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The Effect of Thickness on Extinction Cross-Section of Au- Ag nanostars

Abbas Azarian , Reihane sadat Hashemi
Department of Physics, University of Qom, Qom, Iran

Azarian@qom.ac.ir

Abstract - The study of the spectral characteristics of nanoparticles under local surface plasmon resonance conditions
has received much attention for their plasmonic and photonic applications. Therefore, in this article, the plasmonic
properties of Au-Ag bimetallic nanostar have been simulated using FDTD module. Using the simulation results, it is
shown that with the change of thickness, the position of the extinction spectrum peak changes from the visible to the near-
infrared region. Then the effect of thickness on local electric field enhancement was investigated. By reducing the
thickness to 8 nm, the electric field enhancement factor has increased significantly to 290, which shows good potential
for sensor applications.

Keywords: Bimetallic Nanostars, Extinction Cross-Section, FDTD simulation, Localized Surface Plasmon Resonance
(LSPR)
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The impact of incident angle and field intensity on light transmission and gain control in
multilayer systems with a nonlinear layer

Akbar Ashrafabadiy, Ghasem NaeimiY, and Siamak Khademi\
\.Department of Physics, University of Zanjan, P.O. Box 45196-313, Zanjan, Iran

2 Department of Physics, Qazvin Branch of Islamic Azad University, Qazvin, Iran

Ashrafi.akbar@znu.ac.ir , ghnaeimi@iau.ac.ir , siamakkhademi@gmail.com

Abstract - In this article, the impact of the probe light incidence angle and the Rabi frequency of the coupling field on
the maximum transmission coefficient and the optical bistability thresholds in a one-dimensional photonic crystal, where
the central layer is doped with three-level lambda-type Rubidium atoms, is studied using the transfer matrix method and
the semi-classical model. The results indicate that the optical bistability thresholds and the maximum transmission
coefficient can be controlled by adjusting the incidence angle and the Rabi frequency of the coupling field. These findings
provide new insights for the design and optimization of optical devices for various applications in photonics and optical
signal processing.

Keywords: coupling field, Optical bistability, one-dimensional photonic crystal, three-level atom.
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Design of a Biosensor Based on Tapered Fiber Bragg Grating Using Finite Element Method
Numerical Simulation

Ali Kamal Noushabadi, Mohammad Ismail Zibaii, and Fazel Jahangiri

a.kamalnoshabadi@mail.sbu.ac.ir , m_zibaye@sbu.ac.ir , f jahangiri@sbu.ac.ir

Abstract — In this study, a numerical simulation of a biological sensor based on a Tapered Fiber Bragg Grating (TFBG)
was performed using the Finite Element Method (FEM) in COMSOL Multiphysics software. The main goal of this
simulation was to evaluate the spectral response of the TFBG structure and analyze its sensitivity to refractive index
changes in various biological environments, including water, plasma, liver tissue, and colon tissue. The simulation results
show the high sensitivity of the sensor to refractive index variations, with the calculated sensitivity of the sensor being
410.85 nm/RIU. This sensitivity value indicates the effective and precise performance of the sensor in detecting and
measuring refractive index changes in different biological environments, making it highly applicable in the development
of biosensing and chemical sensing technologies, especially in medical and biological analysis fields.

Keyword: Fiber Brag Grating, Electric Field Distribution, Tapered Fibers, Finite Element Method, Refractive Index
Sensor
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Comparison between dipoles of bromothymol-bell dyes: based on absorption spectra and
theoretical calculations

Maryam Shoraka, Soheil Sharifi, Nasser Shahtahmassebi and Mahmood Rezaee Roknabadi

maryam.shoraka@webmail.um.ac.ir, ssharifi@um.ac.ir, nasser@um.ac.ir, roknabad@um.ac.ir

Abstract- The effects of environmental properties on the linear and nonlinear response of Bromothymol blue (BTB) one
of the member of sulfon phthaleine dyes were studied. The role of the optical band gap and dielectric constant, as well as
thermal conductivity, on the optical properties of the BTB molecule were discussed using a Z-scan instrument with a
wavelength of 532 nm and power of 80 mW, a spectrophotometer, FTIR and Fluorescence spectra. The orders of the
nonlinear absorption coefficient, B, and the nonlinear refractive index, n2, of BTB were obtained as 10-7 cm/W and 10-
12 cm2/W, respectively. Dipole moment of excited state was calculated 3 time greater than ground state. The main factor
in the appearance of [} is reverse saturable absorption. It was observed that an enhancement of up to 5 times in the dielectric
constant of the environment caused a reduction of about 6 times in the nonlinear absorption and about 2 times in the
nonlinear refraction coefficient of the solution. Results of DFT calculations show an enhancement of the dipole moment
of BTB with an increase in the dielectric constant of the environment. It is suitable to use in optical limitters.

Keywords: Bromothymol Blue, dielectric constant, nonlinear refractive index, nonlinear absorption coefficient, dipole
moment
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Fabrication and characterization of near infrared perovskite light emitting diode
Ali Akbar Rostami, Mohammadreza Sadeghi Ghiri, Ezeddin Mohajerani

Laser and plasma research institute of Shahid Beheshti university, Tehran, Iran

photonics.alia@gmail.com , mrezasadeghi5@gmail.com , e-mohajerani@sbu.ac.ir

Abstract- In this paper, we present the design and fabrication of a perovskite light-emitting diode (PeLED) with an
emission wavelength of 720 nm, which lies within the near-infrared (NIR) spectral range. The device structure consists
of ITO/ PEDOT:PSS/ Perovskite/ PMMA/ Ag paste. Finally, to characterize and validate the performance of the
fabricated light-emitting diode, the current-voltage (I-V) characteristics, photoluminescence (PL) spectrum, and
electroluminescence (EL) spectrum were investigated.

Keywords: light emitting diode, perovskite, near infrared, electroluminescence, photoluminescence
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Effect of radial location of permanent magnets on electron motion in a plasma source with
divergent magnetic confinement

Ehsan Bernosi 1 and Mostafa Salahshoor 1 *
1 School of Physics, Iran university of science and technology, Tehran

*salahshoor@iust.ac.ir

Abstract- This research investigates the effect of the radial location of permanent magnets on electron motions within a
divergent magnetic field plasma source. The study employs a simulation method using the COMSOL software. Initially,
the electric field distribution resulting from the voltage applied to the cathode is calculated, along with the magnetic flux
density distribution caused by varying locations of the magnets. Subsequently, the electron trajectories are tracked across
different field distributions, allowing for the calculation of the percentage of trapped electrons at the end of the simulation.
Finally, the study discusses the effectiveness of the electron gun in confining electrons for various locations of the
magnets.

Keywords: Plasma source, magnetic confinement, electron trajectory
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Estimation of the lifetime of short telecommunications optical fibers and cables

Niloufar Pakzad Afsharl, Ali Emamil, Nosrat, Granpayeh2, and Faramarz Esmaeilie Serajil
1 Communication Technology Research Faculty, Telecom Research Center, Tehran, Iran,
2 Faculty of Electrical Engineering, K.N. Toosi University of Technology, Tehran, Iran.

n.pakzad.a@gmail.com, emami@itrc.ac.ir, granpayeh@kntu.ac.ir , feseraji@gmail.com

Abstract — Estimating the lifetime is very important in better planning of network maintenance tasks, preparing
replacement cables, and making timely decisions for cable replacement. This work is done by utilizing data related to the
constraints set by the manufacturer, results of relevant tests, gathering information from the field, and using probability
functions. This article discusses how to estimate the lifespan of a type of optical fiber used in short-range
telecommunications applications in Iran, utilizing the Weibull probability distribution and Mathematica software. In this
research, the length of the bent fiber and the radius of curvature have been analyzed and calculated with high accuracy as
the most important parameters affecting the lifetime of short fibers, so that the optical fiber used in the optical joint
performs well for a period of 20 years.

Keywords: lifetime estimation, optical communication cable, Weibull distribution.

" Weibull probability function
2 Mathematica
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Design and Simulation of an MMI Based on HfO2 Structure on SiO2 Substrate
Mobina Abbaspour, Mahmoud Nikoufard

Department of Electronics, Faculty of Electrical and Computer Engineering, University of Kashan

mobina.abbaspour1999@gmail.com, mnik@kashanu.ac.ir

Abstract- This paper focuses on the design and simulation of an HfO2-based MMI power splitter on an SiO2 substrate.
The waveguide structure was designed using the Lumerical software and the FDTD module. The outstanding properties
of HfO2, such as its high refractive index and thermal stability, enabled the proposed structure to achieve precise optical
power splitting in both TE and TM modes. Simulation results indicate that the optimal lengths for MMI1x1, MMI1x2,
and MMI1x3 configurations are 125.032 pm, 60 pum, and 42.5 um, respectively. Due to its insulating properties and
stability, this structure also performs similarly in the TM mode, making it ideal for multipolarization applications. The
optimized design reduces power loss and enhances efficiency, providing an effective solution for modern optical devices.

Keywords: Silicon Dioxide (SiO2), Hafnium Dioxide (HfO2), Photonic Integrated Circuits, Multi-Mode Interference
(MMI)
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Study of Convective Velocity in Nonlinear Optical Fluids Using Far-Field Patterns Induced
by Spatial Self-Phase Modulation.

Seyyed Kianoush Pakravanl, MohammadAli Haddad1,2*
1 Department of Physics, Yazd University, Yazd, Iran, PO Box 8915818411.

2 Photonic Research Group, Laser Spectroscopy Research Laboratory, Yazd University, Yazd, Iran, PO Box
8915818411

Kianoush.pakravan@stu.yazd.ac.ir , mahaddad@yazd.ac.ir

Abstract- In this research, the variations in the far-field diffraction pattern induced by spatial self-phase modulation
(SSPM) under different convective flow velocities have been investigated. SSPM occurs due to changes in the nonlinear
refractive index of the material, resulting from the thermal effects of laser energy absorption. These thermal changes lead
to the formation of concentric diffraction rings in the far field. Moreover, heat induces upward convective flow in the
sample, resulting in asymmetry in the ring structure. The results show that with increasing convective velocity, the ring
pattern changes from symmetric to asymmetric. In this study, the asymmetric display of the far-field interference pattern
dependent on the convective velocity has been investigated.

Keywords: Concentric Rings, Convection Velocity, Nonlinear Optics, Spatial Self-Phase Modulation, Thermal Effects.
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Investigating and comparing the effectiveness of microwave ablation and radiofrequency
ablation methods in the treatment of liver cancer

Fahimeh Hamzavil, Mohammad Javad Karimil, Mahdi Bahadoranl
1Department of Physics, Shiraz University of Technology, Shiraz

f.hamzavi@sutech.ac.ir , karimi@sutech.ac.ir , bahadoran@sutech.ac.ir

Abstract- In cancer treatment, various methods are used to eliminate cancer tissue. One of the modern techniques that
has recently gained attention is thermal ablation. This article examines liver tissue ablation using two different methods:
microwave ablation and radiofrequency ablation. The effectiveness of these two techniques and the thermal characteristics
related to tumor ablation, including temporal variation in temperature, volume of ablation, and destruction of cancerous
tissue have been evaluated. The results show that microwave ablation requires less time to completely destroy the
cancerous tissue compared to radiofrequency ablation and can affect larger areas of tissue. However, in microwave
ablation, healthy tissue is also at risk of damage.

