90 231 Swigigh g Sl Ll JAiS (oS g o 40l o
O 23! Swigisd (559Ud g (cwikigo (il JAS o id

PO Y L) { Y

b liko (6 5lw yguazo b Lol douiezr Ky 50 (59 iUl &5 5> 3 Sl sLL p (450 w56
sy ilhas 5 (g9 e

u‘ﬁ su‘)a‘ Cxio g plc oKl ‘&J...e ouSlisls

(9l oalaBaiz purbline (g3leypmmme b Lodly aniz 5Slee Sl slalyial S dl (s o (ol B0 2008
ol 9 el 0 plomil caiboliie g (SO xSl slo o @395 9 Wiyg Sl a8 1o Judows (6l (slo, 3G (6 jldnds .un(RCMP)
45 483 oo 5 gl 20,5 o sl s (2 (S S acds 55k 5l Leadly 5 g oo S 1SS Loy S Jote
Ol a3 oo G331 700 B 1, g 2SIl (s5laimgame 08 wasly amiv Sl 5 oo VY aloll b i Jlee slal il ange olSe
Bl (Fib d5ete o Wlgi oo vl nl S sr (S9SN S 2L SRl g aoleas L by 28U 055 5 (20l sl (laser

Al S geio g lad sleo )5 sl Lty

csmlolise e o9 SIS o s (o lise (g5l jpame dowsdly doiiz 9 Sl S 0 jlgands’

The effect of the location of the intermediate magnets on the electron motion in a ring-cusped
magnetically confined plasma source

Ali Khosravi and Mostafa Salahshoor *
School of Physics, Iran university of science and technology, Tehran

*salahshoor@jiust.ac.ir

Abstract- The aim of this study is to investigate the effect of the middle magnet positions on the performance of a ring-
cusp magnetic confinement plasma source (RCMP). A single-particle simulation is employed to analyze the electron
motion and the distribution of electric and magnetic fields. In this model, electrons are emitted from a cathode, and plasma
is generated through a direct current (DC) discharge mechanism. The results indicate that the optimal position of the
middle magnets, at a distance of 12 mm from the base plate, increases the electron confinement efficiency up to 55%.
This configuration reduces electron collisions with the chamber walls and enhances the electron gun’s performance. This
research can contribute to the improved design of plasma sources for space and industrial applications.

Keywords: electron gun, electron trajectory, magnetic confinement, magnetic field, plasma source.
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[1] D.Rafalskyi, A Aanesland, “Briefreview on plasma
propulsion with neutralizer-free systems”, Plasma
Sources Science and Technology. Vol. 25, No. 4,
pp. 043001, 2016.
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Investigating the entanglement flux and the number of additional photons in a free space
channel of satellite quantum communications

Samira Kazemifard; Gholamreza Honarasa

s.kazemifard@sutech.ac.ir, honarasa(@sutech.ac.ir

Abstract- The field of communication in free space is the domain of communication technologies in which diffraction
and atmospheric effects both contribute to losses and noise. Quantum communication, which enables the secure
transmission of quantum information, is closely related to quantum key distribution, which provides efficiency in
entanglement flux and the generation of completely secure keys. In this research, to transfer information from the sender
(Alice) to the receiver (Bob), we investigated the entanglement and the number of additional photons. The results show
by increasing the size of the receiver aperture, the number of additional photons increases in TLO (Transmitted Local
Oscillator) mode and decreases in LLO (Local Local Oscillator) mode.

Keywords: Quantum channel, Quantum communication, Quantum information transmission, Quantum key distribution,
Quantum satellite communication
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Identification of Cutting Agent in heroin using Raman spectroscopy
Hanieh Khaloei, Seyed Hassan Tavassoli, Abul Hassan Mobasheri, Akram Ameli

1377hanieh908@gmail.com, h-tavassoli@sbu.ac.ir, mobashery59(@gmail.com, ameliakram90@gmail.com

Abstract- The addition of impurities to illicit drugs is a complex problem that requires the sharing of knowledge from
addiction, toxicology, criminology, and criminology studies. In this paper, Raman spectroscopy was introduced as a fast
and reliable method to identify impurities in heroin. A total of 20 heroin samples collected by the anti-narcotics police
from different areas of Tehran and Kerman were analyzed using a Raman microscope whose excitation wavelength was
532 nm. The results showed that this method can identify the common impurities of heroin (caffeine and acetaminophen),
which are added to them intentionally to increase profits.

Keywords: Analysis of illegal drugs, Raman spectroscopy, heroin, Cutting Agent
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Investigating the dielectric constant of nematic liquid crystal doped with multiferroic and
ferroelectric nanoparticles

Maryam Beigmohammadi Azizi*!, Mahsa Khadem Sadigh', and Jafar Poursamd bonab'
Department of Laser and Optics engineering, University of Bonab, Bonab, Iran

MaryamBeigmohammadi(@gmail.com, JPoursamad@yahoo.com, Mahsa.Sadigh@yahoo.com

Abstract- In this experimental work, the parallel and perpendicular components of dielectric constant (g) and (g1) for
nematic liquid crystal E7 and contaminated with two different nanoparticles, bismuth ferrite (BiFeOs) and barium titanate
(BaTiO3) were measured at different temperatures. The findings show a significant decrease in dielectric anisotropy by
introducing nanoparticles into the nematic liquid crystal environment was clearly observed for the two nanoparticles
mentioned above at a concentration of 0.1% by weight. Examination of the resulting data shows that the dielectric constant
of the nematic liquid crystal doped with a low percentage of nanoparticles can be controlled.

Keywords: Liquid crystal, Dielectric constant, Bismuth ferrite, Barium titanate
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Fabrication of gold-nickel surface magnetoplasmonic nanoparticles by ArF excimer laser
irradiation

Mohadeseh Arabi', Somayeh Panahibakhsh?*, Maryam Aliannezhadi'
"Faculty of Physics,Semnan University, PO Box:35195-363, Semnan, Iran

2Photonics and Quantum Technologies Research School, Nuclear Science and Technology Research Institute, Tehran,
Iran

Mohadeseh.arabi@semnan.ac.ir, spanahi@aeoi.org.ir , m_aliannezhadi@semnan.ac.ir

Abstract — In this paper, gold-nickel nanostructures were obtained by irradiating thin gold-nickel bimetallic film samples
with ArF excimer laser radiation with a wavelength of 193 nm and a time width of 15 ns. Irradiation was performed at an
energy flux of 70 mJ/cm? and with 10 laser pulses. FESEM images of the nanostructures, particle size distribution
diagram, optical absorption spectrum and Raman spectrum of rhodamine B in the presence of the nanostructures were
obtained. The results of this paper are important in plasmonic applications such as sensing and SERS.

Keywords: Excimer laser, Thin metal layer , Plasmonic nanostructure , nickel , gold
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Construction of a Flexible Perovskite light-emitting diode with Using poly(methyl
methacrylate)

Faezeh Talebifar, Ezeddin Mohajerani
Laser and Plasma Research Institute, Shahid Beheshti University, Tehran, Iran.

faezehtalebifarl377@gmail.com , e-mohajerani@sbu.ac.ir

Abstract- Perovskite materials with features such as high color purity, adjustable optical gap, and acceptability for use
in many electronic and optical devices, including light emitting devices, have received attention. Currently, various
methods are being developed to improve the surface and optical properties of perovskite transparent layers, including
polymer layers. In this paper, we succeeded in making an acceptable effect under 20 bending by using the structure of
PET ITO/ PEDOT: PSS/ PVK/ MAPbBr;/ PMMA/ Ag and poly(methyl methacrylate) polymer layer with a thickness of
1 um. The sequence retains its primary characteristics, including Electroluminescence.

Keywords: Perovskite, PMMA, Flexible Perovskite light-emitting diode.

IUST _ICOP2025_ Proceedings 040207 _MS.docx Yoo sIVFY axan



90121 SHigig g Sl gl AT oSy g o 406 Ao
Ol Sigigd (539U g wikign IS o aid

s oYl

(Sl 2l b — (G55 (oS 59 S ) L
15,53 Y0+ + ey LPETITO (g4, |, (PEDOT: PSS)
@ o, cile az 0 VY gles jo 5wl cols b adde
o V0 S e Ve 2lle L BVK) (kS
S g b ool il a8 )3 ye3 We e (432 b g IS
50D SOy aada ¥ ol 4y o5 il ax 0 VY. gles
Wlop e podgel hie Jolo 5l s S Voo adlel
N,N-)ousle 8 e (g8 D> 58 (39 a0 Y )(MAPDBr;)
L Sy Slad aY by, & ((Dimethylmethanamide
LY PVK 59y paili Ve Cooayadds jo 00 Y r Sy
Sy ol)F il a0 AD sles jo 4a 8o VO Sae 4 g Sl
4 w5 esliinl (g5 abse (Sl AY gy & (g lS (o
99 abge 4l p e (il ) Cepu Lol S O 90
Sae 4y 0,8 (6 ol ax 0 VO sles )8 e 9 053 o0 )15
39Sl lgie ds 0,8 sz Lol o 000 o0 Sy adBs Y-

b Slas Y auly 1Sy gy dawes oYL

LS 555 ol581 el (sl ) JSE 5 ou ool Lt Ll
u.:‘ Sl 0l oolawl (FPCLED)).:.\) Bllass! ‘5».5&.»9).)
] 00 ul.?b.l‘ 0 U“’)‘; )La—| 9 uLu).?ﬁ U""L’”")" )L»_‘>L~J

g S 5 o) 81 L5l Silas ) S
OY 5l eolaiuwl e (oo cdaline @Y S o 4T 4eSles
sob ol a5 0as EL Sy ol iol38l e L PMMA (6 50y

