest in magnetism and wanted
to work with him as he developed a state of art
laboratory with all the facilities 1o prepare and
characterize magnetic alloys, ferrites, magnetic
thin flms, amorphous magnetic ribbons and
nano-structured malerials in collaboration with
the University of Hanoi, Vietnam, through the
support of Inlernational Plant Propagator's
Society (IPPS). Experimental facilities have been
developed jointly with Australian Electoral
Commission (AEC) for the study of primary and
secondary intringic magoetic properties and
structure dependent properties for the basic
understanding of co-operative magnetism and the
technical magnetization process in different
magnetic media and to develop hard, semi-hard
and soft magnetic malerials for technological
spplications, Once 10 & moming, with a brave
heant | siood in front of him and expressed my
disposition. In reply, he just told me with a
smiling face “magnetism is little bit tough. Can
you cope up with it? You need 1o work hard”.
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I assured him, I'll try my level best and my joumey
began. 1 was amared with his personality, his very
cool und smart tlk, his way of dictstion. T never
found him to underestimate his pupils and that
boosted up us 1 be more responsible, more regular
with our sk He gave me always that space to
discuss many things despite of being a jumior
facalty in a newly bom private university, He
taught me how t© do research with perfection, to
write & good quality proposal and to stick on the
work, He always advised us 10 be loyal 1o the family
ond friends, never o lose hope. | successfully
compleled my MPhil degree with so many
glorious memories with him. In this period, | came
across few of my faculties namely: Prof. Dr. Giss
Uddin Ahmad, Prof. Dr. Mominul Hug, Prof. Dr.
Md. Abu Hashan Bhuiyan, Prof. Dr. Nazms
Zaman, Prof. Dr. Jiban Podder, Prof. Dr. Md. Feroz
Alam Khan. They were very generous to deal with
the students whomever they were attached to. It
pleased me 2 lot that they never treated the students
with the political or religious colors. One thing ]
must mention, in the year 2001 1 sat in front of a
board for & faculty position in a leading private
university and was selected for demonstration. 1
saw Prof. Dr. Mominul Huq sir at his office and
requested him to check once the handout T have
prepared for demonstration. He went through the
topic rigorously and asked me to demonstraie that
in front of him. | demonstrated four times in front
of him at his office and | could secure the highest
point in demonstration. Though [ was a student of
Prof. Dr. Ali Asgar but Prof. Dr. Hug sir never
opposcs me to assist. It reflects their gencrosity and
respect to each other. 1 have also many glorious
memories with the other faculties. My second phase
of research, Ph.D. program started with a slightly
differcat (opic under the supervision of another
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frontier in materials science in Bangladesh, Prof.
Dr. A. K M. Akther Hossuin. In my M.Phil
program, [ worked with amorphous ribbon but in
Ph.D. program with crystalline material. This
time my journey was not that smooth as I had the
responsibility of my own family then along the
official responsibility. T could complete the
theory part on time but to fix up the topic and
prepare the proposal was very crucial for me in
the pew ere. In BUET before submitting the
proposal we had the opportunity to choose a topic
and prepare the samples for charactenzation that
actually belped us to finalize the proposal with u
very good title. This work pressure led me to stay
there in the Solid State Physics (SSP) lab day and
night. Somehow, I could manage one or rwo
months in & year to spend the whale period in the
lab to excel my work. It gave us an opportunity to
form a group of researchers und a huge output in
our work. Despite of bhaving the sufficient
logistics in the lab, this culture of staying in the
Inb with the spproval of the suthority is stll
ongoing in the lab. After lots of sceaps, finaily 1
could accomplish the mission of my PhD.
degree. Many pew oppormunities  [fike,
Nanoscieoce and Nano lechnology, Meteorology,
Biophysics, Crystal growth, Medical Physics
have beea introduced in the Physics Department
technological supports. Lots of memorics with
my fellow researchers those who worked with me
in the Jab. I can't help but mention few names:
Hamid, Belal, Mashbub, Bablu, Lutfor,
Mginudiin, Momin, Ruksana, Marmum, Awizar,
Ruhul and so muny. Most of them are doing great
in their own places and glorifying each and
everyone's affiliation. Where ever we are, BUET
will always remadn in our core of the heart.



