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Abstract

The optical properties of surface plasmons at the resonant wavelength depend on the geometrical nanostructure of materials, refractive indices,
thickness (materials and dielectrics), and shapes of the formation unit cell nanoantennas. In this study, we take different shapes of plasmonic
nanoantenna structures with a prototype of single and dual U-shapes as a common part to format a unit cell of nanoantenna by adding T and L-shapes
based on a different dielectric such as, a silicon nitride, magnesium fluoride, and aluminium oxide, with gold as a variation of refractive indices. A single
U-shape provides a dual spectral resonance at a wavelength range of (500-950)nm. Thus, in these proposed structures, we try to achieve a triple band
with the best transmission and field enhancement distributions (electric field intensity and magnetic field intensity), and we design and simulate these
fractals by using the 3D- finite difference time domain method Lumerical program with an incident source between a visible to infrared range. From the
results, the triple bands have a wide range of applications in medicine as biosensors and in communication systems (optical modulators).
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Introduction

Nanoantenna is a nanoparticle of metallic structures designed
to deal with light [1,2]. The principles of working such a device is
to improve the energy conversion between the nanoantennas and
free radiation field [3]. The operation of the nanoantenna takes
place successfully in a range between IR to visible so, it has great
development designs [4]. A surface Plasmons (SPs) of metallic that
is excited by an incident of light has extraordinary effects that have
recently become a study focus [5-7]. Currently, nanoantennas are
being designed in different shapes and material arrangements
[8,9]. The properties of dielectrics have strong effects on LSP
(Localized Surface Plasmons), which is important for sensing
applications such as optics, biology, and material sciences [10,11]
because they depend on localized practical resonances. Thus, it is
easy to perform the measurements of (optical parameters) such as
absorption, reflection, scattering, and transmission [12-15].

Over the last few years, different shapes of nanoantenna have
been proposed by changing arrangement of the parts to obtain multi
resonances in a range of mid IR [16] and improve the reflection for
spectrometry [17], such as Bowtie [18], loop [19], and triangular
[20] as a basic design. On the other hand, there are complicated
structures such as the U-shape [21], and SRR (split ring resonator)

[22-24]. Several models of nanoantennas plasmonic shave have
been designed and fabricated by Altug et al that deposit Au and Ti
on SiN membrane layers [25,26], while Mosallaei [27] used silver
(Ag) based on Silicon substrate [26]. Also, the U-shape is used with
other structures such as the Jerusalem Cross (JC) to present multi
resonances as perfect metamaterial absorbers (MA) in the THz
region. Zarrabi [28] added the U- shape to the H-shape in order to
achieve a triple resonance by using the CST program. The arrays of
the U-shaped metallic periodic with SRRs to improve the magnetic
resonances of metamaterials are composed of high-quality sensing
[29].

In this article, we take a different shape of plasmonic
nanoantenna structure with a prototype of a single and dual U-
shape as a common part to format a unit cell of nanoantenna by
adding T and L-shapes of the gold base on a different dielectric such
as , SiN (n=1.98,2,2.16), MgF, (n=1.37,1.36) and ALO,, (n=1.76)
as a variation of the refractive indices. Consequently, in these
proposed structures, we attempt to achieve a triple spectral with
the best transmission and field enhancement distributions (electric
field intensity (E) and magnetic field intensity (H), we design and
simulate these fractals by using the 3D- FDTD method Lumerical
program with an incident source between the visible -IR range.
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Method of Analysis

Inthisstudy Figure 1 showsthe differentshapesofthe Symmetric
unit cell of the nanoantenna with geometrical parameters (L, H, W,
t) representing the length, height, width, and thickness of the metal
respectively, including S the distance between the two shapes in the

same unit cell. The shapes of the nano structures basically depend
onthe deposition of a gold (Au) layer with (t=100nm) on a substrate,
which is variable like SiN,(n=1.98,2,2.16), MgF,,(n=1.37,1.36)and
AlLO,, (n=1.76), with the dimensions of the unit cell; L=800nm,

273

H=400nm and W=(75- 100)nm.

Figure 1: Schematic view of single and dual U-shapes of nanoantenna structures in different designs: a) single U with dual L
shapes. b) Dual U with 4 L shapes. ¢) Dual U with dual T shapes.