JoB gy pl el (ot 8 DLoS g S1ye 208

dodio

S o8 b b s e 9 slao 581 sy Sllasl
» Gl gy sleop)l5 Glp woly 5 Sk sl
Loes @L;.o Q—.'.‘ ] Sy Lgl.:ooli’;.wo 9 Lb)i.o sLb).i.{;}.‘t‘LQ.;
& 05 &9 ool 5 anenl gy (o oS L (ol
llanl 5 55 sl 1330 Lol ol jo [V ]y e
9 009 ).n.\.' Sllass! )L».m.n ‘).») IS GUwe. 1 DA.HS)bJ.m‘ ).n»
S92l b peizmen s (VL (S5, QL) g cenl S
LS L 511, o lih el wlaadlss w5 ls o5 S iUl

IV]oae0 15,1 S5 (osls 5 yoe Jobo

‘5)L».~.AJ 5 oolaul 6|).' o.)..l.lS)bA:.a‘ ‘S'L..»S).s ‘5’-},&*’5}' é‘}.‘o
Gl s quiSlggd  slaa¥  akz 3l b ae; )
bo,5iSSogisd o pdy Sllasil LS )58 (sloo 38l g0t )55
oy dex 3l 608 4 pamie Gl glls Blae cpl aiis
weas BB sl GBI g 00,08 zge Job o0gusme YU i
ol g b e il Jslowe jo sy 4 slge opl e
Collagp b Sy cnlaz 10,05 5L (VL los 4wl
sleaie; 5l gl jo eoliul gl 60,0,5 losls 4 1)

aY Sooa el bl sl 005 Jag mpe (Slidos
O 50 Jsd R g o She b pdy Sllasl colSas
TEY]ea oo Jge sla s

1 Grark 4Y Sy 5l eslil & il T 5 S b
2008 gage 2 pdy Sllasl LS 55 4Y plsS S5
PET ITO/ PEDOT: PSS/ ang ,tisls 51 ooliul b Lo (x|
J»M)GL Sy &Y 4 PVK/MAPbBr;/ PMMA/ Ag
0,38 S cle 4y Bhge ey S | Cuals b (LD S
O Vo 5l e &5 il pdy Sllasdl ey JonS )55
i ) adgl o) G Shy e Hlo ) glad b Jlge
S o

(TO) ) &8 08T L o siigy VLS 5 L3l L Y

S5 2y ol e g ool by e gl 15X 2 sl L 1)
Sl gl by el (oo et &Y 5 K
Ve Saealy ol goo,S o i) Al 0S| w9, 5
Jolore e oo 1,3 UV-Ozone olliws il cox adds

IUST _ICOP2025 Proceedings 040207 MS.docx

Voo JIVFY aan



90 231 Sigigh g Suil (i JAiS (oS g ow 40l Wio
/ﬁ O 21 Sigigh (5 59ld g wikigo il JiS ComodAID

s oYl

9 WS (oo L 1) 093 (SO Sl U9 205l st e
b oo sals EL Sy oo b > cis e oy Qi 3o

| Bend:1.8cm L nd

Intensity(a.u.)
i

om0 s s seo s 600
Wavelength(nm
gth(nm) (all

(<

0, i8] oS (o 5 Moo cslo i o EL logai (ill ¥ IS
ey Sllawil g S 50

Co oS gl 5y SBllasi] (5lSgy S 555 sl o33
SrSe e b 2 5l e S (o0 )13 e sl e
Jlna S Y alex o)l GlaaY maw s S s
g g0 0,381 5 Slos ralS cely aS 04 oo Slonl ColKug
S i oS PMMA (6 0y Y SO 5l ookl b Lo ] (o
5l 1yl gias cpl oo s Sl ols 5ol bl a0y
409> pj e $9y 2 ek ) &5 S50 (nl 4 pead s
e 3 (g5 JB 8L g 9d o0 Sy CSIeSy D90
135,250 (o oligS” L 5 53k (imad 5 o553 Sl
Sl ez Vo boyl38l 05 co Cely (s youdy 0¥ ol o jlo

S b 1) 095 o Slae (g0l 090> b

4 1) ooy iUl peditns e 5l (BU (s by b
Sguzme |y (Bl slays pSIl 32555 Bk 5l g Wil (o0 Pl
Olsie 4 gyl Y pl 00 5 0 Jol slx] g g 00,5
3o 35 Ble g 05 (o0 Joe b slael> 61 Blo S
VIS Gl 1) Gualgs (ol g, 59 9 99l g0 5l 0
S5 diles PMMA (6 ey Y 020 o0 Gil38l Sl o
Sy blae jo colugy AV 5l g aiS o Jos sladlbrs Y
Ole 4 S oo cadlre Jlgte byies Cod (S5
S 5 e ol Wi 55 55 4 5115 & 5o
S5 Pl 5 )l S > s o aSl S (e ZlaSlxe

Dl sogee LU
~——— With PMMA EL Curve

10000 - without PMMA Voltage=8v
3 o} f
s A
.é‘ - | lf‘.ll
7] "-k.
= |(| \
g *
£ \

" Il‘\k

om 450 500 m §00 650 700
Wavelength(nm)

116x10° - —=— With PMMA
& Without PMMA

100x10° |

Current(A)

siox10”® |

0 2 4 L] 8 10

Voltage(v)
(&

A ol S e ssalin & g WY SE 5 4 aisSilen
Yool o a5 s 4 05 e o5l sl L cely

IUST _ICOP2025 Proceedings 040207 MS.docx

Voo JIVFY aan



90 231 Swigigh g Sl Ll JAiS (oS g o 40l o
O 23! Swigisd (559Ud g (cwikigo (il JAS o id

PO Y L) { Y

[3] Wang, Z., et al., Encapsulation-enabled perovskite—
PMMA films combining a micro-led for high-speed
white-light communication. ACS Applied Materials &
Interfaces, 2021. 13(45): p. 54143-54151.

[4] Kumar, G.S., B. Pradhan, T. Kamilya, and S.
Acharya, Enhancing performances of hybrid perovskite
light emitting diodes with thickness controlled PMMA
interlayer. Bulletin of the Chemical Society of Japan,
2018.91(8): p. 1241-1248.

[1] Zhou, Y., et al., A brief review on metal halide
perovskite photocatalysts: History, applications and
prospects. Journal of Alloys and Compounds, 2022. 911:
p. 165062.

[2] Zhou, Yuanming, Sijiong Mei, Junjie Feng, Dongwei
Sun, Fei Mei, Jinxia Xu, and Xianan Cao. "Effects of
PEDOT: PSS: GO composite hole transport layer on the
luminescence of perovskite light-emitting diodes." RSC
advances 10, no. 44 (2020): 26381- 26387.

IUST _ICOP2025_ Proceedings 040207 _MS.docx

AR )IWAW



90 231 Swigigh g Sl Ll JAiS (oS g o 40l o
O 23! Swigisd (559Ud g (cwikigo (il JAS o id

PO Y L) { Y

=95 T (Fomwdiub 4 3L oy (S pw b Jelw (il gl p (S e S (2l
Tpollis yrolle Fasls (gapioz WL (BDlido§ oS dargd

U‘)‘" su‘).QJ NFPPd - AAA ;...v..\ de ‘QLM“/' ).5 oKl ‘&f.s L)’J)}Q—‘ 05; )
Sl 05 b, 3T o g olBiils sl pole 0aSiils oS5 5ub 05,5 T

Sl s oo Gl ) ol (o5t Jloil g atdls (Sl 25 55l 3190 50 o Slbpw Sl Jshe @50 4 (lulid — oS
ol S S 25l Il 50 el (gl 425 50 ol 0L 5 ozl et () plolid glaceS (b pslaie
s 3,515 Casloa 03ls sleiin 1) (652l 398 (s008 9 o) AlaS gy i (9> Ol (erre (Sl sl she £l
G295 ($9558 Hob yge Su 3 g5ind il slaghe 4y s Slb s slasle (655 CnSh oy 0 BB AL ond L)
dlie g (29,5 Ton e b I Lo JLSle (2 b 5o (295 g0 Sl eslitul sl oo )l (29,5 99 5 53959 Dy S b
2els> Galesl 4ol e 995 17,5 99 558 Dl DS g o0 05 o e (5, AT 555k 4 Sluse 5L o (7 9esb

.»bj..\

7955 b 16,9 CenSh o p2 (GBS sl (Sl Saz wsm 93 S9598 sla ok —ojlgunls

Design of a biosensor for detection of cancer cells without output wave spectroscopy
Fahimeh Karami-Garehgeshlagi', Kazem Jamshidi-Ghaleh?, Ali Asghar Mazloum?
! Department of Physics Education, Farhangian University, P.O.Box 14665-889, Tehran, Iran
2 Department of Physics, Azarbaijan Shahid Madani University, Tabriz, Iran

fa.karami@cfu.ac.ir, k-jamshidi@azaruniv.ac.ir, aa_mazloom@yahoo.com

Abstract- Early identification of cancer cells plays a vital role in many cases and increases the possibility of complete
recovery of the disease. For this purposes, the design of cheap, non-invasive and easy-to-use identification kits is of great
interest. In this work, the design of a kit for identifying different types of cancer cells, such as blood cancer, breast, skin,
cervical and adrenal gland cancers, has been proposed. The function of the presented sensor is based on the difference in
the refractive index cancer cells compared to healthy cells of the same type in a two-dimensional photonic crystal
waveguide with one input port and two symmetrical outputs. The use of two outputs in the design of the structure makes
us unnecessary from the output wave spectrometry and wavelength comparison. So that the selectivity of the wave
movement path and the difference in light intensity of the two outputs will show the result of the experiment.