Keywords: Coaxial antenna, Umbrella electrode, Radiofrequency ablation, Microwave ablation.
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Simulation and Fabrication of Rugate Antireflect optical coating

Anabhita Zabihi Samanil, Hamidreza Fallahl, Morteza Hajimahmoodzadehl, Hosein Zabolianl
1 Department of Physics, University of Isfahan

anahitazbh@gmail.com, hfallah@sci.ui.ac.ir, m.hajimahmoodzadeh@sci.ui.ac.ir , zabolian.hh@gmail.com

Abstract- In this study, the simulation and experimental testing of fabricating an anti-reflective coating using the Rugate
approach have been conducted. Python programming language was employed to determine the refractive index profile,
transmission spectrum, and electric field distribution in optical thin-film multilayers. The aim of this design was to achieve
a transmission rate of over 99% for the anti-reflective coating at a wavelength of 1064 nanometers. These simulations
were validated using the reference software Macleod, and the accuracy of the Python-coded outputs was confirmed. Thin-
film single layers were deposited in the laboratory for use in the final Rugate sample using the electron beam evaporation
method. Deposition parameters for the single layers were adjusted to achieve the desired refractive index and thickness
for use in the Rugate anti-reflective sample.

Keywords: Antireflection coating, Optical coating, Python, Rugate profile
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The Comparison of Aerosol Optical Depth Data Between Ground-Based Sun-photometers
and MODIS Satellite Sensors in Zanjan, Iran

Ebrahim Nozaripak*, Ahmad Assarenayati, Ali Bayat
PhD Candidate in Physics, Faculty of Physics, University of Zanjan, Zanjan, Iran
Master’s Student in Physics, Ludwig Maximilian University of Munich (LMU), Munich, Germany
Faculty Member, Faculty of Physics, University of Zanjan, Zanjan, Iran

a.nozaripak@znu.ac.ir, a.assarenayati@campus.Imu.de, abayat@znu.ac.ir

Abstract: This study assesses the accuracy of MODIS sensors (Terra and Aqua) in measuring Aerosol Optical Depth
(AOD) by comparing satellite data with AERONET ground-based measurements. Results show Aqua outperforms Terra,

with correlation coefficients of 0.75 and 0.73.

Keywords: Aerosols optical depth, AERONET, MODIS, Terra Sensor, Aqua Sensor.
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2 Terra-Aqua

3 Aerosol Optical Depth
4 AERONET
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Diffraction of vortex beams from phase sinusoidal radial gratings
Fatemeh Afsharipour 1, Ali Mohammad Khazaei 2, Hamidreza Mashayekhi 2

1- Faculty of Physics, Shahid Bahonar University of Kerman, Kerman, Iran,
2-Department Physics, Faculty of Basic Science, University of Lorestan, Khorramabad, Iran

afshari98f@gmail.com, khazaei.am@Iu.ac.ir, mashhr@uk.ac.ir

Abstract- vortex beam has a special characteristic called topological charge. Diffraction can be investigated by hitting
the vortex beam on a phased radial grating. In this paper, with the help of Fresnel-Kirchhoff integral, we analyzed
analytically the near-field diffraction of the vortex beam of a phase radial grating and produced diffraction patterns with
different characteristics with MATLAB software. The results of the investigation showed that the diffraction of the vortex

beams with positive and negative topological charges causes the rotation of the grating spokes in the clockwise and anti-
clockwise directions.

Keywords: diffraction, vortex beam, phased radial grating, Fresnel-Kirchhoff integral
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Enhancing Axial Resolution in Optical Coherence Tomography Using Deep Neural Network
Narges Rezaeil, Faegheh Hajizadel, and Ehsan A. Akhlaghil,2

1Department of Physics, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan
20ptics Research Centre, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan,

nargesrezaei@iasbs.ac.ir

Abstract- Optical Coherence Tomography (OCT) is a non-invasive imaging technique used for imaging biological
tissues, though its axial resolution is limited by the coherence length of the light source. To improve this resolution,
hardware and computational methods such as broadband light sources and deconvolution algorithms are employed,
though these methods often involve computational complexity. This paper introduces a deep neural network to enhance
the axial resolution of OCT and eliminate the effect of the Point Spread Function (PSF). The network consists of five
layers with 800 neurons in each hidden layer. Training data were generated from simulations of two-layer samples with
20% noise. Results show that this network can detect boundaries in samples with thicknesses below the axial resolution
limit with 92% accuracy, effectively removing the PSF effect.

Keywords: Optical coherence tomography, Axial resolution, Deep learning and Neural network.
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MIL-88(Fe)-NH2/Pd Nanocomposite and its application in removing Methyl Orange(MO)
dye
Zahra Ahmadimaneshl, Babak Jalehl, Mahtab Eslamipanahl, Hassan Sepehrmansourie2, Mohammad Ali Zolfigol3
1Department of Physics, Faculty of Science, Bu-Ali Sina University, Hamedan.

2Faculty of Converging Science and Technologies, University of Qom, Qom, Iran, 37185-359.

3Department of Organic Chemistry, Faculty of Chemistry and Petroleum Sciences, Bu-Ali Sina Univer-sity, Hamedan,
Iran.

daryaahmadi383@gmail.com, jaleh@basu.ac.ir, eslamipanah.mah@gmail.com, sepehr9129@yahoo.com,
zolfi@basu.ac.ir

Abstract- In this research, palladium nanoparticles were first synthesized using the laser ablation in deionized water
environment. Also, MIL-88(Fe)-NH2 metal-organic frameworks were produced using the solvothermal method at a
temperature of 120°C. In order to accumulate palladium nanoparticles on the synthesized metal-organic framework,
ultrasonic and magnetic stirring methods were used. X-ray diffraction and scanning electron microscopy were used to
investigate the structure and morphology of the synthesized nanocomposite. By adding a catalyst MIL-88(Fe)-NH2/Pd,
without the presence of a reducing agent NaBH4, no change in the color of the solution and the UV-Vis spectrum was
observed After adding the fresh solution NaBH4, the degradation process of the color was observed, and the solution
became colorless.

Keywords: Metal-organic framework ,Removal of organic pollutants, Laser ablation, Palladium nanoparticles
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Modeling of chemical plasmonic sensor based on gold/silver noble metals and asymmetric
fiber optic structure with loss of 1.4 dB/cm

Anis Omidniaee, Hadis Fouladi, Arefeh Hajivand, Ali Farmani
Electrcial Engineering Department, Lorestan University, Lorestan, Iran

Abstract- This paper deals with the simulation of a fiber optic chemical sensor. In this work, considering the effect of a
silver and gold complementary layer with an optimal thickness of 0.5 pm and a fiber depth of 0.1 um, the effect of changes
in geometric parameters, complementary layer thickness, and fiber depth on the confined losses has been investigated. At
an optimal thickness of 0.5 pm, the maximum confined losses of 4.1 dB/cm were obtained with a change in the refractive
index of the analyte of 1.34 The results also show that the greater the distance between the fiber core and the cladding,
which is described by the fiber depth, the less confined losses and the distance between the wavelength peaks is reduced
to 0.8 pm.

Keywords: Surface plasmonic, Noble metal

IUST_ICOP2025_Proceedings_040207_MS.docx Yoy 500N axio



xonics g
oo ')
o e,

3 011 S gigd § St il i (oSt g o 4ol lli
181 Seigigh (539 g (ounkigo Lt i e it

ywg) Ol

oobe By B, Bs G C; Cs

Sekew | =295 | < ¥V | ARV | < 2AF | <15 | AR

o e R Ll slei ) JSS
aS WS oo oy | o,)lael jlele SO golpiny LSl
loae 88l Sz 0 9 0,0 0929 Y Ca olael jo Lasd s
Sed S S0 5 5 50 ol 28 Ol @as8 sl
e slo gl b Ubloyis JoSo 4l SG 325k 5 lore
o oalin aS b Hlea Gl VIS jo wigd o Sy

gl g0 olan I8 baugs b sl aelly (gl 090
Cillan Sl g3 Jobo 53 o250 55 2t llor L6 oS

OG0
3
1.0 1.0
ln,a 0.8
A —0.6 —0.6
s
<]
£ —04 —04
IS
0.2 0.2
0.0 0.0

0. 0.1 0. 8 0.0 .
X (microns) x (microns)

Ol I 45 ogdzme Cwalis 5 S0 b ol Ll TS

Tons(dB om)

Sz olul Hex @b Thy S 4 6 md sl R
sl plase plppe Codgan ol S ol cl LB
@lize gle a0 ok o )5 L g cwdbolineg 2SI
b sl genlly wais 6 9 sl S [Vl
5 6 Syd Caje 90 &S s Guazr b S
e S 3l 6,500 5 e VT wils 1) o slo gemlly
09y atetS Sl JSED - (6,988 (e CnSh  p2
Oy dhox 5 s la 89, &S e 8 5l el oo
Sl .ol oo oolazwl asjlo lo Sldl b b gas ey o543
ol sle clale s B 5 0ol la awoys TV, ISy
Solde sl HB) aws o aseid 1) as 0l 5l S
Y] il oo ool oSiws (I b 58,5 )15 g 009 UL (SIS

T 69 9 Ju

& 65 b md SFr Kp olyb a anllas ol 5o
ouds iy U/ 0,85 JoSe slo U 5l eolainl L D i
SUS Sy anels (goae Jo by, 5l jekaie ol (sl ol
Sl 00 ool.é.’l...;‘b_?da.wdb Ogemolly dyais &l dgae
oo‘oQLﬁJ\ Jiw)ooMfljb)iabbL@am)|@b
9 79,5 VYO AT i 5 4y (3579, 5 atn Hlab Cal ons
)5 0 50 yd UL o Censyd yio 9,80 ) (D) ] Bas
Sl K oole 5l (155, g s o0le iz a5 .ol 00
B0 dg Cwles booyds g Us oo slo 4l sl ouds
SG ol 49 00T (o0 18 69 ped s 590 gl
Sgliie ConSlis culpo b cdbl o1 (59, g 05 o Joo S
L wl?haa(L)f)s W‘)—M VorF- ) FY 0dgdZa 4O
ol Dl i 4 olistws Gl yieg Ko+ .09 YOS 5
plolu dlayly 5l dlge  SuuSTy dloles. conl oads (g 5le dign

[F]. 058 (oo B yes
B;A? B,A? B;A?