Three models of the nano antennas are proposed by using the
U-shape added to L, T shapes in a 3D FDTD Lumerical program to
design a simulation Plasmonic nanoantenna trying to achieve dual
and triple spectral resonance and field enhancement distributions
E and H with the best transmission, therefore, we used a multi type
of substrate model in order to change the refractive index that
effects the surface Plasmon resonance with each a model. We found
the values of wave number (ksp) with different values of refractive
index and Surface Plasmon frequency (u)sp) from equations (1,2)
[30].
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For Drude models of metal, such as Au or Ag, the dielectric

constant g can be written as a function of frequency (w) from
equation (3).
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Where ¢ and ¢ are real and imaginary parts of the metal’s
dielectric constant, respectively, ¢ is the static term due to the
bound charge, and is the damping coefficient [31].

Results and Discussion

Figure 2, shows the results of the simulation of three models
(dual U, dual T, a single U dual L, and dual U 4L) with different
refractiveindices; thisworkis performed by 3D-FDTD, by a Lumerical
solution Inc.The periodic boundary conditions were considered for
the x- and y-directions, respectively, and PML boundary condition
for z-directions at an incident of an electromagnetic wave in the
z-direction.
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Figure 2: The transmission spectrum Vs wavelength with different refractive indices for the proposed models of plasmonic nano
antennas: a, b and c for dual U, dual T. d ,e and f for single U, dual L. g, h and i dual U,4L.

Table 1: The results of the simulation for the three models.

Results of Simulation
Models Substrates Resonances (A)nm Range of Wave Length Transmission
MgF, (n=1.36) }\1:780, 7\2:830, 7\3:920 Visible, near IR 0.88
Dual U, dual T (a,b,c) SiN (n=1.98) A,=720,21,=830 Visible, near IR 0.85
ALO, (n=1.76) A,=6502 =770 visible 0.9
MgF, (n=1.37) A,=650,1,=770 visible 0.84
Si“gl(edg,g“al L SiN (n=2.16) 2,=900,1,=1050 near IR 0.9
ALO, (n=1.76) 1,=810,2,=850 near IR 0.8
MgF, (n=1.36) A,=800,2,=860,2,=910 near IR 0.73
Dual U, 4L (gh,i) SiN (n=2.16) A,=780,1,=865 Visible, near IR 0.92
AlLO, (n=1.76) A,=850,21,=900 near IR 0.94
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From Table 1, these models are operated in visible to IR
regime and high transmission achieved with the dual U, 4L with
AL O, (n=1.76) approximate to 0.94 in near IR, also we obtain high
transmission in a visible range with Al,0, and SiN (n=2.16) special
in a single U and dual L. On the other hand, we can see that there
are triple resonances in both designs (Dual U, dual T and Dual U, 4L)
with MgF, (n=1.36) in the same range.

In Figure 3, the field enhancement distributions of E appear
strongly with the SiN substrate for all the models in a single U, and
a dual L approximate to 0.96 at the center of structure. While the
field enhancement distributions of H noticed in the dual U, 4L about
2.62E3 concentrated on both sides of the structure. On the other
hand, with AlZOa; H is concentrated at the center with a value 2.01E-
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L. e and f represent E,H for dual U, 4L.

Figure 3: best field distributions of E and H; a and b represent E,H for dual U, dual T. ¢ and d represent E,H for single U, dual

Conclusion

As a result of the interaction between the incidents light with
the surface of the metals, each model demonstrates that dielectric
and refractive index and also the thickness of the substrate have
an effect on radiation efficiency. High transmission and field
enhancements show a distribution that is related to the effect of the
positions of the surface plasmons which reveals them to be a good
candidate for biosensor applications. These models offer flexibility
and a wide range of designing and fabrication structures and
optimizing the response of surface Plasmon at visible and near the
IR regime. The proposed different shape of models of nanoantenna
plasmonic can also support dual and triple response resonances of
operations and act as a high transmitted for new devices. Through
these results, we can find some methods for new arrangements to
enhance plasmonic nanoantennas quality and accuracy.