Keywords: Biosensor, Cancer cells, Optical refractive index, Output spectrum, Two-dimensional photonic crystals
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Improvement of the lateral resolution of the photoacoustic imaging system with acoustic
resolution

Omid Gholami', Neda Aminoroaya? and Hamid Latifi'?
Faculty of physics, Shahid Beheshti University, Tehran , Iran, 2Laser & Plasma Research Institute

o.gholami@Mail.sbu.ac.ir, N_aminoroaya(@sbu.ac.ir, latifi@sbu.ac.ir

Abstract- Photoacoustic imaging is recognized as an advanced method for imaging biological tissues. While conventional
photoacoustic systems often provide lower detail due to limitations in lateral resolution, improving this resolution can
have a significant impact on clinical and research applications. The aim of this study is to enhance the lateral resolution
of a photoacoustic system with acoustic resolution for imaging biological tissues. In this research, the laser illumination
conditions were optimally focused through the tissue. The optimization of optical setup and the enhance the beam focus
led to a significant improvement in the system's lateral resolution. Using this method, the lateral resolution of the system
was improved to about 12 microns. Additionally high-detail images of the blood vessels in the ear of a living mouse were
captured. The results demonstrate the high potential of this method for clinical and research applications in biological
imaging. This achievement could help improve the accuracy and quality of imaging in medical and preclinical studies.

Keywords: photoacoustic imaging system , optical method , lateral resolution
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Antireflection and protection double-layer germanium-carbon coating on zinc supplied
substrate

Zahra Sofastaei!”, Akbar Eshaghi', Hossien Zabolian?
! Faculty of Materials Engineering, Malek Ashtar University of Technology, Isfahan, Iran

2 Faculty of physics, Isfahan University, Isfahan, Iran
* z.sofastaei@gmail.com

Abstract — In this research, a germanium-carbon coating was deposited on both sides of a ZnS substrate using the
magnetron sputtering method with CH4 and Ar gases as precursors. A double-layer antireflection coating ZnS/Ge«Cx
with an optical thickness of one-quarter wavelength was designed. The dual-layer antireflection coating was characterized
and evaluated through Fourier-transform infrared spectroscopy and environmental tests. The infrared (IR) transmission
spectrum shows that the maximum infrared transmission in the wavelength range of 8-11.5 um is 92%, which is 17%
higher than that of the ZnS substrate. Furthermore, the reflectance of the ZnS substrate is about 25%. This coating has
reduced the substrate's reflectance by 23%. Additionally, the absorption rate of the dual-layer coating on both sides of the
substrate was found to be 6%.

Keywords: Coating, Antireflection properties, Germanium-Carbon, Zinc sulfide, Magnetron sputtering
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Studying the simultaneous effect of increasing the concentration of silver nitrate and
decreasing the concentration of citric acid and ascorbic acid on the synthesis of triangular
silver nanoplates and investigating their optical properties.

Hadi Farrokhi'*, Mohammad Jaberi! and Majid Taheri!

1. Plasma and Nuclear Fusion Research School, Nuclear Science and Technology Research Institute, Tehran, Iran.

sH.farrokhi@Ymail.com

Abstract -The research conducted in the last few decades has led to the development of different approaches to control
the geometrical shape of nanoparticles during synthesis. In this research, triangular silver nanosheets were produced in
water by Self-Seeding method. In this method, the self-seeding process means that the silver seeds serving as nuclei for
the growth of silver nanoparticles are formed autogenously in a same reaction system rather than added externally. The
distinct advantages of this method include no need to add external seeds, no need to use organic solvents that are
environmentally unfriendly, being able to perform at room temperature, and synergetic use of a few reducing agents for
better growth control of two-dimensional nanostructures. The optical properties of nanoparticles synthesized in a
triangular shape were characterized by Uv-Visible spectroscopy, and the effect of increasing the concentration of silver
nitrate and decreasing the concentration of reducing agents, Citric Acid and Ascorbic Acid, on the absorption wavelength
was studied.

Keywords: Ascorbic acid, Citric acid, Self-Seeding method, Triangular silver nanoplates, Uv-visible spectroscopy.
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Preparation of nickel pigmented alumina nanoparticles using chemical method
Mousa_Aliahmad, Fatemeh_ Mohamadpour
Department of Physics, Faculty of Science, University of Sistan and Baluchestan, Zahedan, Iran

aliahmad@phys.usb.ac.ir, fatemeh.mohammadpoor77@gmail.com

Abstract: the present study was an attempt to produce pigmented nanoparticles with nickel doped alumina. Alumina
nanoparticles are used widely in different industries due to their great thermal and mechanical resistance. Limited diversity
of colors is the most important problem of these materials. They are usually available in white color, which limits their
applications. In this study, we managed to replace nickel ions in alumina structure to produce nanoparticles in different
colors. The synthesized samples were tested using XRD and FESEM techniqges. The color analysis results showed that
the nanoparticles appear in different colors depending on nickel pigment content and calcination temperature. The XRD
spectrographic results showed that crystallite size of the produced nanoparticles was smaller than 10nm, and crystals had
a plain cubic form. FESEM images showed that the produced nanoparticles had a spherical form. Nickel pigmented
alumina nanoparticles with a wide range of colors, can be a suitable choice for automotive pain industries, glass industries
and metal in dustries.

Keywords: Alumina, Nanoparticles, pigment and nickel doped
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Optimization of light trapping in a periodic transparent conductive framework to improve
the performance of hematite photoanodes

Behrooz Eftekharinia
Department of Physics, Faculty of Basic Science, Babol Noshirvani University of Technology, Babol, Mazandaran, Iran

B.eftekharinia@nit.ac.ir

Abstract- Hematite is an attractive material for photoelectrochemical water splitting due to its near ideal bandgap and
abundance in the Earth. However, the full potential of hematite has not been realized due to its short hole transport
distance. In this paper, full-field electromagnetic modeling is used to study a periodic nanostructured transparent electrode
coated with a thin hematite film. We find that the height and filling ratios of the nanostructures are the key design features,
where the high nanostructures with low filling ratios are the ideal design for a nanostructured electrode with resonant-
sized components. Simulated results show that current densities of up to 9.4 mA.cm2 can be achieved in a 20 nm thick
hematite layer deposited evenly on a properly designed nanostructured transparent conductive framework.

Keywords: Transparent conductive oxide nanorods, Hematite photo-electrode, Water splitting
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1. Introduction

Photoelectrochemical (PEC) splitting of water has been
widely pursued during the past decade as a sustainable
mean for producing hydrogen. There has been
tremendous research on semiconductor materials as
photoanodes for PEC purposes. Among different
semiconductors, hematite has the advantage of earth-
abundance; however, it suffers from short minority
carrier transport distance that significantly limits the
performance [1-2].

Here we use full-field electromagnetic calculations to
study how the morphology of a nanostructured
transparent conductive oxide affects the light trapping in
a hematite layer uniformly coated on top. The
nanostructures are assumed to be periodic arrays of
transparent conductive oxide (TCO) stripes and we vary
the size and spacing of these nanorods and study their
impact on the light absorption in hematite. We study the
impact of the nanostructure geometrical parameters on
the light absorption in the hematite layer. Subsequently,
we attribute these finding to the physics of optical
resonators where at resonance the optical absorption can
be maximized.

2. Methods and Device Structure

We study a nanostructured photoanodes schematically
shown in Fig. 1 in which the nanostructure is coated onto a
200-nm fluorinated tin oxide (FTO) transparent electrode on
a glass substrate. The FTO is a TCO material that is widely
used for photoelectrochemical water splitting system
therefore we carry out our calculations for this material.

The structure (Fig. 1(a)) comprises an ordered array of FTO
stripes uniformly coated with a 20-nm thick layer of
hematite. FTO is responsible for electron collection and
hematite thin film coated on top functions as the active
medium for photo-electrochemical water oxidation reaction.
Important geometrical parameters of the structure include
the lattice constant, P, the height of the FTO rods, H, and
filling ratio (FR), defined as the fraction of a unit-cell
occupied by the FTO.

To calculate light absorption in this nanostructure, we
conduct full-field electromagnetic simulations by solving
Maxwell equations inside a unit cell of the structure using
FEM. The structure is periodic along the x-axis and we carry
out computations only for a unit cell with periodic boundary
conditions (PBC), also called Floquet boundary conditions,
applied on both sides. The sunlight illumination is
unpolarised; therefore, it can be assumed as an equal share
of transverse electric (TE) and transverse magnetic (TM)
polarization. Definition of TM (or TE) polarized light is that
the H- (E-) component is perpendicular to x-y plane and
parallel to the z-axis. Perfectly matched layer (PML)
condition is applied at the bottom of computation domain to
simulate the propagation into the glass substrate without any
reflection.

Solar illumination

™: %;E TE: ﬁk?s
(b)

PB
L

| Floquet " |
‘boundary
| condition

PBC
e

Fig. 1: (a) Schematic of the Fe:03/FTO nanostructured
electrode, which is periodic along the x-axis. The light enters
the cell from the water side, (b) A unit cell of the two-
dimensional electrode used for FEM simulation, which is
limited on both sides by PBC (periodic boundary condition) and
PML (perfectly matched layer) at the bottom.

