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LATEST NEWS

Mr. Pooria Salami successfully  *

defended his Ph.D. thesis,
Congrats to Pooria!

Our paper on “Optical Tunable
Metasurfaces” was accepted for
publication in Optics Express!

Mr. Hadi Mohajerani success-
fully defended his master’s the-
sis, Congrats to Hadi!
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INTRODUCTION TO METAMATERIALS AND NANO-
PHOTONICS
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Maxwell Equations and the role of
Electromagnetic Properties of Materials
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When designing
V XH = 9(¢E) +] . Electronic devices, £ and

u are dictated by the
material you use in your
device. And are positive.
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Different Configurations for Permittivity and
Permeability
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Definition of Metamaterials
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What if we have negative € and

For the firs time, in 1967, Victor Veselago
, a Russian Scientist, investigated the
effects of a material with negative € and
. on Electromagnetic waves, when
radiating in such a media and found out
very interesting and extraordinary

behavior for such a material. from: Nature 455, 299 (2008)




Why Nano-Photonics?
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Plasmonics will enable an improved synergy between electronic and photonic devices

* Plasmonics naturally interfaces with similar size electronic components

* Plasmonics naturally interfaces with similar operating speed photonic networks

*R. Zia, et. al, Materials Today, 2006.



DEVELOPING INTEGRATED PHOTONIC DEVICES FOR
NEXT GENERATION HIGH-SPEED WIRELESS
COMMUNICATION SYSTEMS




R
Manipulating Light by Nano-Antennas

Fig. (2): Different types of optical antennas written by electron beam lithography on Si
wafers. We can see a dipole antenna (left). an asymmetric spiral antenna
(center). and a patch antenna on a moving bridge (right). The physical
mechanism for the transducer is a microbolometer for the left and righ
antennas. and a MOM diode for the central one.

* Van Hulst, and et. al, “Antennas for light,” Nat Photon, 2011.



WaveGuide Fed Patch Antenna

(a)

(b)

Advantages:
1) The antenna is matched, and therefore can be fed, with a hybrid plasmonic waveguide.

2) The antenna design, is CMOS compatible, and therefore can be integrated with other elements in an opto-
electronic circuit.

=
*Yousefi, et al, Optics Express, No. 16, 2012. ]OHNS‘HiT)PKINS

UNIVERSITY



Waveguide Fed Patch Antenna: Field
Distribution
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*Yousefi, et al, Optics Express, No. 16, 2012. JOHNS HOPKINS

UNIVERSITY
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Waveguide Fed Patch Antenna: Characteristics
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*Yousefi, et al, Optics Express, No. 16, 2012.
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Increasing directivity by designing leaky
wave nano-antennas
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Increasing directivity by designing leaky
wave nano-antennas

* Yousefi, Progress in Electromagnetic Research Letters, 2014.
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Inter- and Intra-chip Optical Link Using a
Hybrid Plasmonic Leaky Wave Nano-antenna

Distance[um]

*Ebrahimi, Yousefi, Optics Communications, 2017.
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Inter- and Intra-chip Optical Link Using a
Hybrid Plasmonic Leaky Wave Nano-antenna
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*Ebrahimi, Yousefi, Optics Communications, 2017.
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Controlling Side Lobe in leaky Wave
Plasmonic Antennas

MTL
LOSS(= [MTR/ A(C |d(j]

*Panahi, Yousefi, et al, Journal of Lightwave Technology, 2015.
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Controlling Side Lobe in leaky Wave
Plasmonic Antennas

SLL=-19.4 dB

o
=)
> -20
=
B
2 30
(]
2
N -40
™
£
o -
3 50
_60 M | i | 3 1 3 | i | 3
0 30 60 90 120 150 180

*Panahi, Yousefi, et al, Journal of Lightwave Technology, 2015.
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Controlling Side Lobe in leaky Wave
Plasmonic Antennas

Fig. 13. Optical antenna designed with wall tapering.

*Panahi, Yousefi, et al, Journal of Lightwave Technology, 2015.
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Controlling Side Lobe in leaky Wave
Plasmonic Antennas
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*Panahi, Yousefi, et al, Journal of Lightwave Technology, 2015.
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Integrated Optical Phased Array Nano-Antenna
System Using a Plasmonic Rotman Lens

%5 Power Graphene-based Antenna
Splitter Switch

* Ashrafi, Yousefi, et al, Journal of Lightwave Technology, 2016.
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Introduction to Graphene

» Graphene is one of the crystalline forms
of carbon in which, carbon atoms are
arranged in a regular hexagonal pattern.