References

1. Schuck PJ, Fromm DP, Sundaramurthy A, Kino GS, Moerner WE (2005)
Improving the mismatch between light and nanoscale objects with gold
bowtienanoantennas. Phys Rev Lett 94(1): 17402.

2. Crozier KB, Sundaramurthy A, Kino GS, Quote CF (2003) Optical
antennas: resonators for local field enhancement. ] Appl Phys 94: 4632-
4642

3. Xu J, Kumar A, Chaturvedi P, Hsu KH, Fang NX (2010) Enhancing

lightcoupling with plasmonic optical antennas, in metamaterials: theory,
design, and applications. In: Cui TJ, Smith D, Liu R, Springer, NY, USA.

4. Kabashin AV, Evans P, Pastkovsky S, Hendren W, Wurtz GA, et al. (2009)
Plasmonic Nano rod metamaterials for biosensing. Nature Materials 8:
867.

5. Bozhevolnyi SI, Sndergaard T (2003) General properties of slow-
plasmon resonant nanostructures: nano-antennas and resonators. Phys
Rev Lett 91: 253902.

6. Barnard ES, White ], Chandra A, Brongersma ML (2008) Spectral
properties of plasmonic resonator antennas. Opt Express 16: 16529-
16537.

7. Biagioni P, Huang ]S, Dupo L, Finazzi M, Hecht B (2009) Cross
resonantoptical antenna. Phys Rev Lett 102(25): 256801.

8. Bakker RM, Drachev VP, Yuan HK, Shalaev VM (2003) Enhanced
transmission in near field imaging of layered plasmonic structures. Phys
Rev Lett 91: 227402.

9. Abe M, Suwa T (2004) Surface plasma resonance and magneto-optical
enhancement in composites containing multi core-shell structured
nanoparticles. Phys Rev B 70(23): 235103.

10.Zhu],SunZ,LiJJ,Zhao JW (2010) Local temperature pattern in plasmonic
gold nano shell: tuning the heat generation. Eur Phys ] B Condens Matter

Complex Syst 78(3): 311-314.

11.Haes A], Zou S, Schatz GC, Duyne RPV (2004) Nanoscale optical
biosensor: short range distance dependence of the localized surface
Plasmon resonance of noble metal nanoparticles. ] Phys Chem B

108(22): 6961-6968.

Volume - 8 Issue - 4

How to cite this article: Mohanad A, Yasa E. Studying and Simulation of a Different Formation of U Shape with T and L shapes of Plasmonic Nanoantennas

923

with Variable Substrates. Res Dev Material Sci . 8(4). RDMS.000691.2018. DOI: 10.31031/RDMS.2018.08.000691


http://dx.doi.org/10.31031/RDMS.2018.08.000691
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.94.017402
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.94.017402
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.94.017402
https://aip.scitation.org/doi/10.1063/1.1602956
https://aip.scitation.org/doi/10.1063/1.1602956
https://aip.scitation.org/doi/10.1063/1.1602956
https://www.nature.com/articles/nmat2546
https://www.nature.com/articles/nmat2546
https://www.nature.com/articles/nmat2546
https://www.osapublishing.org/viewmedia.cfm?uri=oe-15-17-10869&seq=0
https://www.osapublishing.org/viewmedia.cfm?uri=oe-15-17-10869&seq=0
https://www.osapublishing.org/viewmedia.cfm?uri=oe-15-17-10869&seq=0
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-16-21-16529
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-16-21-16529
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-16-21-16529
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.102.256801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.102.256801
https://engineering.purdue.edu/~shalaev/Publication_list_files/4505_9650_46091.pdf
https://engineering.purdue.edu/~shalaev/Publication_list_files/4505_9650_46091.pdf
https://engineering.purdue.edu/~shalaev/Publication_list_files/4505_9650_46091.pdf
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.70.235103
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.70.235103
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.70.235103
https://epjb.epj.org/articles/epjb/abs/2010/23/b100598/b100598.html
https://epjb.epj.org/articles/epjb/abs/2010/23/b100598/b100598.html
https://epjb.epj.org/articles/epjb/abs/2010/23/b100598/b100598.html
https://pubs.acs.org/doi/10.1021/jp036261n
https://pubs.acs.org/doi/10.1021/jp036261n
https://pubs.acs.org/doi/10.1021/jp036261n
https://pubs.acs.org/doi/10.1021/jp036261n

Res Dev Material Sci

Copyright © Mohanad Aljanabi

12.Raschke G, Kowarik S, Franzl T, Snnichsen C, Klar TA, et al. (2003)
Bimolecular recognition based on single gold nanoparticle
lightscattering. Nano Letters 3(7): 935-938.