Development of Nanomechanical Piezoresistive Sensors Using
MEMS Technology

Dr. Md. Abdul Momin, Former M.Sc. Student, Department of Physics, BUET
Department of Bioengineering, Swanson School of Engineering, University of Pittsburgh, USA

Nanomechanical piczoresistive  sensors  are Fabrication Process of MEMS Picroresistive
Microelectromechanical Sysiem (MEMS) devices Sensors:
that use the piczoresistive cifect © conven

mechanical stress into an electrical signal at the  ° Devigning the device and developing the
smiicro-meter scale (Toda et al. Sens. Act. B, 2021). B rSoii “The, Giatgsies. pecee
These sensors are fabricated using microfabrication Tciudcs seneor dasign, Wtk dong, ¥
tochnigues, such as photolithography and etching,  « Musk fabrication: As the MEMS process
deposition, to create structures with dimensions on inclodes different types of photolithogruphy,
the micro-meter scale (Amato et al, Faraday eiching, deposition, and other processes, we
Trans. [, 68, 1998). This gives them high need 10 fabricate mesks 10 cover unwanted
scusitivity, high resolution, and low power areas during photolithography. Mask can be
consumption.  Nanomechanical  piezoresistive fabricated using a different method. Cr masks
sensors can be mmde using various materials, can be fabricated using laser lithography;
including silicon, SO1 wafer, silicon nitride, and photo masks can be fabricated using
silicon carbide, depending on the spplication and conventional photo musk maker instruments
the required properties. Depending on the where fluorescence light is used.
application and desired mechanical response, they

can have different forms, such 28 beams,

cantilevers, membranes, elc.
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After Si0y etch After Au Sputter
Fig. 1: Some of the photos of the microfabrication process.
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» Photolithography processes: After cleaning o

the wafer using different cleaning processes,
these are beated st 145 °C for drying. OAP is
deposited on the sample us an adhesion layer
using spin coating. Then different types of
photoresists are deposited on the wafer using
spin coating. The rotations per minute (rpm)
of spin coating and the demsity of the
photoresist can be different depending on the
minimum area of the design of the devices.
These wafers are post-baked at 110 *C. Then .
the wafers are exposed to UV light using a
SUSS mask aligner and finally developed
uting different developing chemicals,

Different types of wetching process: For
fabricating the devices, differemt types of
etching processes are needed, including dry
ciching) ICP-RIE is the most used dry
lechnique for eiching Si using plasma CCP-
RIE is another dry etching technigue thal can
etch Si0;, PVDF, and other insulating
materials. Different metals, like Au, Cr, Ag,
eic, can be eiched using wel chemical
etching. 510; can be etched using a wet etch,
like the BHF process.

process, Si0; can sometimes be deposited on

Doping procews: Doping of the Si wafer is
one of the most importan! processes in
fabricating a piczorcsistive device. Boron or
Phosphorus can be injected into the Si wafor
using an ion implantation instrument. After
jon implantation, the wafer is annesled at over
1000 *C to defuse the ion on the surface of the
wafer.

Packaging: Alter successfully fabricated, the
sensors are prepared for cvalustion, The
sensors are banded on Au-coaled ceramic
cases, and the electrodes are connected to the
pins of Auv-coated cemamic cases. The
clectrodes are connected using a flip-flop
wire bonder.

Evaluation of the sensors: After preparing the
scnsors, these arc connccted to custom-
designed circuits and got the signal using an
oscilloscope or a compuler, The gas sensors
are evaluated using & gas flow meter system,
cantilever-type scusors arc evajuaied using a
laser Doppler system, and pressure sensors
are evaluated using a pressure gauge system.
These sensors can be used in chemicsl and
gns sensing to detect small changes in
chemical concentration oOr gas pressure
(Momin et al. proceeding st MEMS conf.,
Tokyo, 2022).

the Si wafer as an isolation layer. S10; can be
doposited using Plasma-cohanced TEOS
CVD, LP-CVD, Plasma-enhanced SiN CVD,
PMasma/ozone TEQS CVD, ete. The most
used metal deposition processes are RF
magnetron sputter, ECR jon beam sputter, etc.

in panorobotics and panomanipultion to control
the position and motion of small objects st the
nunometer scale. These can also be used in
quanium computing to detect small changes in the
position or motion of qubits, the basic units of
guantum information.




Second-generation solar cells are known as thio-
film solar cells (TFSCs). TFSCs have multiple
thin-film layers of photovaltaic (PV) materials.
Because of this, TRSCs wre also addressed as
Thio-film photovoltaic cell. In the decade of
19709, some researchers of the Institute of Energy
Conversion at the University of Delaware, United
Statcs, were introduced initially o TFSCs. Early
in the 21st century, the thin-film photovoltsic
market wis developing at an incredible rale, and
it continned increasing because of froquent
technological advencements.