The absorption current density or maximum achievable
photocurrent density is calculated by integrating optical
absorption multiplied by standard air mass 1.5 (AM1.5)
photon flux expressed as:

Jo(mA.cm™2) = (e/hc)] A(L)Dawr sh dA (1)

where A(MA) is the optical absorption, ®amis is AM1.5
photon flux, A is the wavelength, e is the unit charge of
the electron, h is the Planck constant, ¢ is the speed of
light in vacuum, and the integration is carried out in the
400-620 nm wavelength range, where 620 nm is the
optical absorption edge of hematite.

3. Simulations and Results

The most important design parameters are the lattice
constant (P), the height (H), and the FR of the FTO
nanorods in the structure with 20 nm hematite coating.
We vary lattice constant in 300-460 nm range with 20 nm
steps for four given heights of 250, 400, 650, and 1500
nm. The filling ratio of the FTO is fixed at 50% and it is
uniformly coated with a 20-nm hematite layer. To
conduct a full assessment on the structural design, we
evaluate J, values versus lattice constant for four different
FTO stripes heights. As shown in Fig. 2, the increment of
lattice constant leads to the reduction of J, for short
stripes of H=250 and 400 nm. However, the photocurrent
density is not dramatically affected by variations in the
lattice constant for longer stripes of H=650 and 1500 nm.
The photocurrent density of the H=1500 nm reaches
nearly 8 mA.cm using a 20-nm thick hematite coating.
This illustrates the excellent potential of FTO/hematite
nanostructures for improving optical absorption and
photocurrent generation in extremely thin hematite
layers.
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Fig. 2 Absorption photocurrent density (Ja) values that have
been calculated for FTO/hematite (20 nm) nanostructures at
different P and H values.

Fig. 3(a) and (b) shows the optical absorption spectra in
a 20-nm hematite thin film uniformly coated onto FTO
rods of H=250 nm and three different lattice constants for
TE and TM polarizations of the incident light. These
spectra show a number of peaks that their wavelengths
shift with varying the lattice constant. Fig. 3 reveals that
the absorption peaks are shifted to longer wavelengths as
the lattice constant increases.

1.0
(a) —— P= 350 nm
—— P= 400 nm
oL ——P=440 nm
=1
£o086
]
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=
@2 F TE Polarization
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Fig. 3 Optical absorption spectra in the 20 nm-thick hematite
thin film for FTO/Fe:03 nanostructured electrodes of H= 250
nm and three different values of lattice constants, P, under (a)
TE- and (b) TM-polarized light incidence. Profiles of electric
field amplitude for (c) TE polarization, P= 400 nm: (i) .= 582
nm, (ii) 2= 655 nm, and (d) TM polarization, P= 400 nm: (i) .=
525 nm, (ii) A= 605 nm.

The resonance in this structure takes place through the
light localization in individual nanorods followed by
coupling the localized light in individual stripes to the
localized modes of nearby stripes in the lattice [3-4].

Thus, these modes hybridize and form a new set of modes
that are referred to as guided-resonance or grating modes.
Furthermore, since the guided resonance modes originate
from the hybridization of the cavity modes of individual
nanorods therefore the density and wavelength of the
guided resonance modes is strongly affected by the size
and height of each strip.

Fig. 3(c) and d shows the colour-plots of electric field
amplitude across a unit cell of nanostructure with P=400
nm at two wavelengths of absorption peak for TE and TM
polarizations. These plots show that for TE light, the
electric field is strongly localized within the FTO stripes
and its overlap with the hematite shell leads to the peak
in optical absorption. The situation in TM light incidence
slightly differs where there is not a clear light localization
within the FTO nanorods but the electric field is
particularly strong at parts of hematite shell.

Fig. 4(a) and (b) shows the absorption spectra for
FTO/hematite nanostructured electrode with different
heights and P= 400 nm for TE and TM polarizations,
respectively. Comparison of the absorption spectra of
Fig. 4 shows that as the height of the stripes increases 1)
the optical absorption in hematite, particularly at short
wavelengths, increases and ii) more peaks appear in the
absorption spectra of the electrode. These effects indicate
the height of the stripes affects the density of resonance
modes of the structure. This is related to the fact that the
longer stripes support a larger number of resonance
modes individually and therefore in the periodic
nanostructure they lead to larger density of resonance
modes. This notion is confirmed by the profile of electric
field amplitude (Fig. 4(c) and (d)) showing intensity
fringes along within the strip, an indication of optical
resonance at the stripe cross-section.
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Fig. 4 Optical absorption spectra in the 20 nm-thick
hematite thin film for FTO/Fe>0s nanostructured electrodes
of P= 400 nm with four different FTO nanorods heights for
(a) TE and (b) TM polarized-light incidence. Profile of
electric field amplitude for (c) TE polarization at (i) A= 585
nm, (ii) A= 655 nm, and (d) TM polarization at (i) .= 560
nm, (ii) A= 600 nm.
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Fig. 5 shows the calculated absorption photocurrent
densities versus FR for nanostructures with H= 650, P=
360 nm, and H=1500 nm, P=400 nm.
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§oeop—__ i — Lae
< 75 e \ §-
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; 1 il
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{c}
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Fig. 5 (a) Absorption photocurrent density versus filling ratio
of FTO nanorods in the lattice, (b) Optical absorption spectra
in a 20-nm hematite shell uniformly coated onto a FTO
nanostructure of (H= 650, P=360 nm) and (H=1500 nm, P=
400 nm) as FR varies from 0.1 to 0.8. Profiles of electric field
amplitude for in a nanorod of H=1500 nm, P=400 nm, and (c)
FR=0.2 at (i) 2=590 nm, (ii) A=665 nm and (d) FR=0.8 at (i)
A=590 nm, (ii) 2=665 nm under TE-polarized light incidence.

It reveals that J, is significantly higher at small FR values
of 0.1 and 0.2 for both electrodes reaching a maximum of
9.4 mA.cm™ for the nanostructured electrode of H=1500

nm, P=400 nm. Fig. 5(b) shows the optical absorption
spectra for the two nanostructured electrodes at FR=0.2
and 0.8. The color-plots of electric field amplitude shown
in Fig. 5(c) and (d) illustrate that the electrode with
FR=0.2 the light couples to the resonance mode of the
stripe and have a strong interaction with the hematite
shell.
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Measuring the temperature and density of plasma generated by wire explosion using OES
methods.

Maryam Akbari Nasaji'", Reza Amrollahi' , Morteza Habibi'> , Hossein Jafari!

"Department of Physics and Energy Engineering, Amirkabir University of Technology, Tehran 159163-4311, Iran
* mnasaji@aut.ac.ir

Abstract- This article provides a detailed overview of the design and construction of a pulsed plasma system at Amirkabir
University of Technology. The device features a capacitor bank with a capacity of 360 uf and operates at a voltage of 2.5
kV, delivering a total power of 1000 joules. To optimize the performance of the device, it is essential to study the impact
of different wire materials on the power of the shock wave produced. During operation, the wire transforms due to electric
discharge, converting it into plasma. In this study, we characterized the wire plasma using OES methods. The results

indicate that the wire plasma behaves as a balanced arc plasma, with a temperature of 0.2 eV and a density of 10-'° cm™,

Keywords: Pulse plasma system, wire explosion, pressure, shockwave, temperature.
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Investigation of human retina images using optical coherence tomography for diagnosis of
macular degeneration disease

Hassan Pakarzadeh!, Laya Hariri' , Ali Azimi?

"Department of Physics, Shiraz University of Technology, Shiraz, Iran.

2poostchi ophthalmology research center, department of ophthalmology, school of medicine, Shiraz University of
medical sciences, Shiraz, Iran

pakarzadeh(@sutech.ac.ir, L.hariri98@gmail.com, ali.azimil365@gmail.com

Abstract: In this paper, firstly, the principles and basics of the optical coherence tomography (OCT) device are
introduced. Then, the images obtained from this device are examined and analyzed in Poustchi Ophthalmology Center of
Shiraz. In this research, retinal image of patients suffering from various eye diseases are examined. This review includes
the analysis of retinal thickness and types of diseases observed in these patients. Finally, the resulting data are listed in a
tabular form.

Keywords: Macular degeneration, optical coherence tomography (OCT), Retinal thickness
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Control of the photon drag effect in a duplicated two-level quantum system
Sara OstvarAzar, Azar Vafafard, and Mostafa Sahrai

saraazary.1995@gmail.com

Abstract- In the photon drag phenomenon, a light beam is dragged by passing through a moving medium and the path of
the transmitted beam is shifted. We are interested in investigating the photon drag effect in a duplicated two- level atomic
system as a moving dielectric medium under laser beams radiation. It is shown that changing the Rabi frequency of the
control field considerably affect the photon drag. Reducing the Rabi frequency of the control field leads to enhancement
of the photon drag.

Keywords: Duplicated two- level atomic system, Photon drag, Laser field
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Optical investigation of vitamin B9 fluorescence quenching using chemotherapeutic drugs
based on modified Stern-Volmer method

Marzieh, Pajouhandeh Dehbaneh; Fatemeh, Ahmadinouri; Parviz, Parvin
Department of physics and Energy Engineering, Amirkabir University of Technology, Tehran

Abstract - Cancer is one of the greatest public health challenges and the leading cause of death worldwide. Effective
drug delivery is crucial for maximizing treatment impact and minimizing side effects. Vitamin B9 (folate) plays a vital
role in cell growth and function and acts as an effective drug carrier. Chemotherapeutic drugs fluorouracil and oxaliplatin
play key roles in cancer treatment. This research investigates the interactions between vitamin B9 and the
chemotherapeutic drugs oxaliplatin and fluorouracil by employing laser-induced fluorescence (LIF) spectroscopy and
modified Stern-Volmer method. The study focuses on analyzing the optical quenching behavior of these drugs and their
associated parameters. Further investigation of this research can contribute to the development of novel cancer treatment
methods.

