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Design and simulation of NOT optical gate using GST phase change
material on InP substrate at wavelength of 1.55 pm

Alireza Malek Mohammad, Mahmoud Nikoufard ,and Mostafa Rahimi

Department of Nanoelectronics, Research Institute of Science and Nanotechnology, Kashan
University, Kashan

alirezal234malekmohammad1234@gmail.com, mnik@kashanu.ac.ir ,and Mostafa75ra@gmail.com

Abstract-With the rapid advancements in technology and the growing demand for speed and efficiency in data
processing and transmission, various scientific and engineering fields are seeking innovative solutions to overcome
the limitations of electronic systems. One of these advanced solutions is the use of optical technology in the design
and fabrication of logic gates. GST is one of the most commonly used phase-change materials, and in this article,
it has been employed in the design of a NOT optical gate. In this study, the proposed plasmonic optical switch
structure is first analyzed using COMSOL software, and the optimal thickness for each layer is determined. This
structure is then utilized as a key component in designing a ring resonator. Furthermore, the resonance wavelength
of the proposed ring resonator in each phase of the GST material is calculated, demonstrating that, at this
wavelength, the ring resonator functions as a NOT optical gate.

Keywords: Germanium Antimony Telluride (GST), Indium Phosphide, Optical switches, 1.55 pm wavelength.
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Laser beam shaping via self-phase modulation

Behnaz Salman, Aliasghar Ajami
Faculty of Physics, Semnan University, Semnan, Iran.
ajami@semnan.ac.ir, benbensolil376@gmail.com

Abstract- This article examines beam shaping through self-phase modulation (SFM) in Kerr media. In SFM, the
propagation of a high-intensity laser beam through a nonlinear medium causes a change in the refractive index,
resulting in phase changes in the propagating laser beam. In this study, diffraction patterns for a Gaussian beam
passing through a Kerr medium are calculated using the Fresnel diffraction integral. The medium with a negative
nonlinear refractive index is positioned at various locations after the beam waist, and the laser power is adjusted
to achieve a maximum nonlinear phase change of &. Under these conditions, a ring distribution is observed in the
far field. At a specific distance of 1.5 times the Rayleigh length from the beam waist, the intensity at the center of
the diffraction pattern is about 12% of the maximum intensity of the surrounding ring, which represents the
darkest center for a nonlinear phase change of n. Additionally, a nonlinear phase change corresponding to an odd
multiple of & leads to the formation of a diffraction pattern consisting of bright rings surrounding a dark center.
The results of this study emphasize the importance of the nonlinear refractive index and wavefront curvature in
the formation of unique diffraction patterns and demonstrate the effectiveness of the self-phase modulation

phenomenon for beam shaping and intensity control in optical systems.

Keywords: Self-phase modulation, Beam shaping, Nonlinear refractive index, Kerr medium, Fresnel diffraction integral
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l. INTRODUCTION

Beam Shaping involves altering the intensity distribution
of a laser beam to achieve a desired profile. This can be
accomplished through various optical elements such as
lenses, mirrors, and diffractive optics. Beam shaping can
be achieved via altering the wavefront by controlling the
phase of light across the beam via self-phase modulation
(SPM) which is induced by the beam itself. SPM as a
nonlinear optical effect occurs when an intense laser beam
passes through a medium, causing changes in the phase of
light due to the intensity-dependent refractive index of the
medium. For Kerr medium the change in refractive index
is proportional to the square of the electric field strength,
making it more pronounced at higher laser intensities.
Therefore, SPM phenomenon can be used to create
complex wavefront patterns leading to real-time beam
shaping for purposes of intensity adjustments,
compensating for aberrations, optical limiting, and
optimizing performance [1, 2]. Furthermore, the nonlinear
refractive index of a medium can be determined by
studying diffraction patterns in the far-field taking benefit
of SFM [3].