X
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massless Dirac-Fermions, which results ir
the extraordinary properties, includin o0 A -
v prop BT y(e) (-8
-—= £+
cE

(o= s27)

T fo(&) = fp(=¢)
0 [m—jZ;/}z —4(5[?1)2

de

supporting plasmonic waves at THz f R
frequencies. o. ¢¢

* In absence of magnetic field, graphene
conductivity can be estimated by Kubo
formula

* A. Fallahi, et al, Physical Review B, 2012.
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Integrated Optical Phased Array Nano-Antenna
System Using a Plasmonic Rotman Lens
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* Ashrafi, Yousefi, et al, Journal of Lightwave Technology, 2016.



Graphene based Switch

(b)

* Ashrafi, Yousefi, et al, Journal of Lightwave Technology, 2016.
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Graphene based Switch
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* Ashrafi, Yousefi, et al, Journal of Lightwave Technology, 2016.
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Integrated Optical Phased Array Nano-Antenna
System Using a Plasmonic Rotman Lens

—— Branch 3 is ON
~ = Branch 2 is ON
g ¥ = = Branch1is ON
Ay.. [=-= Branch4is ON

12.04

o --= Branch 5 is ON
O,
-
..% Active branch ~ Main lobe angle (deg)  Directivity (dB)
QO
k4 1 929 6
0 2 —15 10.8
3 0 12.1
1 +15 10.8
5 +29 6

Theta [Deg]

* Ashrafi, Yousefi, et al, Journal of Lightwave Technology, 2016.
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Optical Beam Steering using Tunable
Metasurfaces

CE"J’ Graphene  Si02  PCM(GST) Siicon  Gold
I-

* Abed, Yousefi, Optics Express, 2020.
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Optical Beam Steering using Tunable
Metasurfaces

Normalized Radiation Intensity (dB)
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* Abed, Yousefi, Optics Express, 2020.
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Optical Switches based on Hypebolic
Metamaterials

g 5

Signal (TM)

AlLO3 Gold O Graphene
Fig. 1. Unit cell of a HMM that is periodic in the y-direction.

* Moravvej-Farshi, Yousefi, and etc, APPLIED OPTICS, 2015.
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Optical Switches based on HMM Struc
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Fig. 9. Transmission spectra for the switchable HMM medium

with 7-nm Cu and 10-nm Si in OFF (s, =1 €eV) and ON (up =
0.96) states.

* Moravvej-Farshi, Yousefi, and etc, APPLIED OPTICS, 2015.
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All Optical Switching by HMM

Structure
» Unit cell of the proposed HMM structure
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* Moravvej-Farshi, Yousefi, and etc, JOSA B, 2015.



R =R

Numerical Results and Discussion
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* Moravvej-Farshi, Yousefi, and etc, JOSA B, 2015.
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Subwavelength Graphene-Based Plasmonic
THz Integrated Devices

Structure Layout
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* Yarahmadi, Moravej, Yousefi, IEEE Transactions on THz Technology, 2015.
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Subwavelength Graphene-Based Plasmonic
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* Yarahmadi, Moravej, Yousefi, IEEE Transactions on THz Technology, 2015.
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Tunable THz Perfect Absorber Using Graphene-Based

Metamaterials
E- ) ALO, i
Polymer
Structure Dimensions:
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(b) . ©

* Faraji, Moravej, Yousefi, Optics Communications, 2015.
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Tunable THz Perfect Absorber Using Graphene-Based
Metamaterials
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* Faraji, Moravej, Yousefi, Optics Communications, 2015.



Efficiency-Enhanced Ultra-Thin Solar
Cells using Nano-Structures and
Metasurfaces
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Enhanced Thin Solar Cells Using Optical
Nano-Antenna Induced Hybrid Plasmonic Travelling-Wave
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*Taghian, Ahmadi, Yousefi, Journal of Lightwave Technology, 2016.
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Enhanced Thin Solar Cells Using Optical
Nano-Antenna Induced Hybrid Plasmonic Travelling-Wave
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*Taghian, Ahmadi, Yousefi, Journal of Lightwave Technology, 2016.
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Enhanced Thin Solar Cells Using Optical
Nano-Antenna Induced Hybrid Plasmonic Travelling-Wave
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Fig. 9. Absorbance enhancement in the active layer of thin film solar cell for
TM and TE light polarization.

The short circuit current is numerically calculated, and the results show that
it is increased for both TM and TE polarizations by a factor of 1.4 and 1.3,
respectively.

*Taghian, Ahmadi, Yousefi, Journal of Lightwave Technology, 2016.
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Absorption Enhancement in Thin-Film Solar
Cells using an Integrated Metasurface Lens
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*Shameli, Yousefi, Journal of Optical Society of America B, 2018.