TFSCs are made up of micron-thick pboton-
absorbing material layers that are placed on
flexible substrates such as glass, plastic, or metal.
These are intended to coovert light energy into
electrical energy (through the photovoitaic
effect). The thickness of TFSCs varies from a few
nanometers (om) to tens of micrometers (um).
Consequently, TFSCs are significantly thinner
than the other modem technology, the traditional,

Thin Film Solar Cells

Meherun Nesa, Former M Sc. Student, Department of Physics, BUET,
Lecturer in Physics, Dept. of EEE, Green University of Bangladesh, Dhaka

first-generation crystalline silicon solar cell {c-Si).
Wafers of c-Si solar cells can be as thick as 200
pm. Strong light-absorbing materials are chosen
for deposition, most frequently amosphous silicon
{a-8i), cadmium telluride (CdTe), and copper
indivm (gallinm) di-selenide (C1S or CIGS). Due
o their suitability for deposition over broad
substrate regions (up to 1 meter), these materials
enable high-volume fabrication, Amorphous
silicon TFSCs wre less expensive to produce than
traditional cells because they utilize less Si, while
CdTe ar CIS cells also have reduced material
costs, These flexible and non-ussembling cells can
be used in » varicty of applications.

In the 1980s, watches and calculators used small
to their flexibility, which makes it casicr to place
them on curved surfaces and utilize them in
applications have significantly expanded in the
early 21* century.
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Thin Films: Deposition Mechanism and Methods
Selina Akter Lucky, M.Sc. Student, Department of Physics, BUET

In this twenty-first century, il is pretty impossible
to think of a moment without modemn technology.
Technology has played an important role in
madern clvilization, which is greatly connected
with matter and mulerials. Though we are
spending for a comfortable life, researchers do not
stop discovering new findings. To make life
casier, the research on materials rises day by day.
in modem days, thin film bas gained a great
intcrest in the world of scientific rescarch,
Technology and understanding of films have
advanced wemendously in the most recent
decade, predominantly due 1o the demand of
reliable thin film in microelectronic device-based
enormans scientific trust in using thin films for
fundamental and applied research, Moreover,
rescarch on thin flm progressed in many new
arcas of Solid State Physics and Chemistry, which
is related (o the geometry, thickness, and structure
of films, Depending on the different properties of
films, wmpplications may wvary. Solar cells,

devices, photocatalytic, photodetectors, batteries,
elc. are the most common applications [Donald L.
Smith, McGraw Hill Professional, 1995].

The solid material is referred to as a thin film
when il is deposited as a layer of thickness in the
mnoge of micrometer 10 napometer onto solid
suppart known as substrate. They are deposited
onto bulk materials (o achieve propertics that are
not easily svailable in the substrates alone. The
basic technology of the integrated-circuit industry
depends on multiple layening that is combined
with lithographic patterning. Generally, films are
uniformly deposited on the substrate where there
is a strong adhesion betwesn deposited atoms and
substrate atoms, They exhibit linear temperature
edge covering having selective crymalline and

non-crystalline phases. Thin films are low-cost,

A
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stable in high temperatures, and miniature,
comprehensively beneficial in semiconducting
applications.
Deposition mechamism: The structure and
properties of thin films rely on the formation
mechanism. Flm formation has two parts-
nucleation and growth mechanism. Thin films
are grown via condensation of atoms from either
the liquid/melt or vapor phase of a starting
material called precursor. Since the subsurate is a
different material than the precursor, imposing
precursor atoms are imitially adsorbed on the
substrate surface. Condensation is ariginaied by
creating small-scale clusters of the atoms
adsorbed. Theae small-scale clustors thon act as
the primary ceniers of condensation. When an
stom's kinetic energy is lower compared to the
encrgy required for  desorption,  thermal
sccommodation occurs by donating its sdditional
encrgy via lattice vibration of the substrate,
causing adsorption of the atom. Because of the
forces like surface tension and cupillarity, the
adsorbed atoms combine to form small clusters
which are unstsble. These unstable small clusters
are expected to be desorbed if they do not attain n
specific crtical size related to a particular
substrate temperature. After gaining the critical
gize, they keep producing stable condensates,
Critical size or radius means the minimum radius
for which oucleation starts to grow. Finally, the
growth mechanism takes place. The structure of 2
film and bence its propertiss can largely be
attributed to the growth procedure, which has
fundumental significance in the scicnce and
technology of thin films. Typical growth festures
of thin film are shown in Fig.l. Vanous
cxperimental stucies revealed three fundamental
modes of nocleation: Island growth, Layer
growth, and Island-layer growth. Island or
Volmer-Weber growth appears when the growth
specics are more closely bounded to cach other
than w the subsirate. Consequent growth
generates islands that coalesce 0 develop a
continnous film. In layer or Frank-van der Merwe