Keywords: chemodrugs, Stern-Volmer quenching coefficient, Laser intensity fluorescence spectroscopy, vitamin B9.
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Modelling the photocurrent of high conductance optimal opsins for enhance the effect of
minimally invasive optogenetic stimulation in neurostimulation

Shabnam Andalibi Miandoab'?*, Nazlar Ghasemzadeh?"
! Department of Electrical Engineering, Tabriz Branch, Islamic Azad university, Tabriz, Iran
Biophotonic Research Center, Tabriz Branch, Islamic Azad University, Tabriz, Iran
3 Department of Biomedical Engineering, Tabriz Branch, Islamic Azad university, Tabriz, Iran
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Abstract- Optogenetic by using opsins is an effective method to control neurological diseases. In this paper, we have
applied ChR2, ChETA, ChRwt, ChETA/TC and NpHR opsins to the S-BG-Th model to control Parkinson's disease (PD)
and have examined photocurrents, neuronal response and spike fidelity to select the most effective opsin. ChRwt has high
peak current and in low light intensity and low light pulse, it has high photocurrent strength and high light sensitivity and
has a low invasive effect. Compared to other selective opsins, it has a faster dynamic and a more stable response, and its

fidelity for GPe and GPi neurons is 75% and 100%, respectively.

Keywords: Optogenetic, Opsin photocurrent, Minimal invasive, Model of Striatum Basal Ganglia Thalamus (S-BG-Th).

1. Introduction

Optogenetic is a new technique based on genetics and
photostimulation of nerve cells, and has swept neuroscience
by using microbial rhodopsins to control the electrical
activity of target neurons by light .Furthermore, it can enable

us to investigate how different types of neurons have

specific roles in behaviours and pathologies and how they
can serve as new therapeutic targets. This technique is used
to discover the complex circuits of the brain and
neurological and mental diseases such as epilepsy and
Parkinson's disease (PD) [1,2]. In optogenetics, light-
sensitive ion channels (opsins) are widely used as a tool in
neuroscience research to excite or suppress neural activity
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with high temporal and spatial resolution [3,4].
Channelrhodopsin-2 (ChR2) is the most common opsin,
which is an essential tool in neuroscience, which is activated
by blue light and leads to the depolarization of neurons,
which the ChETA, ChRwt, and ChETA/TC are the kinds of
it. Halordopsin (NpHR) is also the first photogenetic tool
that is activated by yellow light and effectively inhibits
neural activity. Since the response of neurons to various
opsins in different stimulation conditions including
frequency (f), light pulse (ton), number of stimulation pulses
(ns) and light stimulation intensity (Ajign) can be different,
so in this paper ,we have applied excitatory opsins of ChR2,
ChETA, ChETA/TC, and ChRwt and inhibitory opsin of
NpHR in three and four states to the striatum-basal ganglia-
thalamus (S-BG-Th) network model to control the
Parkinson's disease with different stimulation conditions
,short and long pulses, and we have examined photocurrents,
neural responses ,and the spike fidelity of the neurons.

2. Methods

2.1. The model of the Striatum-Basal
Ganglia-Thalamus (S-BG-Th)

We have considered a complete computational model based on
the computational network model of Terman et al, [5] under the
title of S-BG-Th network model, which includes all the sub-
sections affected by Parkinson's disease including striatum,
basal ganglia and, the thalamus and has been shown in Fig.la.
This model includes Th, GPi, GPe, and STN neurons, and have
been applied constant current of l.p from the striatum
(caudate/putamen), three and four-state optogenetic stimulation
with different opsins to BG neurons and SMC input to the Th
cells. Sparse connections between TH, GPi, GPe, and STN
neurons in the S-BG-Th network model have been represented
in Fig.1b. Membrane potential for S-BG-Th network model
neurons based on Hodgkin-Huxley model has been modelled as
conductance-based differential equations based on equation (1).

dv (1
Cma =—I,—Iyg —Ig —Ip = lca — [ahp

- Isyn + Iapp + Iopsin
2.2. Model of three-state optogenetic

The three-state model for opsin includes open (O), closed (C)
and dark transition (D) stages, which has been shown in Fig.1a,
and has been defined by equations (2) and (3). Where O + D +
C =1, P is the light -dependent excitation rate for the C state to
the O transition state, and G4 (Gr) is the rate constant for the
transition from the O state to the D state (from the D state to the
C state). The photocurrent of opsin entering the neuron
membrane is calculated by equation (4). where V is the
membrane potential of the neuron expressing opsin and Zopsin is
the maximum conductance of opsin. The values of the
parameters are applied from references [5-7].

0=P(1-0-D)—Gy0 )
D =G40 —G.D (3)
[opsin = gopsinvo 4)

a)
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Fig.1: (a) S-BG-Th network model, (b) Sparse connections
between neurons

2.3. Model of four -state optogenetic

In this case, a four-state transition is considered for opsin to
follow the movement of light stimulation according to Fig.1a.
There are Two open stages include O1 and Oz and two closed
stages include Ci and Ca. It should be noted that Open and
Closed are internal transition stages. The dynamics of
transitions between stages are in the form of equations (5), (6),
(7), and (8):

0; =P, (1-C,—0; —0;) — (Ggy + €100, (5)

+ e,,0,
02 = P,SC; + €1,0; — (Ggz + €21)0; (6)
Cz = Gg20, — (P,S + G,)C, (7
S=(S (6)— S)/Topsin (8

The parameters P1 and P2 are the maximum excitation rate of
C1, C2and Gqq, Gqz, are the constant transition rate for the first
open state Oy to the first closed state Ci and from state Oz to
state Cz respectively. While Gr is the recovery rate of the Ci
state after the light pulse is turned off. e21 and ez are the
constant rates for the transition from state O1 to Oz and from Oz
to O1, respectively. Photocurrent is also calculated by equation
(9), where gopsin is the maximum conductance of opsin at the O
stage and vy is the conduction rate at the Oz and O stages [5-8].

Iopsin = gopsinv(ol +v0,) O]
2.4. Characteristic of the photocurrent of the opsins

The photocurrent characteristics of opsins with specific
wavelengths in response to short and long light pulses
are: peak current (Ip),activation time constant(top), and
inactivation time constant(t,¢) which specifies fast off-
kinetics (fast closing of the channel) and slow off-kinetic
(slow closing of the channel). Which show the effective
features of opsins, including the photocurrent strength of
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opsins, light sensitivity and the effect of opsins being less
invasive. In the opsins photocurrent, with the increase of
I, and low T, the channel closes faster, the strength of
photocurrent and light sensitivity, and as a result, the less

invasive effect of opsins, are greater.

3. Results
3.1. Results of the opsin’s photocurrents

Since the photocurrent characteristics of opsins play an
important role in choosing a suitable and effective opsin,
and by considering the effective characteristics of opsins,
the photocurrent strength of opsins, light sensitivity, and
the effect minimally invasive of opsins can be checked
so, we have examined the photocurrents of the three-state
model for NpHR, ChR2, ChRwt, ChETA and
ChETA/TC opsins with conductivity values (g) equal to
2.4002, 0.8755, 3.687, 0.03314 and 1.899
nS/um?respectively, with short and long pulses of
ton=2,100ms at different light intensities of Aygpy =

0.08 — 10 mw/mm?, with a wavelength of 480 nm .We

have shown an example of photocurrents for opsin
ChRwt (with the highest conductivity) and ChETA (with
the lowest conductivity) in Fig. 2a, b. Based on the
results, with the start of radiation for both light pulses of
2 and 100ms for both opsins, the current has reached the
maximum value at time of t,,, then has became zero at
time To¢ When the light has turned off.

a) b)

[ Ar 28 mwterz] |

T ]
At mnmz (|

|15 mwtma |

Phatscurmen (o micre ma)

o
Smeims)

<)
~—

Photocurrant [pAdmicro m2)

a8 z L
40 =9 530 [ 030

Fig.2: Photocurrents of opsins in ton= 2,100 ms. a) ChRwt, b)
ChETA.

In light pulse of 2ms for both ChRwt and ChETA opsins,
the photocurrent has reached the maximum faster, it
means that T, is lower and the channel closes faster. Due
to the low T, for ChRwt compared to ChETA opsin so,
in this light pulse, ChRwt has faster dynamics. In 100ms
for both opsins, T has increased and they close more
slowly, in this case, ChETA is slower. On the other hand,
with increasing intensity, for 2,10 mW/mm?, the Ip for

ChRwt, which has high conductivity, is higher than
ChETA. Therefore, the strength of the photocurrent, the
light sensitivity, and the minimally invasive effect of
ChRwt are more.