Absorption Enhancement in Thin-Film Solar Cells
using an Integrated Metasurface Lens
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*Shameli, Yousefi, Journal of Optical Society of America B, 2018.
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Absorption Enhancement in Thin-Film Solar Cells
using an Integrated Metasurface Lens
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*Shameli, Yousefi, Journal of Optical Society of America B, 2018.



Distributed silicon nanoparticles: an efficient
light trapping platform toward ultrathin-film
photovoltaics

hv

W=1800 nm
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| 425 nm
30nm § I -
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Shameli, Mirnaziry, Yousefi, Optics Express, 2021.
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Distributed silicon nanoparticles: an efficient
light trapping platform toward ultrathin-film
photovoltaics
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Shameli, Mirnaziry, Yousefi, Optics Express, 2021.

The average of photo-current enhancement for
random solar cells were 2.56 and 2.44 for TM
and TE polarizations, respectively.
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Using Neural Networks to Optimize the Metasurfaces
for Light Absorption

Hidden Layer I Hidden Layer I1I
128 Neurons 128 Neurons

Hidden Layer I e —— &
64 Neurons /5 e D NN

Input Layer
25 Neurons

Shameli, Fallah, Yousefi, JOSA B, 2021.
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Using Neural Networks to Optimize the Metasurfaces
for Light Absorption
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Shameli, Fallah, Yousefi, JOSA B, 2021.



Increasing the Resolution of Imaging Systems
using Metasurfaces and Nano-Structures
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Far-Field Imaging Beyond the Diffraction Limit using
Nano-Structures
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Fig. 2: The metasurface elements used to provide phase
discontinuity (a) Side view and (b) Top view.
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Fig. 3: Normalized electric field, due to the TM-polarized
plane wave incident, (a,c.e) in the presence of the metasurface,
and (b.d.f) without the metasurface, for (a,b) kr = 1.1ko, (c.d)
kr = 1.4kq, (e,f) kr = 1.7k.

*Salami, Yousefi, Journal of Light Wave Technology, 2019.
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Far-Field Imaging Beyond the Diffraction Limit using

Nano-Structures
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*Salami, Yousefi, Journal of Light Wave Technology, 2019.
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Far-Field Imaging Beyond the Diffraction Limit using

Nano-Structures
A Silicon resonator [ |
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Akbari, Salami, Yousefi, Optics Express, 2022.
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Far-Field Imaging Beyond the Diffraction Limit using
Nano-Structures
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Akbari, Salami, Yousefi, Optics Express, 2022.
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Far-Field Imaging Beyond the Diffraction Limit using

Nano-Structures
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*Salami, Yousefi, Journal of Light Wave Technology, 2020. 7
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Super-resolution far-field sub-wavelength imaging
using multiple holography
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Salami, Yousefi, JOSA B, 2021.
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Super-resolution far-field sub-wavelength imaging
using multiple holography
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Salami, Yousefi, JOSA B, 2021.



Invisibility Cloaks and Illusion using
Metasurfaces and Nano-Structures
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Wide-band Polarization-independent Metasurface-based
Carpet Cloak

Salami, Yousefi, IET Microwaves, Antennas & Propagation, 2020.



Wide-band Polarization-independent
Metasurface-based Carpet Cloak
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Salami, Yousefi, IET Microwaves, Antennas & Propagation, 2020.
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Developing a Carpet Cloak Operating for a Wide
Range of Incident Angles using a Deep Neural
Network and PSO Algorithm
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Fallah, Kalhor, Yousefi, Scientific Reports, 2023.
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Developing a Carpet Cloak Operating for a Wide
Range of Incident Angles Using a Deep Neural
Network and PSO Algorithm
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Low profile multi-layered invisibility carpet cloak using
guantum dot core—shell nanoparticles

y hl(cloak without LI layers) o4 . cloak without LI layers host
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Monemian, Yousefi, Scientific Reports, 2023.



Low profile multi-layered invisibility carpet cloak using
quantum dot core—shell nanoparticles
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Future Research Directions




Integrated Metasurfaces or Meta-Waveguides
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Meng et al. Light: Science & Applications, 2021.
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Metamaterials Fabricated by 3D-Printers

Tim Palucka, Applied Physics Letters, 2017



Integrated Lidars using Nano-Photonic
Devices and Circuits
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C. Poulton, Physics, 2016.


https://www.semanticscholar.org/author/C.-Poulton/4268345
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New Plasmonic Materials
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*@G.V. Naik and A. Boltasseva, Metamaterials 5, 2011.
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Summary

 Light can be shaped and manipulated at Nano-
Scale using Nano-Structures and Metamatrials.
* This manipulation can be used for developing:
* Next Generation Integrated Optical Devices
* Efficiency Enhanced Ultra-Thin Solar Cells
* High Resolution Imaging Systems
* Invisibility Cloaks and Illusion
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