growth, the growth species are more likely 1o be
stiached to the substrate than to each other,
resulting 1o the formation of the fint monolayer
prior o the deposition of a second layer. An
intermediate situation happens in the island-layer
or Stranski-Krastonov growth. In this growth
process, strain is adapted in a layer-by-layer
growth region up 1o a certain critical thickness,
This region is called the wetting layer [Oum er al.,
in Surface Science. Adv. Texts Phys., Springer, 2003}
For thicknesses higher (han the critical thickness,
it becomes energetically advantageous to release
strain energy at the cost of surface energy by
nucleation of islands on the top of the wetting
layes. Such a type of growth usually engages the
siress crealed during the development of lhe
ruche.

parons, and highly pure thin films, solution-based
deposition methods are being popular dey by day.
Because both PVD and CVD methods are
generally complex, sophisticated, expensive,
nead high substrate temperature, and produce
toxic by-products during the deposition process.
On the other hand, solution-based deposition
techniques consist of a simple and low-cost
cxperimental sctup. In a  solution-based
deposition technique, it is possible to deposit thin
ffitns ot relatively low substrale temperatures
without amy requirement of vacuum; deposited
flms are reproducible and have smple surfice
area coverage.

Chemicel bath deposition: Chemical bath
depasition (CBD) ts the method that generates
films of non-metallic, solid inorganic compounds
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Fig. 1: Thin film growth features.

Deposition methods: Thin films can be deposited
on o veritics of substrates using different
methods. Classification of thin film deposition
methods are represented i Fig 2.

Solution-based thin film deposition: Though

physical vapor deposition (PVD) and chemical
vapor deposition (CVD) produces uniform, less
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on sobgtrates by submerging the substrate (once
or several times) in & precursor solution. The
film's growth rates, structures, and properties
depend on various parameters such ss pH and
concentration of the solution, temperature (below
100 °C), ectc. Motal salts and chaloogonide
(Sulfides, Seclenides, Tellurides, and Polonides)
precursors are dissolved in water to form an
/"
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aquecus solution. The solution containg metal and
chalcogenide jons. A substrate s dipped into the
solution, which plays the role of a catalyst to the
nucleation, then the precumsor ions adhere to the
substrate forming a thin crystalline film. The
method is coavenient and less expensive for
large-area deposition and can twne thin film
propertics by adjusting and controlling the
parmelers.

Dip ecoating: Dip Coating is & technigue that
refers o the immersing of the substrate into a
chemical solution, withdrawing from the
solution, allowing draining, and finally, drying or
baking. Uniform and high-quality flms are
deposited  where  self-assembly  provides
monolayer thin films. This is a low-cost coating
technigue in which layer thickness can be casily
adjusted. The neatness of the substrate, submersion

Sol-gel method: In the sol-gel process, a sol is
prepared using different colloidal solutions mixed
with an organic solvent. This sol is combined with
slow-rate water to make alcogel, then the slow
removal of solvent gives the required film after
sintering. The films produced by this method ure
uniform and highly pure. Organic-inorganic
hybrids thin films can be casily fabricated af low
There are two sol-gel methods used for film
preparations; they are (i) spin coating and (ii) dip
couting.

Spin coating: Spin coating is a process of forming
a film onto & substrate in which a liguid solution
is positioned ot the centre of the circular surface
and is speedily rotated to grow & uniform flm.
Film propertics depend on the viscosity of the
liquid, surface tension, spin process parumeters
(rotation speed. acceleration), drying mie, fume
exhaust, eic,
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Fig. 2: Thin film deposition methods.

time, substrate-withdrawal speed, number of
dipping cycles, composition and concentration of
the solution, temperuture, environmental

humidity, etc., are the parameters that affect film
formation in this techmigoe.