13. Smyth EJ, Dickey MD, Boa ], Whiteside’s GM, Capasso F (2009) Optical
antenna arrays on a fiber facet for in situ surface-enhanced Raman
scattering detection. Nano Letters 9(3): 1132-1138.

14.Liu N, Mesch M, Weiss T, Hatchel M, Giessen H (2010) Infrared perfect
absorber and its application as plasmonic sensor. Nano Letters 10(7):
2342-2348.

15. Liu N, Tang ML, Hatchel M, Giessen H, Alivisatos AP (2011) Nanoantenna
enhanced gas sensing in a single tailored nano focus. Nature Materials
10(8): 631-636.

16. Turkmen M, Aksu S, Cetin AE, Yanik AA, Altug H (2011) Multi-resonant
metamaterials based on UT-shaped nano-aperture antennas. Opt
Express 19: 7921-7928.

17. Adato R, Yanik AA (2011) On chip plasmonic monopole nano-antennas
and circuits. Nano Lett 11(12): 5219-5226.

18. Chen CK, Chang MH, Wu HT, Lee YC, Yen TJ (2014) Enhanced vibrational
spectroscopy, intracellular refractive indexing for label-free biosensing
and bio imaging by multiband plasmonic-antenna array. Biosens Bio
electron 60: 343-350.

19. Ahmadian D, Ghobadi C, Nourinia ] (2013) Ultra-compact two-
dimensional plasmonic nano-ring antenna array for sensing applications.
Opt Quantum Q4 Electron, pp.1-10.

20. Giloan M, Astilean S (2014) Negative index optical chiral metamaterials
based on asymmetric hexagonal arrays of metallic triangular nano
prisms. Opt Commun 315: 122-129.

21.Turkmen M, Serap A, Cetin AE, AliYanik A, Altug H (20111) Multi-
resonant metamaterials based on UT-shaped nano-aperture antennas.
Opt Express 19(8): 7921-7928.

@ @ Creative Commons Attribution 4.0
™ International License
For possible submissions Click Here |SSILIiF:NEEE

RDMS iz

22.Horikawa ], Kawakami A, Hyodo M, Tanaka S, Takeda M, et al. (2014)
Evaluation of nano-slot antenna for mid-infrared detectors. Infrared
Phys Technol 67: 21-24.

23. Giessen H, Lippitz M (2010) Directing light emission from quantum dots.
Science 329(5994): 910-911.

24.Acuna GP, Moller FM, Holzmeister P, Beater S, Lalkens B, et al. (2012)
Fluorescence enhancement at docking sites of DNA-directed self-
assembled nanoantennas. Science 338(6106): 506-510.

25. Cetin AE, Turkmen M, Aksu S, Etezadi D, Altug H (2015) Multi-resonant
compact nano aperture with accessible large near fields. Appl Phys B
118(1): 29-38.

26.Ahmadi A, Mosallaei H (2010) Plasmonic nano loop array antenna. Opt
Lett 35(21): 3706-3708.

27.Fsaneh SA, Ferdows BZ, Samaneh H, Navid PG (2015) Independent
polarization and multi-band THz absorber base on Jerusalem cross.
Optics Communications 352: 121-126.

28.Ferdows BS (2017) Sub wavelength plasmonic nano-antenna with H
and U shape for enhancement of multi resonance. Optik 127(10): 4490-
4494,

29.Chen ], Fan W, Zhang T, Tang C, Ying (2017) Engineering the magnetic
plasmon resonances of metamaterials for high-quality sensing. Optics
Express 25(4): 3675.

30. Maier S (2007) Plasmonics. Springer, New York, USA, p. 254.

31. Tumkur T, Barnakov Y, Kee ST, Noginov MA, Lieberman V (2015)
Permittivity evaluation of multi-layered hyperbolic metamaterials:
Ellipsometry vs. reflectometry. Journal of Applied Physics 117: 103104.