3.2. Responses of the neurons of the S-BG-Th network
model

Since ChRwt opsin has a higher I, followed by high
photocurrent strength and light sensitivity and has a
minimal invasive effect, therefore, we have investigated
the responses of the neurons of the S-BG-Th network
model for the excitatory opsin of ChRwt in three -state
with short light pulse of 2ms at light stimulation
intensities of Ajigne = 0.08 — 10 mW/mm?. We have
shown an example of the responses of the neurons to
ChRwt opsin in the range of beta band for the frequency
of 30 Hz, pulse number of 30 and light intensity of 10
mW/mm? in Fig.3. Based on the results, the response of
the STN neurons to excitatory ChRwt opsin is
suppressive and inhibitory, for GPe and GPi neurons is
in the form of additional spikes, and these additional
spikes are more for GPi than GPe, for Th neurons there
is one response for each stimulation.

l T
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lnne [lm) 1900 0 timse‘;;?nsj 1000
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- B {11 T
> §' | | I I |
J | I| II. ) |
p|||n|||||||1||||||m||m|| ittt ol
500 1000 % e 1000
time{ms) time{ms)

Fig.3: Responses of the STN, GPe, and GPi for f=30Hz, ns=30,
Aligni=10 mW/mm?’ , and ton=2 ms.

3.3. The results of the fidelity of the neurons of the S-
BG-Th model

The pathological activities of PD lead to the destruction
and reduction of spike fidelity of the brain neurons. For
this purpose, we have investigated the spike fidelity of
the S-BG-Th network model neurons by applying
excitatory opsins of ChRwt, ChETA, ChETA/TC, ChR2
and inhibitory NpHR in the beta band frequency range of
30 Hz, pulse number of 30 and light pulse of 2 ms for
light intensities of Auign=0.08-10 mW/mm?. Based on the
results have been shown in Fig. 4a,b,and c, it can be seen
that, for all three STN, GPe and GPi neurons, the curve
corresponding to ChRwt opsin, which has the highest
conductivity, is at the top of the graph and the curve of
the ChETA opsin, with the lowest conductivity, is at the
bottom of the graph.
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Fig.4: The fidelity of the neurons of the S-BG-Th model by
applying the excitatory opsins of the ChRwt, ChR2, ChETA,
ChETA/TC, and inhibitory opsins of the NpHR for the f=30Hz,
ns=30, ton=2ms, and Aiign=0.08-10 Mw/mm?: a) STN, b) GPe,
c) GPI.

In addition, the fidelity behaviour for all opsins is
oscillatory up to an intensity of 2mW/mm? and then has
increased steadily, so the neurons at low intensity have
been able to reach the highest fidelity value. The fidelity
range for STN neurons is lower (up to 24%) and for GPe
it has increased up to 75% and for GPi it is more than

other neurons and has reached until 100%.

4. Conclusion

By considering the effective features of opsins, it is
possible to examine the strength of opsins' photocurrent,
light sensitivity, and the effect of opsins' minimal
invasive, and select the most effective opsin to apply to
specific neurons. The pathological activities caused by
neurological diseases such as PD lead to the destruction
and reduction of spike fidelity of brain neurons. In
addition, the response of the neurons to different opsins
can be various in different stimulation conditions with
different parameters. Therefore, in this paper, we have
applied the excitatory opsins of ChR2, ChETA, ChRwt,
ChETA/TC, and the inhibitory opsin of NpHR to the S-
BG-Th network model for PD with different stimulation
conditions, short and long pulses, and we have
investigated the photocurrents, neuronal responses and
the fidelity of neurons. Based on the results, for ChRwt

opsin, which has more conductivity than other opsins, the
peak current is higher and at low light intensity and light
pulse, it has high photocurrent strength and light
sensitivity, and so, has a low invasive effect. It can be
said that, compared to other selective opsins, this opsin
has faster dynamics and a more stable response, as well
as higher and better spike fidelity specially for the
neurons of GPe and GPi.
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Design and Analysis of High-Efficiency Silicon Nitride Waveguide Grating Coupler
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ntegrated Photonics Laboratory, Faculty of Electrical Engineering, Shahid Beheshti University, Tehran, Iran.
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Abstract: This paper presents an optimized design for grating couplers (GCs), which are essential in photonic circuits for
efficient light coupling between optical fibers and waveguides. Achieving high coupling efficiency is crucial for compact
photonic devices, where minimizing losses is paramount. We proposed a Si;N,-based grating coupler design that employs
precise tuning of the grating period, refractive index, and incident angle, guided by the Bragg condition, to maximize
efficiency at a target wavelength of 1550 nm. The resulting structure achieves a high coupling efficiency of 48% at an 8-
degree incident angle. A proposed designed transition taper with an efficiency of approximately 97% facilitates smooth
mode transition with minimal scattering and power loss, further enhancing overall performance. This work highlights the
importance of meticulous parameter control in advancing GC efficiency and supporting the development of high-
performance, compact photonic circuits.

Keywords: Grating coupler, Photonic circuits, Silicon nitride, Waveguide taper
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1. Introduction

Grating couplers (GCs) play a pivotal role in photonic
circuits by facilitating efficient light coupling between
optical fibers and waveguides. As photonic devices
continue to shrink, the demand for high-performance
GCs intensifies, with a strong emphasis on maximizing
coupling efficiency and minimizing optical losses. High-
efficiency GCs are crucial for integrated photonic
systems where light transfer must be both precise and
effective, enabling applications across
telecommunications, data transfer, and sensing
technologies. Recent advancements in GC design
highlight the importance of structural and material
optimizations to enhance efficiency, wavelength
selectivity, and angular sensitivity. Parameters such as
grating period, refractive index contrast, and coupling
angle are instrumental for optimal light transfer [ 1-2]. By
applying principles of diffraction and interference,
especially through the Bragg condition (also called phase
matching condition), modern GCs achieve superior
performance in compact formats [3-4].

This paper presents an optimized GC design targeting a
1550 nm wavelength. Our approach involves precise
control of the grating period, fill factor, refractive index,
and incident angle to achieve high coupling efficiency.
This work demonstrates the potential of tailored design
in advancing compact, high-performance photonic
devices.

2. Model and Theory

The schematic side view of a silicon nitride (SizN,)
waveguide grating coupler is illustrated in Figure 1.

Fig. 1: Schematic diagram and loss channels in input coupling
of the Siz N, grating coupler.

In the grating coupler structure, precision tailoring of the
grating’s period, depth, and refractive index contrast
enables optimal light coupling. These engineered
parameters govern the wavelength selectivity, coupling
efficiency, and angular sensitivity, enhancing the
transition between fiber and waveguide modes. The
Bragg condition defines the wavelength (A) where

diffraction is maximized. When the grating period (A)
matches the Bragg wavelength, constructive interference
occurs, boosting coupling efficiency and optimizing light
transfer into the waveguide [5-6]. The Bragg condition
for the guided transverse electric (TE) mode is satisfied
by fulfilling the phase matching condition, given by [7-
8]:

mA = A(ngg — n¢sinB) (1

where m, negr, N and 6 state the diffraction order (equal
to 1 for most grating couplers), the effective index, the
cladding index, and the incident angle, respectively. The
principles outlined in the Bragg equation are visually
represented in Figure 2.
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Fig. 2: Wave-vector diagram for fiber-to-chip coupling

Subwavelength gratings, with periods smaller than the
wavelength, prevent standard diffraction and enable
uniform light guidance. This is achieved by a thickness
that blocks evanescent modes and a small period (A < A)
to suppress diffraction [9-10].

The effective index provides a simplified representation
of complex grating structures as a singular refractive
index value. This parameter, determined by the grating's
material composition and geometric configuration,
governs the propagation of light and plays a pivotal role
in determining coupling efficiency. The approximate
refractive index of this equivalent medium can be
described using the first-order Rytov formula [11]:

neg = fny + (1 —Hn, 2

where nq, n, and f represent the grating material index,
the gap material index, and the fill factor, respectively.
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Power losses in grating couplers arise primarily from
scattering, absorption, and radiation effects, as illustrated
in Figure 1. Scattering is driven by surface roughness,
while absorption is determined by the material's intrinsic
properties.

The performance of a generic grating coupler (GC)
depends on three key parameters: directionality,
reflectivity, and  overall coupling efficiency.
Directionality measures the ratio of optical power
directed upward to the fiber relative to the waveguide
power (PB,,). Reflectivity indicates the power reflected by
the GC (P.), which should be minimized to reduce
parasitic effects, such as Fabry—Perot oscillations.
Coupling efficiency is the ratio of power coupled to the
fiber’s fundamental mode to the waveguide power [11].
The final coupled power into the waveguide is given as

[9]:
Py = NcePin = Pn — Psup — P — Puz (3)

where ncg is the coupling efficiency or expressed as
coupling loss in decibels (dB). Effective minimization of
these loss channels is essential for maximizing coupling
efficiency [12].

3. Simulation Results and Discussion

The proposed grating coupler structure is simulated using
the two-dimensional finite-difference time-domain (2D
FDTD) method, focusing on maximizing coupling
efficiency at the operating wavelength of 1550 nm. As
depicted in Figure 1, the structure consists of a silicon
substrate with a refractive index of 3.48 and a buried
oxide (BOX) bottom cladding layer with an index of
1.44. A SizN, waveguide is embedded within this
structure, while a silicon oxide layer serves as the
cladding material above the entire configuration. The
refractive index of silicon nitride is set to 1.98 at the
wavelength of 1550 nm. The proposed grating design
includes a 2.6 um BOX thickness, a 2.1 pm silicon oxide
cladding thickness, and a grating depth of 0.55 um, with
a period of 1030 nm and a fill factor of 0.5. These
parameters were iteratively tuned to align with the Bragg
condition, enhancing diffraction efficiency and
optimizing light coupling into the waveguide.

A transition taper was implemented to efficiently couple
light from the grating structure into a 1 um wide
waveguide. The taper width, which corresponds to the
input beam diameter, starts at 10.4 pm for the grating
lines and extends over a length of 100 um, as illustrated
in Figure 3. Although a longer taper could have been
used, efficiency gains plateaued, and a compact 100 um
taper was chosen to minimize the device footprint. This
transition taper design achieved a 97.12% coupling
efficiency, contributing significantly to the overall
performance.