Spray Pyrolysis: Spray pyrolysis (SP) is a low-
cost, ximple method requiring only a liquid
source, atomizer, and heated substrate. In the SP
method, two reactions are involved. One is
hydrolysis which occurs during the preparation of
the solution, and another is pyrolysis which
occurs at the surface of the heated substrale.
During the SP process, the spray droplets sre
carmied toward the beated substrute vin the
atomizagion process. The droplets splatter on the
substrute surfece, and a veaction takes place,
leaving behind the film as a precipitate. The
deposition parameters which influence the

properties of the films are substrate temperature,
the flow mte of the camier gas, the substrate o




nozzle spacing, droplet size, the cancentration of
the solution, flow mate, etc. Unlike the other
solution-based techniques, it has a major benefit
that the deposited films adhere to the sobstrate
very micely without sny post-deposition heat
trestment like aonealing. Another major
sdvantage of this technique is that relatively less
time is required for the deposition of the films.
This is an efficient technique to produce dense
und porous films with good control over
composition,  crystallinity, and  surface
morphology.

However, solution-based deposition techniques
have some disadvantages, too, One of the major
disadvantages is the possibility of unwanted
contaminations and defects, These mostly occur
because of the film growth in an open atmosphere
(without vacuum) and lack of proper optimization
in deposition conditions.

Summary of Nevel Prize: The five awards
collectively referred to as the Nobel Prizes are
presented to those who, in the words of Alfred
Nobel's 1895 boguest, bad conferred the groatest
value 1o humanity dunng the course of the
industrialist Alfred Nobel is well known for
creating dynamite. In 1896, he perished. In his
will, be specified that the creation of five prizes
that would come to be kuown as Nobel Prizes
should be donc with all of his remaining
realizable assets. The first Nobel Prize was
awarded in 1901 [hitps://www . nobelprize org/].
Nobel Prizes are awarded in the disciplines of
physics, chemistry, physiology or medicine,

21

Nowadays, improvisation of solution-based
deposition setups is being done considering
various aspects of the methods to overcome the

disadvantages.

Thin film-based research is one of the most
aetractive fNclds o scientists nowsdays,
Applications of thin films are spreading out in
various flelds of modem technology. The
propertiey of thin films are importunt for deciding
the application, and the property of a film is very
much dependent on the deposition method. Thus,
it is pecessary (o choose the deposition method
according to the requirement of the application
purpose. Low-cost film deposition methods like
solution-based tachniques can reduce the device
fabrication costs and make research easier for the
scientist of the whole world, especially for those
who work in a low or mid-low incoming country.

A Brief Discussion of Novel Prize in Physics in the Year 2022
Monira Sohel Eva, M.Sc. Student, Department of physics, BUET

The Nobel Prize for Peace is awanded o the
individual who has donc the most or best to
develop fellowship among nations, the
elimination or reduction of standing armies, and
the formation snd support of peace congresses,
acconding to Nobel [https://www. nobelprize arg/].
The Alfred Nobel Prize in Economic Sciences,
which Sveriges Riksbank funded in 1968, will
likewise be established under the direction of the
Nobel Foundation [https://www.nobelprize.org/].
Most people agree that Nobel prizes are the most
distinguished bonors offered in their disciplines.
However, sccording to the recent view, the briel
of the Novel prize in Physics in the year 2022 is
discussed in this article.
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The Significance of the 2022 Nobel Prize in
Physics: The long-awsited public acknowledgment
of experiments thal support (he theoretical elements
of a key gquantum physics phenomenon. Three
experimental physicists have been given the 2022
Nobel Prize in Physics for their foundstional
misundersianding reganding the structure and
application of guantum theory. Alasin Aspect
(Université Paris-Saclay and Ecole Polytechnigue,
Palaisesn, France), John F. Clsuser (Walnut Creek,
CA, USA), and Anton Zeilinger (University of
Vienna, Austria) were nominated by the Royal
Swedish Academy of Sciences for the 2022 Physics
congratuiations! The shont biography of the Novel
prize winner in Physics 2022 is shown in Fig. 1.

The intangible consequences of quamtum
mechanics are starting o find applications.
Research inlo quantum networks, compulers, and
secure quantum encrypted communication is now
being conducted in a variety of fields. A key
component of this development is the shility of
quantum physics to allow for the coexistence of
two or more particles in an entangled state. When
two particles are entangled, their actions have an
impact on one another even when the particles are
far apart. It has been hotly contested for & very
long time whether the correlation was brought on
particles in an estangled pair whose result they
should produce in =n experiment. The
mathematical incquality that bears John Stewart
Bell's name was developed in the 1960s.
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The Contribution of Quantum Information by the
Winmers: Alain Aspect, John Clauser, and Anton
Zeilinger have camried out ground-breaking
rescarch utilizing entangled quantum stales, in
which two particles behave a8 a single unit even if
they are separated. They opened the way for
revolutionary quantum mformation-based
technology with their discoveries.
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“for experimenis with entangled photons, exiablishing the violation of Hell inequatities and
plonecring quantuwm information sclence”

Fig. 1: Novel prize winner in Physics 2022 with their short biography |Source: Internet].
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This suggests that if there are hidden causes, the
correlation between the results of several
measurements will never be higher than a
particular number, However, Bell's inequality
will be defied by a cortain type of experiment in
quantum physics, resulling in & stronger
relationship than 1s normally imaginable.