1
2

1
_C1+12_C2+)\.2_C3 ()

2 =1
n“(A) +}\
G5y 9 4imd sl A zoe Job 4 anily n2(A) ] o o5
63,51 ) Jsaz ;5 a5 Canl plabes culys oaims lis a5 cal
g Ub 5 0)di ol hogi jslate 4 (pizmes Sl ond
39 oo 0olitul 39,0 i yo) Joe 3l z e Jsb 4 Ll (Sl

IUST_ICOP2025_Proceedings_040207_MS.docx

Yoy 51009 axin



7

3 011 S gigd § St il i (oSt g o 4ol lli
181 Seigigh (539 g (ounkigo Lt i e it

ywg) Ol

e

o9k lew yd Vor B9k es jlade b aS aes oo (LS s
LY Jade 4y olals mSlas oS Wgd (o0 conline O IS jo oS
88 Sl (Jlo )3l 09 (oo sguzme e (Bl (b (oo
© D 3ek5 Ges
S5 g o0 Gl 09 (oo onmlive e (iluy b owd
Sade az o g0yl WSe cans wlali b 8 Ddgdi gec a5

Sl s 00l jgame Slal all ;eSS D 344 Ges

£ lode periee yio Blo p Jy owo

lass(dthcm)

wavelegihiyun)

SedD 84S Gac Lol jgamme Ll 505l S

Slobae b olge 388 (b rogs lp IS ek @
555 o o3 il esla 39 (o Loy (003 55 gl
Capin |y olgds 0aiSTy sl wiles) s slo Lasl, Wil oo a5
woly8 astice e o3lwl SO b i 8o (WS jab 4y aiS
85 als o yim e Sl ) )T sl ) aSe 09l e
3 LS leslal b e Slpess Sl eizred WS (o0 (S
5 00 51 8 Gal8l bl ools I3 o) 3550 S
bl o)ls (Rl ool jpazme DLl ol SUL 4 3550
Ol ey Sg oy Se Gl 0alds jguame Sl L uilS 3
ool 55l YA LS )8 10 9,50 VYO VYO olal o
09y B0 sl b 52 0 LuilS 8 pas b o el
sdal Cawd s o Blup b (owd £i0 jlodke (p pieS olals

et il b g (b gla el o)l Sl
9k Oled 098 (oo e V. TF ClSKE o po 0 e Job
05 o |y 08 U S5 51 L 29 e onlia¥ S 48 oS
N b Boe b leg St B Culd a4y (xhaw la (o)l
Es Sloy wadd omy wl ools S8 (o 9550 ey S ¢
g Wwd (Ed> Foo CuaSd o pd Sl 930 a5 wad (e
VYV eS8 oo b T (b sla penilly (5l
o FA A Codgaze L Sl S Tas 4 jovie guiS oo S
alold Judo 4 ol jgamme ol (nl 09t (oo jo (Sl n
) Seas Genl peizmen Lo Sl S din g b Boo (o
03,5 (o ypt ConS o p8 Dl Gl (Sl odgazme SG 0
Job 5l b Olge ) ool ygame Clils 5.8 15k 4 0l
ek VYA §) FY- VLYY Ul 51 el sagiome (sl zg
Jsb )3 i 358 (oo ovmline F S350 45 5ok plen. o
shls a5 cwl JUL oo Job Conlas Kby 55,5 2oe
aS el yio lo o b owo V. Foud jpame Sl iSTas
alols aas o7, V.YV 0 el caSs oo Ol b
Cealies b o jgame Sl (gl - Ae alols o zge Jsbo
GBIl el Ub 50,85 JoSeo slo U (sl yag ;S + 0,
s £) e gl ansly palS Gl iSlas coslius

el 00l i1 2o s

el 3

foel M —
—_

V.\.i\ul\‘:.‘_.'(l<,.||‘r
o ygaama lils b Gl s > i g F IS
SeASIl o 5 e 0 A (ol sl gl sl
sl ally Sgpm laore b Julss oSl (gl gl o 0
b syl a5 bl 5l ass (b 1y g GUsk sems w1l

Sl dinge 105 1) Sl 50 4 sy 6l 1) (BI 655
Cawl 00 e He-Y - )LXLOM)Q Q}mdao&

IUST_ICOP2025_Proceedings_040207_MS.docx

Yoy 510V axin



3 011 S gigd § St il i (oSt g o 4ol lli
181 Seigigh (539 g (ounkigo Lt i e it

gy WUGo

L 09,5 YO #3Y0 U jLoble olal aulidl b a5 Jb o
30 Sl @Bl 0l38l ol jgame Sl Gl e les

IR W) OQ)ET ).._‘>‘ 6[& M?)" )l ‘5'>).: la C.tl.u d.mal.a.a \ Jsd?

G5 b bt S SO gile and @ e cpl o
U g 05 g 315 LoSio 5l o) 2 sl 0 i
layiell i b aS a8 (oo (LiS b a3 JoSe 5l
9 50 00 (e b gelly Ol sd Bee (pwiin
FogSan tur Dy Culud )3 9 358 (00 dbml S iSUl (60
Olai b e 8l b (o) ¥ ol jgame Clali iSTas

Gl oaal Cows 0 V.Y clbl cusls o o

S 3 35wl
'M*fcs"é)‘}i“g“wbd@éd;&w“)"" ;|

Lz o

1- Roriz, Paulo, et al. "Optical fiber temperature
sensors and their biomedical applications.” Sensors
20.7.2113.2020.

2- Zhao, Hongxia, et al. "Research advances on
fiber-optic SPR sensors with temperature self-
compensation." Sensors 23.2. 644. 2023

3- de Barros, Thales Henrique Castro, et al. "D-
shaped optical fiber-based refractometer for olive oil
adulteration detection." Food Control 166 110741. 2024
4- Pathak, A. K., and V. K. Singh. "Theoretical
assessment of D-shaped optical fiber chemical sensor
associated with nanoscale silver strip operating in near-
infrared region." Optical and Quantum Electronics 52.4
199.2020

5- Younis, B. M., et al. "Simulation of a Sensitive
Mid-infrared (MIR) D-Shaped Optical Fiber Water
Pollutant Sensor." Plasmonics 19.41823-1838.2024

6- Gan, Xiaoyong, Hongzhi Xu, and Shubo Jiang.
"A High-Sensitivity D-Shaped Microgroove Photonic
Crystal Fiber Gas Sensor Based on Surface Plasmon
Resonance." Plasmonics 1-11. 2024

adis

j&)' A[p/)u) /)u«..'/)/)ﬁ u/j.,«.w Z) 0.1.:')},.4?54 bl j/.)}&u'./c‘jx.ﬁ

B o Ko ol 098 oo caline £ JSS j0 a5 job ylen
yeme Slali lade Av e U LLSle e I8l L 9,00 B0 s
] @Bl ralS ol

o sle yiagy 1 o b als anglio ) fya>

lals
Job oogame s
el S I s T
(NM) ;x5 re
(dB/cm)
s [ U/ ol
S/ W Do oYooo €. [0]
g
S5 Jhw S
0,/ s/ LRI P £ [#1
ot Sl
)
Ve Ny ).¥ o2
,E

IUST_ICOP2025_Proceedings_040207_MS.docx

Yoy 5100 axin



3 011 S gigd § St il i (oSt g o 4ol lli
181 Seigigh (539 g (ounkigo Lt i e it

gy WUGo

VoV jhewls o 3l cadled 69y p (Sluil cawllig pund (Johw (500 (5 95— Comn ) oo Jil (b3,
#9258 (e o LAl (g (60 ,Kas Lils yo pledl yligas 8 raslese

(8555t oo gl ctallln ()55l sy (6 5 sl (bl ol 5205, T Sl 32, 5 (UV) s ol sle x| oSy
2 5m] el Slsiear VIV SLals @3l colled ads gy Oldl (ogy slocallis yed ;5 UV 51 (236 55551 2(BPM)
Ol B VY 5Lewls codled o295 BB jsbas UV aS ols olis b ol g 8 oslail jlas 1 g cels YY 5 FA YF sl
A 05,5 5 ol 50 b oads Jlas oo amo e IS 1, Sulled ol 5 4505 55 UV il o Jlo 5 camo s
SS Olgiedy g osls Lrals 1y UV 51 Lol jeue ] wlss oo BPM S aas oo (lid gl ol ssls las (658 VIV Ll codles

D5 oslaiwl Cowgy Colle syl g cladlons sl gloys o,

o) Cadlad ¢ Sludl Canllsg b slo ok <595 ~ s Jroas —03lguuds

Biophotomodulation Effects on Caspase-3/7 Enzyme Activity in Human Dermal Fibroblasts
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Abstract: One of the major contributors to skin damage and aging is UV radiation, primarily through the induction of
apoptosis in skin cells. This study investigates the effect of Biophotomodulation (BPM) by using laser radiation on UV-
induced apoptosis in human dermal fibroblasts, focusing on Caspase 3/7 enzyme activity, a key marker of apoptosis. For
this reason, human dermal fibroblasts were treated under four conditions: UV + laser (UL), UV-only (U), laser-only (L),
and untreated control (CT). Caspase 3/7 activity was measured at 24-, 48-, and 72-hours post-treatment. The results show
that UV exposure significantly increased Caspase 3/7 activity, with a peak at 72 hours in the UV-only group, indicating
high levels of apoptosis. However, fibroblasts treated with UV + laser exhibited lower Caspase 3/7 activity compared to
the UV-only group at all time points, suggesting that BPM mitigates the apoptotic effects of UV radiation. Cells treated
with laser alone, as well as control cells, displayed consistently low Caspase 3/7 activity, indicating minimal apoptosis in
the absence of UV stress. These findings demonstrate that laser reduces UV-induced apoptosis in human dermal
fibroblasts, suggesting it may have potential as a therapeutic strategy to protect skin cells from UV-related damage and
promote skin health, particularly in anti-aging and skin repair therapies.