Figure 4 shows that the proposed grating configuration
achieved a coupling efficiency of 48% with an incident
angle of 8 degrees at the wavelength of 1550 nm.
Additionally, the selected period of 1030 nm and fill
factor of 0.5 demonstrated superior efficiency,
minimizing losses and yielding high coupling
performance. The results emphasize the impact of
structural parameters tuning on the grating coupler
efficiency.

Fig. 3: Top view of the structure of the designed linear
waveguide transition taper.
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Fig. 4: Coupling efficiency of the designed grating coupler at
optimal incident angle and grating period across different
wavelengths.

By considering the period to 1.03 pm and the fill factor
to 0.5, the design minimized scattering losses and
maximized coupling at the desired angle and wavelength.
The optimally designed taper, with a 10.4 pm initial
width tapering over 100 um, effectively channeled light
into the 1 pm waveguide, achieving a 48% coupling
efficiency from the grating structure. This taper design
was critical in limiting area usage while maintaining high
efficiency.

Material choices, including the silicon substrate and
silicon oxide cladding, were crucial for achieving high
coupling efficiency, with the refractive index contrast
carefully matched to optimize light guidance within the
waveguide. The 8-degree incident angle aligns well with
theoretical predictions, showing that small angular
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adjustments can enhance coupling in etched gratings.
While the achieved 48% coupling efficiency is
significant, further improvement is possible. These
results affirm that precise control of grating parameters,
materials, and simulation conditions can significantly
enhance the grating coupler performance, supporting
compact photonic circuits with high efficiency and
minimal footprint.

4. Conclusion

The presented design achieved notable improvements in
Si;N, grating coupler efficiency by addressing key
aspects of light transfer and minimizing power losses.
Through a systematic approach to tuning structural
parameters, we realized a GC configuration optimized for
a 1550 nm wavelength, resulting in 48% coupling
efficiency at an 8-degree angle. The integration of a
transition taper, with a smooth transition and minimal
scattering that prevents further loss through its 97.12%
efficiency, provided valuable insights into the
development of high-performance, compact photonic
circuits.
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Metal-Insulator-Metal Plasmonic Structure based on Regular Octagonal Cavity for Bacteria
and Refractive Index Sensing

Kamiyar Rezghy Ilkhchy!, Mohammad Ghanavati?, and Mohammad Azim Karami?
1.23School of Electrical Engineering, Iran University of Science and Technology
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Abstract- This paper introduces a metal-insulator-metal (MIM) waveguide with a resonator, featuring a regular octagon
geometry and an internal silver octagon island, as a refractive index (RI) sensor. The design was simulated using the
Finite Element Method. Various structural parameters of the sensor's transmission spectrum were analyzed, and the
optimal structure was chosen based on sensitivity. The optimized structure achieved a maximum sensitivity of 4257
nm/RIU and a figure of merit (FoM) of 14.62 per RIU. The sensor is suitable for detecting pathogenic bacteria in water
and food, as well as bacterial cell organelles in the food and medical industries, within the wavelength range of 650 to
4000 nm.

Keywords: Plasmonic sensor ,Metal -Insulator-Metal Waveguide, Surface Plasmon Resonance, Pathogenic, Bacteria
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1. Introduction

In MIM waveguide structures with a cavity, SPP
behavior dramatically changes with alterations in
geometry and materials, affecting device response [1].
Changes in the refractive index (RI) of cavity dielectric
materials cause significant resonance wavelength shifts,
which are crucial for RI sensors [2]. MIM waveguides,
valued for their real-time detection with high sensitivity
and resolution, compactness, and low cost, are ideal for
medical diagnostics due to their ability to integrate with
microfluids and perform label-free detection [3]. Recent
studies have explored biosensing applications in MIM
waveguides with various geometries, focusing on
detecting infected blood plasma [4], biological analytes
[5], cancer cells, malaria, blood concentration [1], and
determining blood hemoglobin levels and glucose
concentration [6].

This paper introduces an octagonal ring-like structure
with two regular inner and outer octagons as the MIM
waveguide cavity for biosensing applications. The
simulations were performed using COMSOL
Multiphysics version 6.2. Triangular meshing was
employed, and Perfect Electric Conductor (PEC)
boundary conditions were applied to the model. The
structural parameters were optimized for maximum
sensitivity using a parametric sweep approach to identify
the values that yield maximum sensitivity. Finally, the
optimized device for detecting bacteria within a specific
RI range is evaluated.

2. Theory

The three-dimensional (3D) sensor design, shown in
Fig.1, features an MIM waveguide with (w) a 50 nm
width filled with air and a cavity filled with a dielectric
(ng = 1.36). This octagonal cavity structure includes a
silver inner octagon, occupying 0.7 (k = 0.7) of the larger
cavity, and is rotated by an angle ¢ relative to the
waveguide. Fig.1 shows that silver (Ag) was selected as
the plasmonic material due to its narrow FWHM, high
signal-to-noise ratio, and enhanced sensitivity, making it
an ideal choice [7, 8]. The relative permittivity for silver,
modeled with the Drude-Lorentz approach, is discussed
in our latest research [1]. The resonance wavelength (Ry)
is determined using standing wave resonance theory,
expressed as N.Ry = Lefr. R(nefr). Here, R(nerr) is the real
part of effective RI, Lefris the resonator's effective length,
and N is the resonance order.

A
S=[1%12-2v2)

Fig.1: 3D schematic of the MIM waveguide with regular
octagon cavities.

If the input light power is S1 and the output light power
is S2, the transmission characteristic T=S2/S1 and
extinction ratio (ER) is defined by logarithm of T. RI
sensitivity (S) is computed as the ratio of altrations in Ry,
to changes in nq (S = AR,/ Anqg ). Using the quality factor
(QF = Ry, /FWHM) and the figure of merit (FoM =
S/FWHM), the sensor's performance is evaluated and
compared, where FWHM denotes the full width at half
maximum of the resonance peak [6].

3. Simulation results and application
3.1. Simulation results and discussion

In Fig.2-a, to achieve the optimal structural parameters of
the sensor, the transmission spectrum was plotted by
varying the internal regular octagon scale factor (k) from
0.1 t0 0.9 in 0.2 increments, with ng = 1.36 and 1.37, and
¢ from 0° to 45° in 9-degree steps. As k increases, the
resonance peaks red-shift due to changes in the internal
octagon area and Lcs{1]. For k = 0.1 to 0.7 , the
transmission characteristics remain constant for each o,
but at k = 0.9 , distinct transmission characteristics
appear. Atk = 0.9 , resonance peaks red-shift from 0° to
18° and blue-shift from 27° to 45°. Additionally, with k
= 0.9, the transmission spectra for ¢ values symmetric
around 22.5° are identical. For example, the spectra at 0°
and 45° match each other. Fig.2-b shows that S is highest
at the first peak for all variations and increases with k. At
k=0.9, S increases with ¢ from 0° to 18° and decreases
from 27° to 45°, with a maximum sensitivity of 3900
nm/RIU at ¢ = 18° and 27.
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Fig.2: (a) Transmission for all sweeps (b) comparative
sensitivity for all sweeps and every peaks .

Based on the observed symmetry in T and S for ¢ values
symmetric around 22.5°, it is predicted that the structural
parameter of the distance between the inner and outer
octagons plays a role in the sensor's S. As this distance
decreases, the S increases. Therefore, the S is calculated
at the smallest distance between the two octagons, which
occurs at k = 0.9 and ¢ = 22.5°. Fig.3-a illustrates the
relationship between Ry and ng changes across the first
to seventh peaks. It reveals that this relationship is linear,
with each line's slope representing the peak's S. Fig.3-b
shows the calculated performance parameters such as
FWHM, FoM and QF for each peak, alongside Ry, for
the optimized structure. The highest S obtained was 4257
nm/RIU for the first peak, with a FoM of 14.62 1/RIU
and a QF of 10.54. The highest QF and FoM were
achieved for the third peak, with a S of 1158 nm/RIU, a
FoM of 44.53 1/RIU and a QF of 60.11.

T-696 6- 778 5- 865 4-939 3-13632- 1773 1-3041

Peak Order - R,, (nm)

Fig. 3: (a) The fitting line of Rw as a function of the RI for the
optimized structure atk = 0.9 and ¢ = 22.5°. (b) FWHM, FoM,
and QF for all resonance peaks, including their peak order and
Rw, for the optimized structure.

3.2. Application

Methods for measuring the RI of bacteria and their
cellular components are detailed in [9].

nucleoid of E. coli

0.84 cytoplasm of E. coli
_~ average E. coli
=} 0.6 bacillus vegetative forms|
0.6
~ WT
5 WT-Sal
'20.44 ——CI-KO
' —— C1-KO-Sal

0.2 1
a N\,

0.0 - 1

2900 3000 3100 3200 3300 3400 3500
Wavelength ( nm)

Fig.4: Transmission for different bacteria.

RI of E. coli bacteria is 1.401 for the average, 1.371 for
the nucleoid, and 1.390 for the cytoplasm, whereas for
the Bacillus family, it ranges from 1.400 to 1.387. Certain
bacterial infections alter the RI of body tissues, providing
a basis for diagnosis. For instance, healthy WT and Cl1-
KO cells, which are macrophages derived from bone
marrow, initially have refractive indices of 1.3777 and
1.3740.Upon 15 minutes of exposure to Salmonella
enterica serovar Typhimurium, their average refractive
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indices decrease to 1.3641 and 1.3606, respectively [10].
Fig.4 illustrates the Ryw variations of the first peak in the
proposed structure for Bacillus and E. coli bacterial cells,
the nucleoid and cytoplasm of E. coli cells, as well as
healthy and Salmonella-infected WT and C1-KO cells.
The proposed sensor's S to changes in the refractive index
allow for the potential differentiation of various bacterial
species based on their unique optical signatures.