Afler o record-breaking mission, traveling more
than approximately 2.25 million kilometers on the
path sround the moon, NASA's Orion spacocruft
returnied safely to earth and splashed down in the
Pacific Ocean, completing the Artemis | flight
test,. Which was the final milestone of the
Artemis-1 mission that began with a successful
lift off of NASA's Space Launch System (SLS)
rocket on 16 November 2022 Fig.l s a
photograph of space mission sent 1o the moan.

Artemis: A New Chapter in Human Lunar Exploration
Md. Khokon Miah, M.Sc. Student, Department of Physics, BUET

for three bours. They did experimeats. They
picked up bits of moon dirt and rocks. They put a
U1S. Nag on the moon. They also lefl a sign on the
moon. Then they retumed 1o orbit and joined with
Collins. On July 24, 1969, all three astronasuis
returned safoly to Earth.

After the Apollo mission, the Artemis mission
will be the first crewed moon landing mission.
This mission is a series of opgoing space missions
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Fig. 1: Mission - Sending Humans to the moon knd beyond [Sowce: [ntemet].

It was 1961, when John F. Kennedy wanted Lo
land humans ob the moon. Apollo 11 blasted off
on July 16, 1969. Neil Armstrong, Edwin Aldrin,
and Michael Colling were the astronauts on
Apollo 1]1. Four days later, Neil Armwtrong and
Edwin Aldrin landed on the moon. They landed
on the moon in the Lunar Module, Michael
Caollins stayed in orbit around the moon, He did
experiments and took pictures. On July 20, 1969,
Neil Armstrong became the first human to step on
the moon. Armstrong and Aldrin walked sround

run by the National Aeronsulics and Space
Administration (NASA) and collaborated with
commercial companies like SpaceX and Boeing.
Three Arternis missions are currently in progress
namely Anemis-1, Artemis-2, and Artemis-3.

Artemis-1: Artemis-lis » test flight uncrewed
mission. Which has already been completed on
11 December 2022, This uncrewed mission was &
comprehensive test of the Space Launch System
(SLS) mnd the Oron module. SLS is the most
powerful spacecraft ever built-in history, Which
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was 15% more powerful than Satum V (used in
the Apolio mission) that first ook astronauts 1o
the moon. This mission was designoed 1o broaden
our lunar knowledge, which will help to make
further technologies more exquisitely. Also on
this mission, there were three spucesuils
(moonikins). These spacesuits were wom by three
mannequins which will be used in Artemis-2 and
Artemni-3 by real astronauts. Different types of
scnsoni were placed all over the spacesuits o
provide information on what buman crows may
face during the next flight,

Ariemis-2; Arntemis-2 is a crewed flight beyond
the moon, which will take humans the furthest
they have ever been in space. But it will not land
on the moon. Most probably this mission will
carry four astronauts. For the first time, it will
carry female and astronmuts of color to the moon.
They will fly by SLS rocket beyond the far side
of the moon. After completing the lunar fMight
they will come back to earth. On avernge this they
will come back to earth. On average this mission
will take eight to ten days and will collect
valusble daia for the final mission,

Artemis-3: srtemis-3 will be the first mission
since the Apollo mission to land humans on
moon. Four sstronauts of Artemis-2 will dock
with the lunar gatewny (@ small space station
orhiting the moon) with the Ordon module and
remain in space for 30 days. Amoog the
astronants, two of them will land on the south pole
of the moon. They choose the south pole of the
moon because this region has never been visited
by humans. The astronauts are expected to spend
onc week on the surface of the moon. During this
time they will perform a variety of scientific
stdties, including sampling water ice which was
detected in 1971 during the Apollo mission. The
objective of this mission is to pave the way for the
future decp space mission. Also, equality will
stand as it will send the first woman and first
person of color on the lunar surface. Artemis aims
1o sct up & base for the next mission and extract
more knowledge shout the moon. This series of
missions will be able 0 retrieve samples more
extensively than the Apollo era. This mission will
help o discover water and other minerals for both
scientific and economic purposes. This will be the
first step to sending humans to Mars,
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ADMISSION NEWS