Research & Development in Material Science
Benefits of Publishing with us

e High-level peer review and editorial services

¢ Freely accessible online immediately upon publication
¢ Authors retain the copyright to their work

¢ Licensing it under a Creative Commons license

¢ Visibility through different online platforms

Volume - 8 Issue - 4

How to cite this article: Mohanad A, Yasa E. Studying and Simulation of a Different Formation of U Shape with T and L shapes of Plasmonic Nanoantennas

924

with Variable Substrates. Res Dev Material Sci . 8(4). RDMS.000691.2018. DOI: 10.31031/RDMS.2018.08.000691


http://dx.doi.org/10.31031/RDMS.2018.08.000691
https://pubs.acs.org/doi/10.1021/nl034223%2B
https://pubs.acs.org/doi/10.1021/nl034223%2B
https://pubs.acs.org/doi/10.1021/nl034223%2B
https://pubs.acs.org/doi/10.1021/nl803668u
https://pubs.acs.org/doi/10.1021/nl803668u
https://pubs.acs.org/doi/10.1021/nl803668u
https://pubs.acs.org/doi/abs/10.1021/nl9041033
https://pubs.acs.org/doi/abs/10.1021/nl9041033
https://pubs.acs.org/doi/abs/10.1021/nl9041033
https://www.ncbi.nlm.nih.gov/pubmed/21572410
https://www.ncbi.nlm.nih.gov/pubmed/21572410
https://www.ncbi.nlm.nih.gov/pubmed/21572410
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-19-8-7921
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-19-8-7921
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-19-8-7921
https://pubs.acs.org/doi/10.1021/nl202528h
https://pubs.acs.org/doi/10.1021/nl202528h
https://www.ncbi.nlm.nih.gov/pubmed/24836017
https://www.ncbi.nlm.nih.gov/pubmed/24836017
https://www.ncbi.nlm.nih.gov/pubmed/24836017
https://www.ncbi.nlm.nih.gov/pubmed/24836017
https://www.sciencedirect.com/science/article/abs/pii/S003040181300998X
https://www.sciencedirect.com/science/article/abs/pii/S003040181300998X
https://www.sciencedirect.com/science/article/abs/pii/S003040181300998X
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-19-8-7921
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-19-8-7921
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-19-8-7921
https://www.sciencedirect.com/science/article/pii/S1350449514001133
https://www.sciencedirect.com/science/article/pii/S1350449514001133
https://www.sciencedirect.com/science/article/pii/S1350449514001133
http://science.sciencemag.org/content/329/5994/910/tab-figures-data
http://science.sciencemag.org/content/329/5994/910/tab-figures-data
https://www.ncbi.nlm.nih.gov/pubmed/23112329
https://www.ncbi.nlm.nih.gov/pubmed/23112329
https://www.ncbi.nlm.nih.gov/pubmed/23112329
https://infoscience.epfl.ch/record/220770?ln=en
https://infoscience.epfl.ch/record/220770?ln=en
https://infoscience.epfl.ch/record/220770?ln=en
https://www.osapublishing.org/ol/abstract.cfm?uri=ol-35-21-3706
https://www.osapublishing.org/ol/abstract.cfm?uri=ol-35-21-3706
https://linkinghub.elsevier.com/retrieve/pii/S0030401815003788
https://linkinghub.elsevier.com/retrieve/pii/S0030401815003788
https://linkinghub.elsevier.com/retrieve/pii/S0030401815003788
https://www.sciencedirect.com/science/article/pii/S0030402616300213?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0030402616300213?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0030402616300213?via%3Dihub
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-25-4-3675
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-25-4-3675
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-25-4-3675
https://aip.scitation.org/doi/10.1063/1.4914524
https://aip.scitation.org/doi/10.1063/1.4914524
https://aip.scitation.org/doi/10.1063/1.4914524
http://crimsonpublishers.com/online-submission.php
http://crimsonpublishers.com/rdms

	Studying and Simulation of a Different  Formation of U Shape with T and L shapes of  Plasmonic Nanoa
	Abstract
	Keywords
	Introduction
	Method of Analysis
	Results and Discussion
	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1