Keywords: Biophotomodulation, Human Fibroblast Cells, Enzyme activity
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1. Introduction using a UV lamp (model: GMKJ). Prior to

Human dermal fibroblasts (HDFs) play a crucial
role in maintaining the structural integrity and
functionality of the skin by producing collagen,
elastin, and other  extracellular  matrix
components[1, 2]. Skin aging is an ongoing process
in which environmental damage, compounded by
the natural aging of the skin, dictates the final
appearance of the skin. The process of aging is a
multisystem degenerative condition affecting the
skin and its supporting tissue. However, as the skin
ages, both intrinsic factors such as cellular
senescence and extrinsic factors, notably UV
radiation exposure led to a decline in fibroblast
function. UV radiation is particularly harmful,
inducing DNA damage, oxidative stress, and the
activation of apoptosis pathways[3]. This
contributes to skin aging, with increased wrinkling,
loss of elasticity, and impaired wound healing.
Caspase 3 and 7 (Cas 3/7) are key enzymes involved
in the execution phase of apoptosis[4]. Their
activity serves as an important indicator of cell
health, with elevated levels signifying programmed
cell death. In aged cells, especially fibroblasts, Cas
3/7 activity tends to be higher due to accumulated
damage, while in younger or normal cells, this
activity remains relatively lower, reflecting
healthier cellular function[5, 6]. BPM, also known
as low-level light therapy (LLLT), has emerged as a
promising non-invasive technigue to mitigate the
effects of aging and cellular damage[7, 8]. By using
specific wavelengths of light, BPM can stimulate
cellular repair processes, reduce oxidative stress,
and potentially regulate Cas 3/7 enzyme activity.
This therapeutic approach is gaining attention for its
potential to rejuvenate aged fibroblasts, protect
against UV-induced damage, and promote healthier
skin cell function.

2. Methods
2.1. Cell Culture

Cells were cultured in Dulbecco’s Modified Eagle
Medium F12 supplemented with 15% fetal bovine
serum and 1% penicillin-streptomycin (100 U/mL)
at 37°C in a humidified incubator with 5% COs..
Cells were subcultured at 70-80% confluence and
used between passages 4 and 7.

2.2. UV Irradiation

To simulate UV-induced skin damage, HDFs were
exposed to UVB radiation at a wavelength 365 nm

irradiation, the medium was removed, and cells
were washed twice with phosphate-buffered saline
(PBS). A fresh layer of PBS was added to prevent
desiccation during exposure. Cells were irradiated
at a dose of 4 J/cm2 UVB for 1 minute, determined
as a sub-lethal dose based on preliminary
experiments. After UV exposure, PBS was
removed, and fresh culture medium was added
before incubation.

2.3. Biophotomodulation Treatment

BPM was applied using a light-emitting diode
(LED) system emitting light at wavelengths of 630

nm (red). Cells were irradiated at an energy density

of 4 Jlcm2 for 1 minutes, following previously
optimized parameters for fibroblast stimulation.
The light source was positioned 1cm from the
culture plates to ensure uniform exposure. Control
groups were kept under the same conditions without
light treatment (Table I).

Table |. Radiation Features

Name and Type of Array | LED Array
Wavelength 365, 650 nm
Radiation Method Continuous
Output Power 1w

Energy 4 Jlcm?
Area 1.9cm2
Time 1 minute

2.4. Caspase 3/7 Activity Assay

Caspase 3/7 enzyme activity was measured to assess
apoptosis in both normal and aged HDFs following
UV exposure and BPM treatment. Cells were
harvested at 24-, 48- and 72-hours post-treatment.
Cas 3/7 activity was quantified using the Caspase
3/ Assay Kit (Kiazist), following the
manufacturer’s protocol. Briefly, after treatments,
cells were lysed, and the caspase substrate was
added to the lysates. Luminescence was measured
using a microplate reader (BioTek Synergy) to
determine the relative levels of Cas 3/7 activity.
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Statistical analysis

Data were normalized to protein concentrations,
determined by the Bradford Assay graph pad prism
12.

3. Results and Discussion

Across all time points, the U group showed the
highest Caspase 3/7 activity, peaking at
approximately 4 mU/mL at 24 and 48 hours, and
further increasing to 5 mU/mL by 72 hours. In the
UL group, Caspase 3/7 activity was consistently
lower compared to UV alone, peaking around 3
mU/mL at 24 hours and declining slightly over time.
The L and CT groups displayed relatively low
Caspase 3/7 activity throughout, with minimal
changes, indicating low levels of apoptosis in these
conditions (Fig.1).

Standard Curve
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= B & 72h
3 P
g 0.99 _—a
£ g
8 — o
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Fig. 1: Standard Curve of Enzyme Activity

5+
mm UL

4 - U
- L

3-
= CT

N
]

-
1

Caspase 3/7 Activity (mU/mL)

o
L

24h 48h 72h

Fig. 2: The Caspase 3/7 activity was measured in human
dermal fibroblasts at 24-, 48-, and 72-hours post-
treatment under four different conditions: UV and
Biophotomodulation (UL), Uv  alone V),
Biophotomodulation alone (L), and Control (CT). The
data are presented as enzymatic activity (mU/mL)

This study highlights the protective effects of
Biophotomodulation in reducing UV-induced
apoptosis in human dermal fibroblasts, as evidenced
by lower Caspase 3/7 activity in the UV + BPM
(UL) group compared to UV alone (U) at all time
points. UV radiation significantly increased
Caspase 3/7 activity, indicating heightened
apoptosis due to cellular damage. However, the
reduction of this activity in the UL group suggests
that BPM mitigates the harmful effects of UV
exposure, potentially by enhancing cellular repair
and reducing oxidative stress.

In contrast, fibroblasts exposed to BPM alone (L)
exhibited low Caspase 3/7 activity, similar to
control (CT) cells, indicating that BPM does not
induce apoptosis under normal conditions. These
findings support the potential of BPM as a non-
invasive therapeutic strategy to protect skin cells
from UV-induced damage, with promising
implications for preventing photoaging and
promoting skin health (Fig2).
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Comparison of Fourier transform and wavelet transform methods to remove noise and
Raman signals

Sara Ghatan Kashani, Majid Nazeri

saraghatan78@grad.kashanu.ac.ir, m-nazeri@kashanu.ac.ir

Abstract - In this research, in order to improve the quality and reduce signal noise, two analysis methods including

Fourier transform and wavelet transform have been investigated and compared. Raman spectroscopy has been used to
extract the spectrum of the saffron sample, but the presence of noise in Raman spectroscopy prevents the optimal analysis
of the signal and necessitates the use of efficient methods to remove the noise. In the Fourier transform method, after
applying appropriate filters to the signal, the noise is reduced and the signal is reconstructed. On the other hand, the
wavelet analysis method shows a more effective performance by choosing the basis function appropriate to the signal
characteristics and using the thresholding technique. Also, the signal-to-noise ratio (SNR) of the original signal is 31.62
dB, and after removing the noise, this ratio is reduced to 27.95 dB in the Fourier method and 10.24 dB in the wavelet
method, which shows the high efficiency of the wavelet in signal improvement.

Keywords: Raman spectroscopy, noise, wavelet, Fourier transform, thresholding
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Analysis and Simulation of a Novel Plasmonic band-pass Filter

Composed of Square coupled-mode Resonator with Triangular Cavity
Amirhossein Shams, Hassan Kaatuzian ,Sara Gholinezhad Shafagh

a.shams@aut.ac.ir , hsnkato@aut.ac.ir , sara.shafagh@aut.ac.ir

Abstract- A new Metal-insulator-metal (MIM) waveguide structure with a square resonator and triangular cavity for a

plasmonic band-pass filter is proposed. Its operation is explored using the method of finite difference in time
domain(FDTD) analysis and simulation. A set of detailed analyses of the structural parameters, such as waveguide and
resonator dimensions, is done to delineate how these parameters modify the transmission characteristics. This filter

demonstrates high performance and has various applications in the design of optical integrated circuits where precise light
filtering is required.

Keywords: Surface plasmons, plasmonic filter, Metal-insulator-metal plasmonic waveguide.
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Introduction

Surface Plasmon Polaritons (SPP) are hybrid electron-

photon oscillation that occur at the interface between a
conductor and a dielectric that is excited on the surface
of metallic materials through the interaction with incident
light [1,2]. Because the intensity of the SPP optical field
decreases exponentially in a direction perpendicular to
the boundary, SPPs would be confined at the boundary
between metal and an insulating layer [3]. Thanks to their
extraordinary property of beating the diffraction limit [4],
SPPs play a very important role in applications at the
nanoscale level, such as optical manipulation,
transmission, processing, and control in densely packed
photonic integrated circuits [5].

In the last years, Metal-insulator-metal (MIM)
waveguide-based devices with SPPs have drawn
considerable interest and been widely studied due to their
strong localized field properties with good propagation
lengths [6,7]. Moreover, MIM waveguides are used for
the development of novel optical sensors because they
can deliver the light for big distances with minimal losses
of the signal. These sensors exhibit very high sensitivity
to minor changes in the surrounding environment
conditions. For example, MIM-based sensors can easily
detect the changes in the refractive index of the medium,
which makes them highly useful in the development of
chemical and biological sensors [8,9]. One practical
application of MIM waveguide-based devices is the use
of plasmonic filters for wavelength separation in optical
communications. These filters, due to their high ability to
control and guide specific wavelengths, can enhance the
performance of communication systems. For instance,
plasmonic filters can be used in wavelength division
multiplexing (WDM) in optical networks, thereby
increasing the data transmission capacity of these
systems.

In this paper, we propose a simple and new plasmonic
band-pass filter composed of a straight waveguide
connected with a square resonator containing a triangular
cavity. The results show that this filter provides a high-
quality factor with a narrow bandwidth. We highlight the
effective filtering capability of this structure and analyze
its filtering characteristics based on the finite difference
in time domain(FDTD)method and mode-coupling
theory, and then we are going to discuss Model and
Calculation Method.

Model and Calculation Method

Figure 1 illustrates a coupled system comprising one
metal-insulator-metal waveguide structure with a square-
shaped resonator and a triangular cavity inside it. In the
case of this illustration, the blue region denotes silver,
while the white region represents air (n = 1.0). Here, a is
the length of the square resonator, and L1, L2 and L3
represent the length of three sides of the triangular cavity

within the resonator. Meanwhile, d is the distance
between waveguide and resonator. In the calculation
process, the relative dielectric constant of the silver
material we chose can be defined by the Drude dispersion
model [10]:

mZ

em(w)= g0 —m(w—fiy) ()]

Where goo represents the dielectric constant at an infinite
angular frequency, with a value of 3.7, wp denotes the
plasma frequency of the bulk material (o, = 1.38 x 10
Hz), and y is the frequency of electron collisions (y =
2.73 x 1013 Hz). Meanwhile, w is the angular frequency
of the wave in a vacuum [11]. In the context of our
simulation, the magnetic field aligns with the y-axis, as
the incoming light used to excite the SPP mode is TM-
polarized [12]. The approximate resonance wavelength
for the ring resonator can be expressed as follows [13]:

Ap = %, m=1,2,3,... 2

where Leff is the effective resonance length, Re (Me) IS
the real part of the effective refractive index of the SPP
and then We will proceed to discuss Simulation results

and discussion.

x

Figure.5.Schematic diagram of the proposed plasmonic filter

Simulation results and discussion

Figure 2 represents the transmission spectrum of the
structure shown in Figure 1, numerically computed by
using the parameters : a=500nm, a1=280nm, a2=100nm,
a3=340nm, 4a=460nm, w = 50 nm, L1 = 120 nm,
L2=139nm, L3=139nm and d = 50 nm. The four
resonance troughs occur for incident wave wavelengths
ranging from 750 nm to 4000 nm at resonant wavelengths
of 1621 nm, 1289 nm, 944 nm, and 766 nm. The
minimum transmittances for those wavelengths are
58.2%, 19.1%, 4.2%, and 8.4%, respectively. The full
width at half maximum is 9 nm, 6 nm, 8 nm, and 5 nmin
these resonances. The corresponding quality factors in
these resonant wavelengths are 180,214,118,153,
respectively.
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Figure.7.. The transmission spectrum of the different values of
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For the further evaluation of the results obtained in this
paper, the resonance  wavelength,  minimum
transmission, and quality factor pertaining to the
plasmonic structure filter we proposed are compared with
various other works and are presented separately in Table
1. It is obvious that our proposed filter exhibits better
quality factors and transmission compared to the other
works. Figures 4 and 5 illustrate the transmission
diagram and the minimum transmission diagram,
respectively, for different values of (a).