SFM occurs due to changes in the refractive index of the
medium through which an intense laser beam propagates.
Generally, the refractive index depends on the light
intensity, allowing it to be expressed as a power series of

intensity.
n(1)=n, +n,I +n,1? +... @)

where N, is the linear refractive index, n, is the third-

order nonlinear refractive index and n, is the fifth-order

nonlinear refractive index. When an intense focused
Gaussian laser beam propagates through a thin nonlinear
medium, the wavefront alters due to the radially
nonuniform change in refractive index inducing self-
focusing or self-defocusing effect, depending on whether
the nonlinear refractive index is positive or negative. The
electric field exiting the nonlinear sample is given by

E.(X,y’,2) =E,(X,y’ Z)expiAD(X',y', Z)]  (2)

where E;, is the electric field incident on the sample,

A® =KLAn with k the wave number, L the sample

Sy W

thickness and An is the refractive index change (e.g. for
a Kerr medium An=n,l).

The electric field distribution of a light beam transmitted
through a nonlinear medium can be determined using the
Fresnel diffraction integral.

1 i Fo pro [ [
S BN C T B

{0074 y-7?)

X e dx'dy’
where d=2—2" s the distance between the nonlinear
sample and the observation plane.

The intensity distribution on the observation plane can
thus be calculated using Eq. (4) when a Gaussian beam

passes through a nonlinear medium.
(X2+y2) -k 2 2
too o4 S (e x) 2 y-y)?)
e Pug W) o 2d dx'dv’
1(x,y,2) =1, 1. y
4)
N,Ce,EW, o
where |, =—2-2"2_0 s the on-axis intensity at sample

22°7d°w?
position, W, is the beam waist radius and w is the beam
radius on the sample entrance.

In Eq. (4) AD,, =k(x* +y?)/2R(z) +KLAN, where

R(z) is the radius of wavefront curvature, represents the

tot

total phase consisting of two contributions: the first part
depends on wavefront curvature, and the second part is
influenced by changes in the refractive index. The total
phase of the wavefront depends on the signs of both
contributions which can be positive or negative.

The diffraction pattern of a Gaussian beam transmitted
through a nonlinear medium is generally a set of rings
which have been observed and reported by many
researchers [4].
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2. Results and discussion

The diffraction pattern of a Gaussian beam transmitted
through a Kerr medium with a nonlinear refractive index

of n,=-5x10° Wcm? was calculated on an

observation screen located 500 mm away from the beam
waist using Eq. (4). The laser wavelength and the beam
waist radius were set to 532 nm 50 pum respectively. The
on-axis phase change at each sample position given by

A®(z) =kLn,I(z)in which 1(z)=2P/zw(z)?> and
w(z) denotes the beam radius can be controlled by

adjusting the laser power P. Figure 1 illustrates a
comparison between diffraction patterns causing by
AD(z)=-nrad when the nonlinear medium is

positioned at various positive z-positions. The pattern
consists of a bright thick ring around a central dark spot

but the central brightness defined by |, x100/I

max
varies based on sample position due to changes in
curvature radius of the wavefront.

The central brightness of each pattern was determined and
plotted versus sample position as shown in Fig. 2.
Numerical calculations indicate that when the sample is

positioned at z=1.5z; (z is the Rayleigh length), the

centre of the pattern exhibits minimum brightness,
resulting in a donut-shaped beam profile. In Fig. 3(a) the
diffraction pattern of the Gaussian beam is compared with
the main beam profile for the case of

AD(z=1.5Z,)=r rad. For better visualization, the

pattern was plotted 3D as shown in Fig. 3(b). In this
configuration the central intensity is approximately 12%
of the peak intensity observed in the bright surrounding
ring.

The characteristic of self diffraction rings depends on the
interplay between wavefront curvature and nonlinear
refractive index changes resulting in two distinct
scenarios. When the wavefront curvature and nonlinear
refractive index change share the same sign, their effects
are constructive, leading to an increase in the total phase
of the propagating beam. This constructive scenario is
seen when a converging beam traveling through a negative
nonlinear refractive index medium or a diverging beam
passing through a positive nonlinear refractive index

Sy W

medium. In this case, the self-diffraction pattern observed
on the screen appears with a bright centre surrounded by
thin bright rings, and the overall intensity distribution zone
becomes significantly more compact [5].