4. Conclusion

A regular octagonal ring-shaped cavity MIM waveguide
was optimized to achieve maximum S. Observations
showed that the primary influencing factor was the
distance between the inner and outer octagons, and the
optimal angle created the smallest distance. The final
structure achieved a sensitivity of 4257 nm/RIU and a
FoM of 14.62 1/RIU. Table I provides a comparison of
this sensor's sensitivity with that of recently developed
simulated sensors. As shown, the sensitivity of our work
surpasses that of all referenced sensors in Table I. The RI
range for bacterial detection was discussed, presenting
the proposed sensor as a relatively high-sensitivity option
for detecting bacteria.

Table 1. Comparison of S between this work and previous
similar works.

Ref. basic structure | Maximum S (nm/RIU)
[5] square 700
[4] rectangular 900
[11] disk 1242.86
[1] hexagonal 1147.22
[12] H-shaped 1960
This work | octagonal 4257
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Fabrication and Characterization of Optical- Mechanical Stability of Flexible Solar Cells
Based on Two-Cation and Three-Halide Perovskite Absorber Layer

Tahere Ashjari', Maryam Alidaei', Vahid Ahmadi'*, Farzaneh Arabpour Roghabadi'*?
1 Faculty of Electrical and Computer Engineering, Tarbiat Modares University, Tehran, Iran
2 Faculty of Chemical Engineering, Tarbiat Modares University, Tehran, Iran

t.ashjari72@gmail.com, m.alidace@gmail.com , v_ahmadi@modares.ac.ir *, arabpour@modares.ac.ir

Abstract- Due to the increasing interest in flexible wearable electronic devices, the demand for perovskite solar cells is
expanding. Because it can be used to fabricate flexible devices, in this article, a flexible perovskite solar cell (F-PSC) is
fabricated based on two-cation and three-halide perovskite absorber layers with an n-i-p structure. This solar cell showed
a power conversion efficiency (PCE) of 15.52%. The optical stability of F-PSC is investigated by exposing the
unencapsulated device under simulated 1sun illumination. This cell maintains 34% of its initial PCE after 60 minutes.
Also, the investigation of the mechanical stability of this device shows that under several bending times with a bending
radius of 10 mm, the PCE of the fabricated F-PSC remains unchanged.

Keywords: Flexible perovskite solar cell, mechanical stability, light stability, power conversion efficiency, spin-coating
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Non-thermal plasma surface modification of zinc sulfide to enhance the efficiency of energy
storage electrodes

Mahdiyeh Mohammadi'*, Ali Latifi', Saed Jafari!
! Department of Physics, Faculty of Science, University of Guilan, Rasht

* mahdiyeh79m@gmail.com

Abstract- Nowadays, energy storage systems, particularly supercapacitors, are essential for advancing modern
technologies. In this study, zinc-sulfide nanoparticles were successfully deposited on nickel foam and modified using a
single-step non-thermal plasma technique (utilizing a dielectric barrier discharge) at atmospheric pressure. To assess the
electrochemical properties of the fabricated electrodes, cyclic voltammetry (CV) and galvanostatic charge-discharge
(GCD) tests were conducted. The galvanostatic charge-discharge analysis revealed a high specific capacitance of 325.5
F/g at a current density of 1 A/g. Additionally, the cyclic voltammetry curves verified the satisfactory electrochemical
performance of the electrodes. Consequently, this research could aid in developing innovative supercapacitor electrodes
through plasma synthesis.

Keywords: Dielectric barrier discharge, Non-thermal plasma, Plasma surface modification, Supercapacitor, Zinc sulfide.
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Acoustic Cloaking using Pentamode Materials for Underwater Applications

Fatemeh Ahmadzadeh, Ali Bahrami, and Mansour Zaremanesh

Optoelectronics and Nanophotonics Research Lab. (ONRL), Faculty of Electrical Engineering, Sahand University of
Technology, Tabriz, Iran

fa_ahmadzadeh98@sut.ac.ir

Abstract- This paper presents a novel approach to achieving underwater acoustic cloaking using two-dimensional
pentamode materials. The proposed cloak consists of a square lattice made of aluminum, with a lattice constant of 10
millimeters, which is embedded in air and submerged in water. To achieve effective cloaking, impedance matching was
applied to the overall geometry of the structure. Cloaking was achieved through finite element method simulations over
the frequency range of 1 to 12 kHz.

Keywords: Acoustic cloaking, Phononic band structure, Water-like structure, Pentamode materials.
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The effect of Incident Angle on the Sensitivity of a Refractive index Sensor Based on Cold
Plasma Photonic Crystal

Zahra Galavani !, Mohammad Kouhi '*, Ali Vahedi', Sima Zeighami !, Samad Sobhanian?
'Department of Physics, Islamic Azad University, Tabriz Branch, Tabriz, Iran.

2 Faculty of Physics, University of Tabriz, Tabriz, Iran

kouhi@jaut.ac.ir

Abstract- In this paper, a refractive index sensor based on magnetized cold plasma photonic crystal is designed and
simulated for accurate and fast detection of gaseous pollutants. The simulation results using the transfer matrix method
show that changing the structural parameters such as the incident angle has a significant impact on the sensor performance.
Increasing the incident angle from 0 to 75 degrees increases the sensitivity from 2.84 to 35.40 GHz/RIU. The proposed
sensor is able to detect small changes in the refractive index and can be used in some applications such as air quality
monitoring and harmful gases detection.

Keywords: Refractive index sensor, Photonic crystal, Magnetized cold plasma, Transfer matrix, Photonic bandgap
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Fabrication and characterization of of perovskite solar cell with semi-transparent gold
electrode

Shadmehr Bagheri!, Maryam Alidaei', Vahid Ahmadi'*, Farzaneh Arabpour!~
! Faculty of Electrical and Computer Engineering, Tarbiat Modares University, Tehran, Iran

2 Faculty of Chemical Engineering, Tarbiat Modares University, Tehran, Iran

arabpour(@modares.ac.ir *4 shamehrbagheri@gmail.com, m.alidaee@gmail.com, v_ahmadi@modares.ac.ir

Abstract- Due to great interest in semi-transparent electronic devices, the demand for semi-transparent perovskite solar

cells (ST-PSC) is increasing. In this article, ST-PSC devices with n-i-p structure including semi-transparent gold
electrodes with different thicknesses are fabricated and analyzed. These cells are designed with the aim of improving
transparency, especially for applications such as building windows. Although reducing the thickness of the gold layer
from 70 to 17 nm has led to a decrease in ST-PSC efficiency from 15.31% to 13.72%, respectively, the passage of light
increases more than 5 times. Therefore, reducing the thickness of the gold layer is an effective solution to increase the
transparency of ST-PSC devices.

Keywords: semi transparent perovskite solar cell, gold electrode, power conversion efficiency, spin-coating
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Design of a Photonic Crystal Biosensor for the Detection of Anthrax-Causing Bacteria

Somayyeh Rostamian', Sovizi, Mahdi*!, and Aliannezhadi, Maryam'
Faculty of Physics, Semnan University, PO Box: 35195-363, Semnan, Iran

s_rostamyan842(@semnan.ac.ir , msovizi@semnana.ac.ir , m_aliannezhadi@semnan.ac.ir

Abstract- The drinking water monitoring for specific bacterial contaminants, including those responsible for anthrax, is
paramount to the health and safety of the global community. This study proposes and examines a one-dimensional
photonic crystal sensor including silver nanocomposite layers to detect and sense Bacillus anthracis bacteria in water. The
results indicate that the defect modes of the proposed sensor structure can be exploited to identify Bacillus anthracis in
water. However, the sensitivity and quality factor of the sensor are different for these defect modes and they change by
the wavelength of the defect modes. Additionally, a correlation exists between the functional parameters of the structure
and the concentration of bacteria in the water. Notably, the average sensitivity of the biosensor in detecting bacterial
presence is approximately 900 nm/RIU, indicating the proposed can be a promising candidate for detecting water
contaminated with anthrax-causing bacteria.

Keywords: Contaminated water detection, Global health, One-dimensional photonic crystal, Optical sensor, biosensor.
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Enhancement of Dark Images Based on Deep Learning

Reza Mohammadi, Hanieh Taghizadeh Shyvyari, Zahra Keshmir, Khosro Madanipour*

Department of Physics, Amirkabir University of Technology
Optical Measurement Laboratory, Amirkabir University of Technology

rezamoh360(@aut.ac.ir, haniehtaghizadeh(@aut.ac.ir, zahrakeshmir@aut.ac.ir ,madanipour@aut.ac.ir

Abstract - Imaging in low-light conditions poses significant challenges in various fields, including autonomous vehicle
navigation, surveillance, and photography. Traditional image enhancement methods, often come with noise amplification
and loss of details. In this paper, a deep learning-based method using a U-shaped autoencoder network architecture is
introduced to enhance dark images. The proposed model improves the brightness and clarity of images. Experimental
evaluations demonstrate the superiority of the model compared to conventional methods such as gamma correction,
highlighting its potential for real-world applications.

Keywors: Image processing, Autoencoder, Artificial intelligence,Deep learning
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