Table 1.Comparisons between the proposed filters and other

literatures.
_ Estimated
rof resonance minimum quality
wavelength(nm) | transmission f
actor
[9] aA- 0.04% 39
[1¥] 1754 - £Y,v4
[10] 786 18.24% 108.86
This 944 4.2% 118
work
Conclusion

This paper discusses the surface plasmon polaritons that
are excited by light interacting with a metal structure and
may find applications in photonics circuits due to their
ability to operate at sub-wavelength scale. As such, MIM
waveguides have been studied in recent years, as these
can provide light transmission along the MIM structure
with much longer propagation length than traditional
SPPs without losing signal. Applications can be found
mainly in chemical and biological sensors. In this paper,
a novel and easy plasmonic band-pass filter is proposed,
which consists of a linear waveguide coupled with a
square resonator containing a triangular cavity. The
proposed filter design would provide a high-quality
filtering performance through narrow bandwidth, which
is verified by FDTD simulations and mode-coupling
theory. The results of simulation for a wavelength range
of 750 to 4000 nm show that four resonance peaks at
minimum transmittance of 4.2% and narrow bandwidths
at these resonances are achieved.
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Optimizing the Recombination Junction in Monolithic Perovskite/c-Si Tandem Solar Cells

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

B.eftekharinia@nit.ac.ir

Abstract- An analytical procedure is proposed to evaluate the performance of tandem solar cells with multilayer
interfaces. The short-circuit current densities of the cells are calculated using the electronic parameters in the perovskite
and Si. The photocurrent of the tandem cell is optimized with respect to the refractive index and the thickness of the
intermediate recombination layer (IRL). For low index IRLs (n < 1.8), the c-Si photocurrent limits the device
photocurrent, whereas for high index IRLs (n > 2.5), the perovskite limits the device photocurrent. When the refractive
index of the IRLs is around 2, the thickness of the IRLs is critical and a thickness in the range of 200 to 300 nm maximizes
the performance of the tandem cell. The photocurrent densities as high as 18.4 mA.cm-2 can be achieved using ITO (200-
250 nm thickness) as the IRL when using 250 pum thick Si wafers.

Keywords: Perovskite materials, Silicon, Tandem solar cell, Intermediate recombination layer.
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1. Introduction

Photovoltaics is now a viable alternative to natural gas
and other sources of electricity generation. Recently, the
efficiency of Si solar cells has reached 26.6%, which is
very close to the theoretical limit [1]. The use of multi-
junction tandem structures is one of the ways to
overcome the theoretical efficiency limit of a single
junction solar cell [2]. Among different configurations,
monolithic perovskite/silicon tandem solar cells show
significant promise for commercialization due to the high
efficiency and competitive pricing of both perovskite and
silicon solar cell technologies.

An important part of a monolithic perovskite/silicon
tandem cell is the intermediate recombination layer (IRL)
that connects the two cells in series. The optical
properties of this layer have a profound effect on the
performance of the tandem cell, since in an ideal tandem
device the photocurrent of the two sub-cells should be
equal, with front side reflection and parasitic optical
absorption being minimal.

In this paper, we report on a semi-analytical model for
full-wave analysis of light propagation in a perovskite-Si
solar cell. Our modelling approach allows us to diagnose
the tandem cell and determine the parameters that affect
tandem cell performance. We use this method to design
the IRL of the perovskite-Si tandem cell. We investigate
the refractive index range of practical materials found in
nature for methylammonium lead iodide (MAPbDI3)
perovskite material. We also vary the thickness of the
IRL, the perovskite layer, and the Si wafer.

2. Methods and Device Structure

The schematic structure of the monolithic tandem solar
cell investigated in our work is shown in Fig. 1. The top
cell consists of the MAPbI3 perovskite layer sandwiched
between Spiro-OMeTAD as a hole transport layer (HTL)
and TiOz2 as an electron transport layer (ETL). A stack of
In203:H and Sn:In203 (ITO) contacts the HTL from the
front through a protective MoO3 buffer layer. To
minimize front side reflection from the tandem cell, an
antireflective MgF2 layer is deposited on top of this
layer. From the bottom side, the TiO2 is in contact with
the Si bottom via IRL. The Si heterojunction bottom cell,
shown schematically in Fig. 1, typically has p- and n-
doped Si layers. On the rear side, the Si wafer is contacted
with silver through a transparent conductive ITO layer,
which is the case in Si heterojunction solar cells. The
tandem cell of our study represents a general case of the
cells that have recently been realized experimentally [3].
The refractive index values of different layers of this
tandem device are obtained from Refs. [2, 4].

Fig. 1: The schematic of a perovskite-Si tandem cell that is used
for simulation reported in this article.

Simulation of light propagation in tandem cells requires
multi-scale modelling because the dimension in the top
cell and the rear layers of c-Si cell are in the nanometer
range whereas the Si wafer is micrometer scale [2]. The
light interaction with nanometer-scale objects can be
modelled using full-wave electromagnetic numerical
methods such as finite elements or finite difference.
However, these established methods cannot be directly
applied to the perovskite-Si tandem device due to the
large thickness of Si wafer, generally a few hundreds of
microns. We take a different strategy where we break
down the tandem device into three parts: i) top-cell, ii) Si
wafer, and iii) the rear contact. These three parts are
schematically shown in Fig. 2(a)-(c), respectively. The
parts i) and iii) are simulated using finite elements
method. The reflectance and transmittances for the top-
cell are calculated considering two different light
incident directions (Fig. 2(a) and (b)). The reflectance
from the rear-cell is also calculated using a similar
approach (Fig. 2 (c)). In the following we describe in
detail the numerical simulation followed by the analytical
formalism to take into account presence of the Si wafer.
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Fig. 2: Different steps of perovskite-Si tandem cell
simulation. Panel (a) shows the situation that a beam
illuminates the cell from the perovskite side. Panel (b) shows
the situation that the top-cell is illuminated from the Si side.
Panel (c) shows the rear part of the Si cell. Panel (d) shows
the c-Si wafer in which top and bottom-cells are substituted
with reflectance and transmittance parameters obtained
from the simulations of Panels (a)-(c).

The top cell and the rear contact are essentially layered
media consisting of a number of different materials. They
are modelled separately by full-wave finite element
simulation. The incident light is modelled as a plane
wave, mathematically described by E=
YEoyexp[—jkoz] where the z-axis is normal to the
surface and k, = 2m/A is the wavenumber. From the
incident light, fraction TTT enters the Si wafer. This light
propagates across the wafer and keeps bouncing up and
down between top and bottom of the wafer where it loses
parts of its energy to the Si in each pass and part of its
energy either leaks out or dissipates upon reflectance
from the interface.

The optical absorption in the perovskite, Apskt(X) is
calculated by integration of power absorption density
over the entire volume of the perovskite layer. For
calculation of the optical absorption in Si, we need three
parameters: i) RTB, ii) RB, and iii) single-path
absorption in Si wafer nSi(A). This last parameter is
described by ng;(A) = exp(ag;(A) X tg;), where ag;(A) is
the absorption coefficient of Si and tg; is the Si wafer
thickness. For a light beam that propagates normally
across the Si wafer, the optical absorption in Si is the
summation of multiple paths that light beam makes
through the wafer.

This short-circuit current density calculation was
formulated by multiplying the light absorption in the
bottom cell, APSKT (A) and ASi (A) by the photon flux
transmitted through the top cell:

Asp
Jsc = ef; PamrscMAMAIA (1)

Ast

where e is the elementary charge, ¢amisg(A) is the
AML.5G irradiation spectrum, Ag and A, are the limits
of the wavelength range under study.

The current matching condition will be fulfilled during
optimization by maximizing the minimum of the
maximum current density achieved from the top and
bottom cells.

Min (]Sctop & ]Scbottom) N ]ScTandem (2)

3. Simulations and Results

Fig. 3 (a) shows the data obtained by modelling the
top cell when light is incident from the air side and
assuming an infinitely thick Si substrate. This simulation
gives the optical absorption in the perovskite, the
dissipation losses in the layers of the top cell, e.g. Spiro-
OMeTAD, and the RTT, which is equal to the tandem
cell front side reflectance for wavelengths shorter than
900 nm [2].

Fig. 3 (b) shows the data obtained from modelling the
top cell when light is incident from the Si side. These data
are particularly important for understanding the
interaction of light reflected from the backside of the Si
wafer. The TTB is the parameter that contributes
significantly to the front side reflectance of the tandem
cell at A>900 nm. This large TBT is due to the smaller
refractive index contrast between Si and the perovskite.

Fig. 3(c) shows the results for the simulation of the
back side of the Si cell. Absorption in the back ITO and
Ag are the main parasitic absorption losses of the back
contact, causing the drop in reflectance RB that appears
in the visible.

Fig. 3(d) shows the optical absorption spectra of the
perovskite and Si, which are the optical absorptions used
to calculate the photocurrent generated in the perovskite
and Si wafers, respectively. These curves are quite
similar to the experimentally reported quantum
efficiency spectra of monolithic perovskite-Si tandem
cells [2, 4].
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Fig. 3: Panel a show the simulation results of the top-cell under
illumination from the air side (Fig 2(a)). Panel b show the
simulation results of the top-cell under illumination from the Si
side (Fig 2(b)). Panel ¢ show the simulation results of the rear-
side of Si cell (Fig 2(c)). Panel d shows the calculated optical
absorption in the perovskite and Si along with the Yablonovitch
4n2 absorption limit for perovskite-silicon.