On the other hand, when the signs are opposite, their
influences cancel each other out. This occurs when a
converging beam propagating through a positive nonlinear
refractive index medium or a diverging beam passing
through a negative nonlinear refractive index medium. In
this case, the self-diffraction pattern on the observation
screen appears with a dark centre surrounded by thick
bright rings [6, 7].

1.01 —z=0.72,
0.9 --- z=0.8Z,

0.8- .......z=1ZR
0.74 == Z=1.5ZR

Fo s
-
-
Ty

0.6 -
0.5
0.4-
0.34
0.2+
0.1
0.0

-t

Normalized Intensity
. ;'."_-_.._._'h:'

65 43-210122324F5 6
Radial axis (mm)
Fig. 1. patterns for different sample positions.
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Fig. 2. Central brightness of the patterns.

Adjusting the on-axis phase change by varying laser
power causes deformation in the diffraction pattern,
revealing additional bright rings with either a dark or
bright centre. In Fig. 4, the patterns corresponding to on-
axis phase shifts of 37 and 57z are compared with the
main beam profile. As can be seen, the pattern consists of
two rings for phase shift of 37 and three rings for 57 .
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These results support a correlation between phase shift and
number of ring N, represented by the relationship

N =(AD +7)/27

1.04 Non-diffracted .

= = = Diffracted

2 0.8

T 0.54

4

. B 4 3 24 012 8 4 8
(a) Radial axis (mm)

Intensity

‘ 3.000

2.500
2.000
1.500

Y-axis (mm)

1.000
0.5000

0.000
4 3 2 414 0 1 2 3 4
(b) X-axis (mm)
Fig. 3. Comparison between the main beam profile
and the diffraction pattern (a) and the 3D donut
shape profile of diffracted beam (b).

3. Conclusion

The diffraction pattern of a Gaussian beam through a Kerr
medium was analysed using the Fresnel diffraction
integral. Scanning the sample after the beam waist, while
adjusting laser power for a consistent phase shift
AD(z) =7 rad' revealed a donut-shaped known as
vortex beam profile at certain positions of z=15Z, . This
pattern, with central brightness reduced to about 12%, is
valuable in applications like laser material processing,
where structured beam profiles enhance precision and
effectiveness. Additionally, an induced on-axis phase shift
of ADL5Z,)=—(2N -Dr

rings around a dark centre.

produces a series of N bright

Sy W
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Fig. 4. Comparison diffraction patterns for
different on-axis phase change.

1. REFERENCES

[1] Y. V. G. S. Murti and C. Vijayan, "Self-focusing, Phase
Modulation, and Pulse Shaping," in Physics of Nonlinear Optics,
Y. V. G. S. Murti and C. Vijayan, Eds. Cham: Springer
International Publishing, 2021, pp. 111-128.

[2] M. H. M. Ara, S. Salmani, S. H. Mousavi, and E. Koushki,
"Investigation of nonlinear optical responses and observing
diffraction rings in acid dye (Patent Green)," Current Applied
Physics, vol. 10, no. 4, pp. 997-1001, 2010.

[3] O. Boughdad, A. Eloy, F. Mortessagne, M. Bellec, and C.
Michel, "Anisotropic nonlinear refractive index measurement of
a photorefractive crystal via spatial self-phase modulation,”
Optics Express, vol. 27, no. 21, pp. 30360-30370, 2019/10/14
2019.

[4] A.B. Villafranca and K. Saravanamuttu, "Diffraction rings
due to spatial self-phase modulation in a photopolymerizable
medium," Journal of Optics A: Pure and Applied Optics, vol. 11,
no. 12, p. 125202, 2009/09/21 2009.

[5] N. Angie Solano, T. Yezid, M.-C. Jesus, R. Henry, and J.
Vladimir, "Fraunhofer diffraction pattern due to spatial self-
phase modulation of a Gaussian beam by a photorefractive
crystal,” ed, 2023.

[6] R. G. Harrison, L. Dambly, D. Yu, and W. Lu, "A new self-
diffraction pattern formation in defocusing liquid media," Optics
communications, vol. 139, no. 1-3, pp. 69-72, 1997.