Department of Physics, BUET is a well-recognized
seminary for studying postgraduate Jevel Physics in
Bangladesh. This Department offers three
postgraduate degree programs- M.Sc., M.Phil., and
Ph.D. Genemally, students are admitted w0 these

programs in either April or October postgradisate

semester in every academie year. The admission
notices are served on the website of BUET
(http://pgadmission.buet.ac.bd/). The admission
detzils wre also availuble on the website of
Department of Physics (htps//phy.buet sc bd/).

DEPARTMENTAL NEWS

Faculty of Science: A New Facully at
BUET

Faculty of Science started its journey in BUET
from 12 May 2022 with the approval of University
Grant Commission (UGC) of Bangladesh. This
faculty consists of the three royal departments of
BUET, namely Departroent of Physics, Department
of Chemistry and Department of Mathematics.
Earlior, these three departments were functioning
under the Faculty of Engineering, which was split
into Facuity of Chemical and Malenals
Engineering and Faculty of Science. Professor Dr,
Md. Abdur Rashid, Department of Chemistry,
BUET was sppointed as the first Dean of the
Faculty of Science on 17 July 2022. Professor Dr.
Jiban Podder, Department of Physics, BUET is
currenily working as the Deun of this [sculty.

Achicvement of Faculty Members

Prof. Dr. Jiban Podder served as a visiting professor
in the Deparument of Chemical snd Biological
Engineering, University of Saskatchewan, Canada
from October 2021 1o September 2022. Prof, Dr.
Mohammed Abdul Basith has been clected as a
Fellow of the Institute of Physics in October 2022,

Inaugral ceremony of 1 International
Conference on Fronticrs in Science, ICFS-2022

Faculty of Science, BUET Organized Its
First Conference

1* International Conference on Frontiers in Science
(ICFS-2022) was organized successfully by the
Faculty of Science, BUET dated on 11 - 12
November 2022, This conference was conducted in
hybrid mode. More than 200 papers from home and
nbroad were presented among which 43 oral and 23
poster papers were presented from  Physics
discipline. The conference was enlightened by the
presence of distinguished academmicians and
cordially appreciated by reputed scholars in the
field of scicnce and technology. The conference
ended up with a very lively cultural program
participated by the students of this Faculty.

Conference on Crystallography

Depariment of Physics, BUET and Bangladesh
Crystallographic Association jointly organized the
7" Conference of Bungladesh Crystallographic
Association at BUET dated on B - 9 December
2022. The conference was conducted in & hybnd
mode. About 70 lectures including keynotes,
plenary and invited talks and contribulory papers
were presented in the conference.




Degree Awards and Publications

M_Phil. and Ph.D. programs were started in 1982 2 M.Sec. degrees were awarded in 2022, The
and M.Sc. program was started in 2014 in the department publishes a fair number of scientific
Department of Physics, BUET. So far, 52 Ph.D., papers in wellacpuled peer reviewed journals
250 M Phil. end 72 M Sc. degree were awarded overy year. Till 2022 the number of papers
from this department during the lest 40 yoars. published is about 830, among which 34 are
Among these, one Ph.D., one M Phil. and five published in 2022 only.
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Teaching Assistantship and Postgraduste
Fellowship Awardees in 2012

In April 2022 semester 12 post-graduate students
roccived Teaching Assistantship (TA-ship) while 4
students received PG Fellowship from the
Department of Physics. In October 2022 semester, 13

students got the TA-ship and 3 students obtained PG
Fellowship. The remuneration is 22 000 BDT per
month for TA-ship. Each of the PG fellows are
awnrded 30,000 BDT per month for M.Sc. program
and 45,000 BDT per month for Ph.D. program.

Fellowship Awardees
Semester: April 2012 Semester: October 2022

Name Program Name Program
1. Md Shehab Chowdbury M.Se. 1. Md. Abdul Wadud M.Sc.
2. S M Nuimul Mamun M.Se. 2. Mizanur Rahman M.Sc.
3. Salvin Mustakim M.Sc 3. Tawfika Nasrin PhD.