Fig. 4(a) shows the plots of the short-circuit current
densities of the perovskite and Si sub-cells. At low
refractive index values of IRL, the JSC of Si is
significantly smaller than that of perovskite. The JSC of
perovskite is maximal for n=1 and it decreases slightly
and gradually with increasing IRL refractive index. The
JSC of Si increases on average with refractive index. At
IRL refractive index 1.8-2.4, depending on the IRL
thickness, current matching between the two sub-cells
takes place. At lower IRL refractive index, the JSC of Si
determines the JSC of the tandem cell, while at large IRL
refractive index, the JSC of perovskite is limiting. We
observe that as the IRL refractive index increases, the
JSC of the Si sub-cell increases relative to that of the
perovskite. This is due to the better index matching of the
IRL with the perovskite layer and the Si substrate.

Fig. 4(b) shows the color plot of the JSC for the
tandem cell. We observe that the better current matching
between the two sub-cells is obtained at larger refractive
indices for the IRL. The highest photocurrent obtained in

these tandem cells is 18.04 mA.cm-2, which is obtained
in a tandem cell with an IRL thickness of 100 nm and a
refractive index of 3.4. The effect of the IRL refractive
index on the tandem cell photocurrent at n>2.2 is less
than 0.12 mA.cm-2, making these tandem cells less
susceptible to the refractive index of the IRL as long as
n>2.2. The effect of the IRL thickness is more visible at
lower refractive index values, where an IRL refractive
index of 1.8-2.0 requires a precise choice of IRL
thickness of 250-300 nm is necessary.

IRL refractive index

34 T 100 200 300 400
IRL thickness /nm

? 1.0 18 4
IRL refractive index

Photocurrent density / mA.cm?

Fig. 4: Optimization of a MAPbI3 perovskite-Si tandem cell.
(a) Photocurrent densities of perovskite and Si along with
that of (b) photocurrent density in a tandem cell of different
IRL refractive index and thickness with a c-Si wafer of 120
pum thickness
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Numerical simulation of a D-shaped optical fiber sensor with tantalum plasmonic layer

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

B.eftekharinia@nit.ac.ir

Abstract- A D-shaped tantalum-coated optical fiber plasmonic refractive index sensor is proposed in this paper. The
interaction between the fiber fundamental mode and the plasmonic mode, leading to the peak formation that is dependent
on the analyte's refractive index (RI), is thoroughly studied. The sensing performance of the proposed sensor for the
detection of analytes is numerically studied by means of spectral sensitivity methods. The effect of various design
parameters of the proposed sensor is investigated by numerical optimization to achieve the highest spectral sensitivity.
The proposed D-shaped optical fiber sensor has a non-linearly increasing spectral sensitivity from 1300 nm/RIU to 3900
nm/RIU, and the RI detection range is from 1.30 to 1.43. The proposed RI sensor, due to its simple design, relatively large
detection range, low cost, non-toxic nature and high corrosion resistance plasmonic material, is attractive for the detection
of various RI chemical and biochemical samples.

Keywords: D-shaped fiber sensor, Tantalum, Surface plasmon resonance, Refractive index sensor, Plasmonic sensor
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1. Introduction

The surface plasmon resonance (SPR) has been emerged
as an advance effective technique in numerous sensing
applications that need highly accurate detection of optical
refractive index (RI). Over the past decade, motivated by
the need of scaling down the sensor size, researchers have
designed a large variety of optical fiber-based SPR
sensors. Fiber-based SPR sensors utilize the improved
form of prism-based Kretchmann configuration enabling
coupling between optical modes and surface plasmon
polaritons (SPPs). Compared with prism-based sensors,
fiber-based sensors have small size, high sensitivity,
compactness and light-weight. Moreover, they offer high
degree of integration and support remote sensing
capabilities [1-2].

In recent years, considerable attention has been devoted
to developing D-shaped fiber sensors driven by the need
to overcome drawbacks related to uncladding of usual
structure of fibers. In these new structures, the surface of
fiber is polished in a D-shape and deposited by metal to
excite plasmonic wave and monitor the interaction
between the evanescent wave and the surrounding
medium and detecting small changes in RI in this
medium [3-4].

In this paper, we investigate the deposition of Tantalum
nanofilm on a simple D-shaped optical fiber and study
the RI sensing performance of the sensor in detail. To the
best of our knowledge, this is the first time that Ta
nanofilms are being investigated in an optical fiber-based
SPR sensors with simple D-shaped structure for detecting
analytes. We demonstrate the superior characteristics of
our proposed sensor to detect analytes with RI between
1.30 and 1.43. We will also study the effect of design
parameters on the performance of the proposed sensor.

2. Methods and Device Structure

The cross-sectional view of the designed plasmonic-base
D-shaped fiber sensor is shown in Fig 1. The diameters
of fiber core and cladding are taken as 8.2 and 125 pm
respectively, to satisfy single mode fiber (SMF)
conditions. The Ta strip is considered as the plasmonic
material deposited over the fiber core to enhance its
sensitivity.

For characterization and optimization of the proposed
sensor performance, a finite element technique [3] based
on COMSOL Multiphysics Software (Version 5.6) is
used. To this end, energy coupling between core mode
and SPP mode is investigated by using coupled mode
theory. Important parameters of the designed system
include the width (w-Ta), and the thickness (t_Ta) of Ta
strip, and the analyte RI (na). The wavelength A and na
are varied inrange 1.3 - 1.8 um, 1.30 - 1.43, respectively.

Analytes (n,)

Silica

Fig. 1: The cross-sectional view of the designed plasmonic-
base D-shaped fiber sensor.

After drawing geometry and adding materials to the
model, a fine mesh with maximum mesh size of 20 nm is
considered in order to achieve the maximum simulation
accuracy. Finally, the simulation is run and obtained data
and results are analysed. The energy of fiber mode
couples to the SPP wave on the Ta surface when the neff
of core guided mode and SPP mode attain the same
propagation constant for resonance wavelength (AR). At
this wavelength, energy of core guided mode is highly
lost. The confinement loss calculation formula is given in
the following equation [2]:

Ujoss = 8- 686 X Ky X Im(negr) X 104(dB/Cm) 1)

3. Simulations and Results

Fig. 2 shows simulation results for the variations in the
real part of the effective refractive index, Re (neff) for
core fundamental mode, and plasmon polariton mode, as
well as confinement loss curve as a function of
wavelength. This helps to understand the physics behind
the coupling mechanism between fiber fundamental
mode and plasmonic mode inside SPR-based D-shaped
structure.

Because of dispersion properties of optical materials,
effective index mode of fundamental mode and SPP
mode decrease with different rates as the incident
wavelength changes. Therefore, there is a specific
wavelength at which the neff values for fiber mode and
plasmonic mode intersect each other. In our simulation,
these values are matched at the operating wavelength
1.57 um, for the analyte refractive index na= 1.38. At this
point, known as phase matching condition, the resonance
phenomenon takes place and core mode (the red dashed
curve) and plasmonic mode (the blue dashed curve) in
Fig. 2 get coupled with each other. This results in a sharp
peak in confinement loss spectra of the guiding mode in
designed sensor (the black solid curve).
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We firstly optimized D parameter as it is the most
important factor in systematic design of D-shaped fibers.
Fig. 3a shows simulation results for confinement loss
versus incident light wavelength for different D values.
As shown, the confinement loss is maximized at 634
dB/cm, A= 1.57um for D = 0. Practical structure of a fiber
sensor with this polishing depth to the core could be
achieved by a simple combination of mechanical and
chemical etching methods [4]. Moreover, it is important
to carry out a detailed study on tantalum strip and their
influence on the proposed sensor performance since
plasmonic mode behaviour is influenced strongly by
metal layer thickness. For optimization of strip thickness,
other structural parameters including D, w_Ta, and na are
kept at constant values, 0 pm, 3.5 pm, and 1.38
respectively.

Fig. 3b shows simulation results for confinement loss
variations for different values of t_Ta. It is shown that the
resonance peak corresponding to the maximum
confinement loss experienced a blue shift when the
thickness of the Ta strip increased from 30 nm to 100 nm.
This blue shift in resonance wavelength, AR is ascribed
to variation in neff of SPP mode when strip thickness
changes. From the simulation results, the resonance
conditions occurred for t_ Ta= 50nm and in the following
simulations, we consider it as the optimized value of strip
thickness.

1.5 1.6
Wavelength (plm)

Fig. 3 Confinement Loss variation versus wavelength for
different values of (a) polishing depth, D, (b) strip thickness,
t—Ta.

We have then investigated the sensor response for a wide
range of RI varying between 1.30-1.43. Fig. 5a, b exhibits
the detailed comparison of confinement loss as a function
of wavelength for two ranges of RI of analytes i.e., 1.30—
1.36 and 1.37-1.43 respectively. Here, from graphs, we
may clearly observe that Fig. 4a has less wavelength shift
than Fig. 4b. The larger wavelength shift means higher
wavelength sensitivity [3, 4].

It was funded that the resonance wavelength at which
confinement loss reaches its maximum, experiences a red
shift with increment of analyte RI. In addition, the
confinement loss peak intensity decreases when the RI
value of the analyte increases. In fact, when na increases
to values near the fiber RI, mode coupling between the
core mode and plasmonic wave reduces. Moreover, it
leads to broadening of confinement loss spectra.
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Fig. 4 Confinement loss spectra of the designed sensor for
na of analytes in range of (a) 1.30 to 1.36, (b) 1.37 to 1.43.

Fig. 5 plots variation of resonance wavelength and
sensitivity of the designed sensor versus na of the analyte.
It represents a good polynomial fitting between
resonance wavelength and na. As shown, the sensitivity
factor increases non-linearly from 1300 nm/RIU to 3900
nm/RIU for na = 1.30 to na = 1.43. Moreover, the
designed D-shaped fiber sensor represents a maximum
sensitivity of 3900 nm/RIU. This sensor could be
applicable for detection of important chemicals including
Propyl Alcohol, Urine Glucose, Butyl Alcohol, Isobutyl
Alcohol, and Hexanol as their RI lies between 1.30 and
1.43.
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Measuring the angular distribution of argon gas plasma ions in the Mather type plasma focus
device

Maryam Akbari Nasajil, Nooshin pishbinl, Ali Nasiril,Amir Reis danal

1. Plasma and Nuclear Fusion Research School, Nuclear Science and Technology Research Institute,P.O. Box: 14155-
1339,Tehran, Iran

npishbin1985@gmail.com

Abstract- In this research, in order to measure the spatial distribution of ions emitted from the plasma focus device, a
Faraday cup array detector was designed and built. The array consists of 5 Faraday cups placed at angles of 0, = (25) and
+ (50) and studied for argon working gas. The results showed that the central signal measures the highest amount of
current and as we move to the sides, the intensity of the ions decreases. The effect of changes in pressure and discharge

voltage also showed that for a constant voltage at low pressures, the intensity of ions is higher and with the increase of
voltage, the intensity of ions increases.