[7] D. Yu, W. Lu, R. G. Harrison, and N. N. Rosanov, "Analysis
of dark spot formation in absorbing liquid media," Journal of
Modern Optics, vol. 45, no. 12, pp. 2597-2606, 1998.

Vv 5IYOY axan



/J 902 Sigigh g Sunf il S et g g 40l Al
&&@/7 U1 Sgigh 5198 3 i il i uabie
»” ~ .

77

g WUk

s, LSlugil 1o Z90 )k oSyl g (il ¥ Olhu gjlwainy
S ySlgo- 38 (G pn
ol ke w5 Alcansd s sileny ol
Ol ST 35 sl oSS sy ol aaSCEIIS (54 b 09,

f.peymanil992@gmail.com, jafary 68@yahoo.com, alibahari2@yahoo.com

20 MO Og2g bt md (Sl rewny dnpr wdg byd gl Wil (Mab Zgedsbr) el 0 - cuSe
M Lugl SO 50 318 sladilgiwls jpdo 45 wid oo (LA o0 Gluwlne caslllan (n] )0 .ol (29,5 9 699 SLoggedsb
b SLgwly )l 0929 (Fgouwlly Slgo SLiE )3 45 (SPRS) (b (ygaunlly glassadd JIo a9 « S0 Sl g0 38 (g yad
T30 e oo oy (R e 9 (e iliso LI 083L s b uiS (o0 Sl (P oz ek )0 ualiviy
] AL (5 Roiaz |38 Ll ple 4 Caud LIl 5 1003l aF Cawl oul cudline (gl Sy o (FWM)
4t SPR plgs 3l ooliusl b ) as o Syl (sloaia T8 005k asilgi g0 (5 ot (510 )i Luvgili 45 wid 0 )L gy s ¢!
WS gl g

S Lo lilugil wgazme jolie by (o el lanads @oe Yz oS 5 (o e Sl —ojly allS

Optimization of frequency conversions based on four-wave mixing in
hybrid metal-dielectric nanostructures

Fatemeh Peymani, Neamat A. Jafari, Ali Bahari
Department of Physics, Faculty of Basic Science, University of Lorestan, Khorramabad, Iran

f.peymanil992@gmail.com, jafary_68@yahoo.com, alibahariz@yahoo.com

Abstract- At subwavelength scales of radiation, such as the nanometer, the optimal generation condition of
nonlinear optical phenomena is the presence of resonance at both the input and output wavelengths. In this study,
numerical calculations show that the presence of metal hemi-cylinders in a metal-dielectric hybrid nanostructure
creates multi-resonant spectral responses at specific wavelengths due to surface plasmon resonances (SPRs), which
do not exist in the absence of plasmonic materials. By calculating the efficiency of different degenerate and non-
degenerate states of the four-wave mixing (FWM) phenomenon at resonant peaks, it was observed that the
efficiency of some states has increased significantly compared to others. These results indicate that hybrid

nanostructures can optimize and enhance the efficiency of nonlinear optical processes by utilizing SPR properties.

Keywords: Nonlinear optics, four-wave mixing, surface plasmon resonances, finite element method, hybrid nanostructu
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Objects detection in the image using deep neural network

Faezeh Mahdimaleki, Mohammadreza Jafarfard, Babak Zare
Department of Physics, Iran University of Science and Technology, Tehran, Iran

Faezeh_mahdi76@physics.iust.ac.irmrjafarfard@iust.ac.ir, bzarer@iust.ac.ir

Abstract - In order to identify a specific object in an image, in addition to detecting its presence in the image, we
need to accurately locate it in the investigated image. In this article, by applying artificial intelligence and deep
neural network approach, the study and investigation of object detection in images has been done. Deep learning
with the help of neural networks can provide the possibility of simultaneous classification and location of objects.
On the other hand, approaches based on deep neural network use Convolutional Neural Network (CNN) for object
recognition, where the features of the object in the image do not need to be defined and extracted separately, and
this work is done automatically by Convolutional Neural Network.

Keywords: Object Detection, Deep Learning, Neural Network, Convolutional Neural Network, YOLO Model
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