Teaching Assistantship Awardees
Semester: April 2022 Semester: October 2022

Name Program Name Program
1. Md Abdul Wadud M.Sc. 1. Ferdous Yasmeen M.Sc.
2. Mothnasin Tarck M.Sc. 2. Palash Dhali M.Sc.
3. Selina Akter Lucky M.Sc. 3. Md. Khokon Mish
4. Soursv Bhowmik M.Sc. 4. Tamanna Mostafs Sinigdha
S. lsmath Jahan Jeni M.Pml 5. Mahidul Islam Suman
6. Md. Moniruzzaman M.Sc. 6. Manisha Ahmad h
7. Dholon Kamar Panl M.Sc 7. Khalid Hossain M_Phil.
E. Md Asif Adib M. Sc, 8. MD. Malwabur Rahman
9. Teania Tabassum Hredy M.Sc. 9. Selina Akter Lucky
10, KM. Yamin Arafath M.Sc. 10, Md. Rasel Shikder
11. Mizamur Rabhman M.Se. 11. Soursv Bhowmik
12. Jannatul Ferdous Flara M.Sc. 12. Md. Abdul Owhah

13. Dholon Kumar Paul




Dr. Md. Abdul Momin has
recently been appointed as a
Posidoctoral  Scholar at the
Department of Bioengineering,
University of  Pinsburgh,
Pennsylvania, USA. He worked
as a postdoctoral researcher in
i" the Department of Mechanical
System Engineening, Tohoku University, Japan. He
schieved his Ph.D. degree from the Department of
Optoclectronics  and  Nanostrocture  Science,
Shizuoks university, Japan in September 2020. He
completed his M.Sc. degree from the Department of
Physics, BUET in June 2016 under the supervision
of Prof. Dr. Md. Abu Hashan Bhuiyan.

Achievements

A. H. M. Areel Billuh has
received  Japanese MEXT
scholarship from Japancse
Government for perusing his
PhD, degree at Yamagata
University (YU), Japan. He is
working as a research assistant
at the Department of Informatics and Electronics
Engineering, YU. His research topic is “clean
energy generation™. He got his M.Sc. degree from
Department of Physics, BUET in May 2016 under
the supervision of Prof. Dr. Mohammed Abdul
Basith.

ALUMNI NEWS

Md. Rana Hossain has
completed his M.Sc. from
Department of Physics, BUET,
in September 2018 under the
supervision of Prof Dr
Mohammed Abdul Basith. He
got the Japanese Government
(MEXT) scholurship for study
doctoral program in  Biocngineering, Osaka
University, Japan. He successfully defended his
Ph.D. thesis in October 2022. Currently, he is
working as a Specially Appoinied Researcher at
Osaka  University. His research  focuses on
developing interatomic potential for multiclement
ceramics ond alloys to swdy their plastc
deformation, mainly by dislocation, twining, and
kinking mechanisms,

Md. Shafiqul Iskam Mollik is
cwrently working as  a
Rescarch  Assistant &t the
Department of Physics, The
University of  Alabama
N Birmingham, USA. His Ph.D.
research is funded by the US
department of Energy. He is
conducting research on ultre-materials for pexi-
generation smart electrical grids. Specifically, with
phosphorous-doped diamond films 10 determine
their spectral resction to microwave power. He
schieved his M.Sc. degree from the Department of
Physics, BUET in July 2019 under the supervision
of Prof. Dr. Muhammad Rakibul Islam,




Rabeys Binta Alsm has sturted Urbi Shysmolima Orchi has
her PhD. program at Colorado enrolled in a fully funded
State University, Colorado, USA Ph.D. program with stipend at
from Fall 2022 semester. She is the Department of Phiysics and
working as a Graduate Teaching Astronomy, Ohio University,

Assistant in the Department of
Physics, Colorado  State her MSc. degree from (he
University. She completed her Departinent of Physics, BUET
M.Sc. degree from the Department of Physics, in June 2021 under the supervision of Prof. Dr.
BUET in May 2021 under the supervision of Prol Mobammad Abu Sayem Karal
Dr. Muhammad Rakibu! Islam.

Ohio, USA. She completed

Md. Hasive Ahmad has got
Graduate Teaching Assistantship
at the Department of Physics,
Colorado  State  University,
Colorado, USA mnd started his
Ph.D. degree program from Fall
2022 semesier. He completed his
M.Sc. degree in July 2021 from
the Department of Physics, BUET under the
supervision of Prof. Dr. Mubammad Rakibul [slam,
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“Learn from yesterday, live for today, hope for
tomorrow. The important thing is not to stop
QHEMH’}HIHg. o -Albert Einstein
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