Keywords: Plasma Focus Device, lon Measurement, Faraday cup array detector
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Numerical study of gas pressure effects on the pinch duration and peak discharge current of a
2.5 kJ plasma focus device

Noushin Pishbin, Maryam Akbari Nasaji, Amir Raiesdana
Plasma and Fusion Research School, Nuclear Science and Technology Research Institute, AEOI

Npishbin1985@gmail.com

Abstract- This research investigates the pinch duration and peak discharge current of a 2.5 kJ plasma focus device at
different pressures of hydrogen working gas with a discharge voltage of 16 kV, using the Lee code. By fitting the discharge
current signal measured by the Rogowski coil to the calculated current, we could derive the parameters of the device
model. Ultimately, numerical calculations performed using the Lee code demonstrated that both the pinch duration and
the peak discharge current increase as the pressure rises.

Keywords: plasma focus device, Lee Code, pinch duration, peak discharge current.
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The construction of a laser at 2 pkm wavelength using thulium-doped germanate glass
Maryam Shams1, Hawzhin Jalilil, Masood Ghotbil

1Department of Physics, Faculty of Physics, University of Kurdistan, Sanandaj, Iran

maryam.shams@uok.ac.ir , m.ghotbi@uok.ac.ir

Abstract: In this article, a continuous-wave laser at a wavelength of ~2 micrometers, using thulium-doped germanate
glass and pumped by a Ti:sapphire laser at a wavelength of 794 nanometers is investigated. The laser performance was
tested using output mirrors with different transmission coefficients. The maximum output power of 155 mW was achieved
by an output coupler with 9% transmission. The obtained results demonstrate the high potential of thulium-doped
germanate glass in laser applications. Investigating this laser medium is also significant considering its potential
application in fiber lasers.

Keywords: Germanate glass, thulium ion, Ti:Sapphire pump laser, Infrared Light
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Transit time effect in sensitivity enhancement of Rydberg sensor in AC stark shift effect and
Autler towns splitting

Samaneh Birzhandi 1, Hamze Noorollahi 1, Mehdi Jokar 1 and Abolfazl Tajedin pour2
1 Center of Quantum Science and Technology (CQST), University of Isfahan, Hezar Jarib, Isfahan, Iran
2 Department of Electrical and Computer Engineering Isfahan University of Technology (IUT), Isfahan, Iran

Shirzhandi@gmail.com

Abstract — Rydberg atom sensors, though promising for applications like microwave imaging, face challenges related to
signal-to-noise ratio, frequency resolution, and spatial resolution. These sensors operate by using two lasers—a probe and
a coupling laser—to excite atoms to highly sensitive Rydberg states, enabling a broad dynamic range. In this paper, we
investigate how transit time and coupling laser power influence the sensor's signal-to-noise ratio, as well as frequency
and spatial resolution, with a particular focus on optimizing resonance linewidth.

Keywords: Rydberg atoms sensors,[ Electromagnetic Induce Transparency (EIT) , Autler Towns splitting, AC stark shift
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Quantum entanglement source with Bell parameter 2.78

Samaneh Birzhandi 1, Hamze Noralahi 1,
1 Center of Quantum Science and Technology (CQST), University of Isfahan, Hezar Jarib, Isfahan, Iran

Shirzhandi@gmail.com

Abstract- We present a high-purity polarization-entangled photon source based on spontaneous parametric down-
conversion (SPDC) in a pair of BBO crystals pumped with a 405 nm laser. The generated entanglement is verified through
two complementary methods: violation of Bell's inequality and tomographic reconstruction of the Bell state. Experimental
results demonstrate a visibility of 98% and a Bell parameter S=2.78, confirming the high quality of the entanglement.

Keywords: spontaneous parametric down-conversion (SPDC), Quantum Polarization entanglement, Bell Parameter
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Machine learning for predicting the soliton solution in optical fiber communication
Hasti Abdolrasoulil,*, Fatemeh Mirzaee Babolghanil, and Alireza Abdikianl,*

1Department of Physics, Malayer University, Malayer 65719-95863, Iran.

hastirs81@gmail.com and abbdykian@gmail.com

Abstract- In this paper, the Physics-Informed Neural Network (PINN) method is utilized to solve the fifth-order nonlinear
Schrodinger equation (NLSE), which governs the propagation of soliton waves in silica optical fibers. This equation
describes the behavior of light waves in optical fibers, which are crucial in optical communications due to their high
bandwidth and low loss characteristics. The training data consisted of 700 random points, with a Tanh activation function
and two hidden layers of 50 neurons. The model achieved high accuracy, with a relative L, error of 1.0 x 1075 and a loss
function below 10~* after 2000 iterations. Training errors included an interior MSE of 1.66 x 107>, initial condition
error of 6.35 x 107%, and boundary condition error of 1.33 x 10~7. The results demonstrate the effectiveness and
accuracy of PINNs in modeling complex nonlinear problems.

Keywords: Machin learning, optical solitons, silica fibres, the fifth-order nonlinear Schrodinger equation (NLSE),
activation function.
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Magnetosonic wave propagation in degenerate plasmas via Machine learning
Alireza Abdikianl,*, Hasti Abdolrasoulil and Fatemeh Mirzaee Babolghanil

1Department of Physics, Malayer University, Malayer 65719-95863, Iran.

abbdykian@gmail.com and hastirs81@gmail.com

Abstract- In this study, the nonlinear propagation of magnetosonic waves in a multi-species magnetized plasma was
investigated. The Kadomtsev-Petviashvili (KP) equation was derived using the reductive perturbation method from the
fundamental equations. By utilizing the analytical soliton solution, the effects of key plasma parameters, such as the
relativistic electron parameter (r.) and the normalized ion cyclotron frequency (Q), were examined. Additionally, the
Physics-Informed Neural Network (PINN) approach was introduced to optimize parameters and improve model
predictions. Results showed that soliton velocity (u,) is directly related to its amplitude (r,) and inversely related to its
width (W). This study aims to provide a deeper understanding of nonlinear propagation in such astrophysical
environments.

Keywords: Machin learning, Magnetosonic waves, Reducing perturbation method, Kadomtsev-Petviashvili (KP)
equation, Activation function.
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Extraction of Object Wave in Light Scattering from a Nanowire by Muller Surface Integral

Fatemeh Bakhtiari Haftlangl; Masoud Rezvani Jalall; Mohammad Reza Mohebbifarl; Seyed Kianoosh Hosseini2

1Department of Physics and Photonics, Malayer University, Malayer

2Hamedan University of Medical Sciences, Hamedan

rezvanijalal@malayeru.ac.ir

Abstract- In this article, by using the numerical solution of Mueller's surface integral equations, first the light scattering
field of a nanowire with different materials (dielectric, plasmonic and perfect mirror) is obtained. Then, by subtracting
this scattering field from the total scattering field, the radiation wave of the scatterer object is calculated. It is found that
spatial distribution of the field, irrespective of nanowire geometrical shape, is strongly dependent on the constituent
material of the nanowire. This field can be useful in holography of nano dimensions.

Keywords: Holography, Laser, Light Scattering, Nanowires, Muller Surface Integral.
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Investigation of optical properties of photonic crystals based on the Si0O2/MoS2/ZnS
Marzieh Yousefi Lanbarl, Shervin Dadgarl, Soghra Mirershadi2, Farhad Sattaril

1 Department of physics, Faculty of science, University of Mohaghegh Ardabili, Ardabil
2 Department of Engineering Science, Faculty of Advanced Technologies, University of Mohaghegh Ardabili, Namin.

M.92yousefi@gmail.com, Shervindadgar1212@student.uma.ac.ir, s.mirershadi@uma.ac.ir, f sattari@uma.ac.ir

Abstract: In this work, we investigate theoretically the absorbance, reflectance and transmittance in a Molybdenum
disulfide (MoS2)-based photonic crystal. The proposed design of the photonic crystal consists of a monolayer of
Molybdenum disulfide (M0S2) which is sandwiched between Zinc sulfide (ZnS) and Silicon dioxide (SiO2) layers. To
determine the absorbance, reflectance, and transmittance coefficients, the refractive indices of different layers of the
considered structure are needed. Because the single-layer Molybdenum disulfide refractive index is complex, one of the
methods of calculating this refractive index according to the frequency of the incident light (o) is to use the hybrid
Lorentz-Drude-Gaussian method. To calculate the absorbance, reflectance, and transmittance of the photonic crystal
under investigation, we use the continuity of the electric field at the interface of the layers and the transfer matrix approach.

Keywords: Molybdenum disulfide, Photonic crystal, Transfer matrix method, Zinc sulfide layer, Silicon dioxide
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Investigation and simulation of tandem perovskite solar cells based on CH3NH3PbI3 and
CH3NH3SnI3

Zeynab Karimi Afosil*, Amirhossein Ahmadkhan Kordbachehl
1Department of Physics, Iran University of Science and Technology, Tehran, Iran

ze karimi@physics.iust.ac.ir *, akordbacheh@iust.ac.ir

Abstract- Present research investigates and simulates the electrical characteristics of a tandem perovskite solar cell
CH3NH3PbI3 with a wide bandgap (1.5 eV) and CH3NH3SnI3 with a narrow bandgap (1.3 eV). These cells consider as
the top and bottom cells, respectively, and the simulations were done using the SCAPS software. Tandem solar cells
represent a new generation of high-efficiency solar cells, where the top cell, with its wider band gap, is capable of
absorbing short-wavelength light, while the bottom cell absorbs longer wavelengths. This combination enhances the
absorption of the solar spectrum, leading to improved efficiency compared to conventional solar cells. Simulation results
indicate that the all-perovskite tandem solar cell achieved excellent electrical performance. The obtained values include
an open-circuit voltage of 1.69 V, a short-circuit current density of 20.90 mA/cmz2, a maximum power conversion
efficiency of 28.27%, and a fill factor of 79.70%. These results demonstrate the significant potential of this structure for
converting solar energy into electrical energy.

Keywords: CH3NH3PbI3, CH3NH3SnI3, Perovskite, Simulation, Tandem solar cells
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Effect of different electron transport materials on efficiency of CH3NH3PbI3 perovskite solar
cells

Neda Nasiri, Amirhossein Ahmadkhan Kordbacheh, Zeynab Karimi Afosi
Department of physics, Iran University of Science and Technology, Tehran, Iran

neda_nasiri@physics.iust.ac.ir

Abstract- In this article, the effect of the electron transport layer in perovskite solar cells has been investigated. By
modifying the electron transport layer in three stages, the impact of this layer on the efficiency of the solar cell has been
studied. in this research, TiO2, ZnO, and SnO2 were used. This analysis was conducted using the SCAPS-1D software,
evaluating parameters such as open-circuit voltage, short-circuit current, fill factor, and efficiency. The final results
showed that the device performance with TiO2 in the solar cell was significantly better than with the other two materials.

Keywords: electron transport materials, perovskite solar cells, SCAPS-1D, TiO2
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parameters la[Tio2 I8lsno2  17[zno parameters  ]6[CH3NH3PbI3 ]5 [Spiro-OMeTAD
Thickness 89 89 89 Thickness 295 80

(nm) (nm)
Electron Electron
affinity (V) 4 45 4.1 affinity (V) 3.93 22
Bandgap (eV) 3.2 3.6 3.2 Bandgap (eV) 1.5 291
Dielectric Dielectric
permittivity 100 9 10 permittivity 30 3
CB effective 4.4 CB effective
density of 1x10%t 22x10'8 ><'1018 density of 2.5 x 10%° 2.5 x 102%°
states (cm-3) states (cm-3)
VB effective VB effective
density of 2x10%°  18x10"° 1x10'8 density of 2.5 x 10%° 2.5 x 1020
states (cm-3) states (cm-3)
Electron and Electron and
hole mobility ~ 0.006,0.006 100,25 150,1 hole mobility 50,50 0.0001,0.0001
(cm2/Vs) (cm2/Vs)
Shallow Shallow
uniform donor 19 20 16 uniform donor
density ND 5x10 10 1x10 density ND 0 0
(cm-3) (cm-3)
Shallow Shallow
uniform uniform
acceptor 0 0 0 acceptor 2.14 x 10Y7 3x 1018
density NA density NA
(cm-3) (cm-3)
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1- Twidell, J., Renewable energy resources. 2021
Routledge.
2- Roy, P., et al., A review on perovskite solar

cells: Evolution of architecture, fabrication techniques,
commercialization issues and status. Solar Energy, 2020.
198: p. 665-688.

3- Zuo, C., et al., Advances in perovskite solar
cells. Advanced Science, 2016. 3(7): p. 1500324.
4- Taheri, S., M. Minbashi, and A. Hajjiah, Effect

of defects on high efficient perovskite solar cells. Optical
Materials, 2021. 111: p. 110601.

5- Poplavskyy, D. and J. Nelson, Nondispersive
hole transport in amorphous films of methoxy-
spirofluorene-arylamine organic compound. Journal of
Applied Physics, 2003. 93(1): p. 341-346.

6- Stoumpos, C.C., C.D. Malliakas, and M.G.
Kanatzidis, Semiconducting tin and lead iodide
perovskites with organic cations: phase transitions, high
mobilities, and  near-infrared  photoluminescent
properties. Inorganic chemistry, 2013. 52(15): p. 9019-
9038.

7- Raoui, Y., et al., Performance analysis of
MAPDI3 based perovskite solar cells employing diverse
charge selective contacts: Simulation study. Solar
Energy, 2019. 193: p. 948-955.

Izadi, F., et al., Effect of interface defects on -A
high efficient perovskite solar cells. Optik, 2021. 227: p.
166061.

ETL Voc(V) Jsc(mA/cm2) FF(%) Eta(%)

Tio2  1.0513 20653 7622  16.55
Zn0  0.8724 20517 7432 1330
Sn02  0.8324 20639 7409  12.73
TiO:
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All-optical switching based on nonlinear plasmonic ring resonator
Mohammad Hasannejad Ghadim1, Fariba Lotfil, Mostafa Sahrail and Reza Kheradmandl

Optics and Laser Department, Faculty of Physics, University of Tabriz, Iran

m.hasannejad@tabrizu.ac.ir, f.lotfi@tabrizu.ac.ir, sahrai@tabrizu.ac.ir, r _kheradmand@tabrizu.ac.ir

Abstract- All-optical switching based on surface plasmon polaritons that incorporates Kerr nonlinear material is
presented. The proposed all-optical switch structure in this article is based on the intrinsic property of surface plasmon
polaritons, which are capable of confining the energy of electromagnetic waves to sub-wavelength dimensions. In this
switch, we use two beams: signal and control. The "on" state occurs with the application of the signal beam, and by
applying the control beam, we switch the output from the "on" to the "off" state. The studied structure has the capability
of switching at multiple frequencies with low control intensity. The simulation results are obtained using the finite element
method for the plasmonic all-optical switch structure.

Keywords: All-Optical Switching, Diffraction Limit, Kerr-Nonlinear Effect, Ring Resonator, Surface-Plasmon Polariton
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Temperature distribution simulation in the human eye retina by laser irradiation, considering
blood perfusion and fluid flow

Mahboobeh Hayatil, Gholamreza Honarasal
1Physics Department, Shiraz University of Technology, P.O. Box 71555313, Shiraz

mahboobeh.hayati@yahoo.com, Honarasa@sutech.ac.ir

Abstract- In this article, the steady state heat transfer with the effect of blood perfusion in different eye tissues and the
thermal effect of laser in the posterior part of the eye for the purpose of treating retinal problems, was simulated using the
COMSOL software. The natural convection in the vitreous body of the eye was compared for two common wavelengths.
The results show that while convection acts as a natural cooling mechanism and plays an important role in temperature
regulation, it must be considered in surgeries with pulse duration of several seconds.

Keywords: Blood Perfusion, Fluid Flow, Photo-thermal Effect, Retinal Laser Therapy, Temperature
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Investigation of the Dependence of Coupling Coefficient of 2x2 Directional Couplers on the
Optical Fiber Parameters

Farkhonde Zamaninejad, SaraSadat Ghaffari-Oskooei, and Fatemeh Shahshahani

zamanil374f@gmail.com, s.ghaffari@alzahra.ac.ir, f shahshahani@alzahra.ac.ir

Abstract- In this paper the dependence of the coupling coefficient of 2x2 directional couplers on the optical fiber
parameters has been evaluated theoretically. The calculation shows that the amount of mode coupling decreases with

increasing the core radius of the first fiber and increases for the second fiber. Increasing the distance between fibers
decreases the coupling coefficient for both LP01 and LP11 modes.

Keyword: directional coupler, coupling coefficient, optical fiber, coupled mode equations.
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Designing an XOR and XNOR logic circuit using a microring resonator with the help of
thermal effects

Ali Mehdizadeh, Mohsen Hatami, Hamid Nezamdoost

a.mehdizadeh@sutech.ac.ir, hatami(@sutech.ac.ir, h.nezamdoost@gmail.com

Abstract- This article discusses the design of an XOR logic gate using a microring resonator and examines the effects of
thermal impacts on its performance. The XOR gate, as a key element in digital systems, plays a significant role in
performing logical and computational operations. Designing this gate with a microring resonator offers numerous
advantages due to its small size and precise controllability. However, thermal effects can negatively impact the circuit’s
performance, leading to increased delay time and the potential for transient errors. We used three microring resonators to
design a logic circuit connected in a cascaded manner. Two of these ring resonators function as inputs, representing 1 and
0, by applying or not applying voltage, which generates heat and changes the refractive index, resulting in two outputs
that serve as XOR and XNOR logic functions.

Keywords: Microring Resonator, Thermal Modulator, Waveguide, XOR Gate
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Analysis of the effect of thickness on the reflectance of metal oxide thin films on the silicon
substrate

Erfan Ghapanvari 1 and Mostafa Salahshoor 1 *
1 School of Physics, Iran university of science and technology, Tehran.

*salahshoor@iust.ac.ir

Abstract- In this research, we utilized McLeod software to calculate the reflectance of various metal-oxide thin films
with a quarter-wave thickness on a silicon substrate within the visible wavelength region. We also examined how the
film's thickness affects the reflectance to assess the sensitivity of the reflectance to the film’s thickness. It is observed that
the HfO2 and Y203 thin films with a quarter-wave thickness are suitable options for effectively reducing reflectance.
Furthermore, the reflectance of the thin films in the regions of short and long wavelengths is highly sensitive to any
possible error in the thickness of the quarter-wave thin film. However, changing the thickness of the film has no
considerable effect on the average value of reflectance in the visible wavelength region.

Keywords: Anti-reflection, single layer, optimization, silicon.
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Synthesis of a complex compound of hafnium and S-nitrosalicylic acid by coprecipitation
method and investigation of its nonlinear optical properties

Ali Azadeganl, Akbar Jafaril, and Abbas Nikoo2
Department of Physics, Faculty of Science, Urmia University 1
Department of Organic & Inorganic, Faculty of Chemistry, Urmia University 2

a.azadegan@urmia.ac.ir, a.jafari@urmia.ac.ir, a.nikoo@urmia.ac.ir

Abstract- In this experimental work, a complex compound of hafnium and 5-nitrosalicylic acid was prepared by the
coprecipitation method and investigated in terms of nonlinear optics. The sample was examined in terms of crystal
structure and shape by XRD and FESEM analyses. The absorbance of the sample was obtained by the UV-Visible
spectrophotometer in the range of 290 to 800 nm. Z-scan method was used to check the nonlinear response of the
manufactured material, and the nonlinear coefficients of refraction (n2) and adsorption (B) in order of 107*m?/W and
10~* m/W were obtained.

Keywords: Hafnium Complex, Nonlinear Optical properties, coprecipitation.
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Fabrication of Zinc oxide spinel ferrite nanocomposites via Chemical synthesis and its
photocatalytic effect on color degradation

Zahra Kay-Ahmadi, Samaneh Mahmoudi Qashgay and Mohammad Reza Zamani Meymian
Department of Physics, Iran University of Science and Technology, Tehran

R _zamani@iust.ac.ir

Abstract- Water pollution from dyes without cleaning will have a very negative impact on the life of living organisms.
One of the most effective chemical methods of water purification is optical degradation. In principle, this method uses a
photocatalytic substance. In this study, Zinc oxide spinel ferrite composites chemically synthesized, which can be
separated from water by applying an external magnetic field. The DRS test was used to examine optical properties. It
shows that this Composite has a good absorption in the visible light range. photocatalytic activity of the sample was
evaluated with degradation of methylene blue. Composite demonstrated good photocatalytic performance, it efficiency
was 60% degradation rate after 80 minutes under visible illumination.

Keywords: composite, dye degradation, ferrite, magnetic, photocatalyst
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Gaussian Quantum illumination with undetected photons

Mohammad Badril, Rahman Nouroozil
1Department of Physics, Institute for Advanced Studies in Basics Sciences (IASBS), Zanjan

m.badri@iasbs.ac.ir, rahman.nouroozi@iasbs.ac.ir

Abstract- Low-noise detection of scattered light is possible beyond the classical limits if the object was illuminated with
the non-classical (quantum) state of light. This is known as quantum illumination. Amoung different quantum illumination
schemes, the Gaussian illumination proved to be more comprehensive due to its ease of construction and detection
compared to non-Gaussian state. In this work, from a statistical point of view, different Gaussian illuminations are
investigated theoretically. Then its quantum supremacy againesed the classical one is presented. In addition, quantum
lidar based on induced coherence without induced emission is introduced. It is shown that with undetected photon scheme
more information can be extracted (in the same time) in comparison with traditional two mode vaccum stae.

Keywords: Non-classical light, Gaussian states, quantum lidar, Induced coherence.
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