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Fig. 3. A 2D view of the designed plasmonic filter consisting of HSRs.
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Fig.1 a Schematic of the three-dimensional of the plasmonic filter structure, b a cross-section of the x—y
plane and z=0
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(a) wavelenght=8um , h=10nm (b) wavelenght=8um , h=60nm

(c) wavelenght=8.5um , h=10nm (d) wavelenght=8.5um , h=60nm
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Fig.2 Electrical field profiles of the TM mode at different wavelengths around the core and cladding
regions for different gaps under graphene layer, h,a h=10 nm and b h=60 nm
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Fig.4 Neff and Keff versus wavelengths for different chemical potentials a for Neff and b for Keff
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Fig.7 Transmission spectrum in different wavelength ranges of plasmonic filter structure having different
distances between the waveguide and the ring, d, where Rout=230 nm, Rin=165 nm and pc=0.35 eV
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Fig.8 Transmission spectrum in different wavelength ranges of plasmonic filter structure with different
inner radii of the ring, Rin, where Rout=230 nm, d=20 nm and pc=0.35 eV
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Fig.9 Transmission spectrum of plasmonic filter with different Rout of the ring. (Rin=165 nm, d=20 nm,
pc=0.35eV)
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Fig. 12 The electric field distributions at resonant wavelengths: a A4, = 8.8532 y m, b 1,=9.9064 u m,
where p.=0.35 eV
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Fig. 15 Plasmonic filter transmission spectra with m=40 nm and different position angles of gap, 0,
(shown in fig. 14), where Rout=230 nm, d=20 nm and pc=0.35 eV
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Fig. 3. Equivalent circuit for proposed BPF using triangular patch [33].
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Fig. 5. Simulated S-parameters of BPF.
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Fig. 10. 3D model of proposed BSF using triangular patch.
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Fig. 13. S-parameters of EM simulation and circuit simulation of the pro-
posed BSF.

[¥¥] ADS 5 CST I8l 65 b oais gl sl jislo sla grly auolio :#+-Y IS5

bl ond oy p (A5 (oloond Jonilly 9 SIS Jobo i G5l 5l wbiiBys jild 6 pdyeedats CuliB
gy &b g VY THZ a4, VY0 THZ 51 Jgl cadgs ol uslS,8 ¢ O/0 UM G Y um 51 BIKs Jobo ol 58!

53



Ge/AeV 5l 315 lond Jowsly o b pizmen 058 o0 Jdiie YA THz & YNt THz ) £y
Lasl> Y08 THZ & YIVE THZ 5l pg0 iBgs aib 4 V/F2 THZ VY0 THZ I Jol g5 aib e - NY €V

ol @ bgre So1 9 S11 slageul wile o (SL /Y THZ Ll il g0 0 b by a5 Jb> j0 w0gd oo
casloads @3l SY-Y IS b Y=Y S la S jo Ol s

o
=
73
L ‘ -
" - = a,=40um
20 \: }
y ----a,=3.0um
24 |-
1 1 1 1 1 1 1
0.6 0.9 1.2 15 1.8 21 24

Frequency (THz)

Fig. 15. Sy, responses of proposed BSF for varying slit lengths.
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Fig. 17. S11 responses of proposed BSF for varying chemical potential.
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Fig. 18. S2; responses of proposed BSF for varying chemical potential.
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Fig. 3. (a) Transmission spectrum of single-mode bandpass filter at 15 THz frequency. (b) Magnitude of field distribution in Ls nanoribbon from z-y view. (c)
Magnitude of field distribution at resonance frequency from y-x view.
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Fig. 5. Magnitude of field distribution from y—x view. (a) At the pass frequency of 11.5 THz, and (b) at the
cutoff frequency of 10.5 THz; (c) from z—x view; (d) from y-z view.
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Fig. 9. (a) Frequency response of the filter to variations in the chemical potential of graphene. (b) Adjusting
chemical potential via gate voltage control.
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3 Scaling parameter 7 vs 3 x W for nanoribbons in the simulations
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Figure 2.1: Nematic, Smectic and Cholesteric liquid crystals [18]
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function [ee] = Sigma_Grapheneee(M,T,tau,d, freq)
fermil=M;

c=3e8;

j=sqrt;(\-)

e=1.6e-19;

kb=1.3806503e-23;

hb=(6.626e-34)/(2*pi);

gamma=1/(2*tau);
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w=pi*2*freq;
m=length(w);
muc=1.6e-19*[fermil];
n=length(muc);
mucT=repmat(muc,m,1);
wt=repmat(transpose(w),1,n);
sigmaintra=-j*((e"2*kb*T)./(pi*hb"2* (wt-
j*2*gamma))).*((mucT)/(kb*T)+2*log(exp(-mucT/(kb*T))+1));
sigmainter=zeros(m,n);
eps=1.6e-19*linspace;(- N+ &+ - - - )
g=Ilength(eps);
for i=1:n
muuc=muc(i);
fepsn=1./(1+exp((-eps-muuc)/(kb*T)));
fepsp=1./(1+exp((eps-muuc)/(kb*T)));
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sigmainter(k,i)=trapz(eps,-(j*e"2*(w(k)-j*2*gamma)/(pi*hb”"2))*(fepsn-
fepsp..(
/. ((w(k)-j*2*gamma)”2-4*(eps/hb).”2);(
end
end
format longG
sig=conj(sigmainter+sigmaintra);
ee=(j*((sig./transpose(w)))/(8.854187817*1e-12*d*1e-9))+1;
end
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Abstract

In this dissertation, two dual-band graphene-based plasmonic bandpass filters with hybrid
post-fabrication tunability are presented for terahertz (THz) applications; terahertz regime ranges
from 0.1 THz to 10 THz. The first proposed filter consists of a graphene nanoribbon waveguide
which is coupled to two sets of branched resonant stubs placed on a silica substrate and overlaid
with an azo-dye-doped liquid crystal (LC) layer. The proposed filter resonates at 2.45 THz and 9.2
THz when the laser pump is off. However, when the laser pump is on, the resonant frequencies
redshift to 2.3 THz and 8.6 THz. The second structure is also based on a graphene based
waveguides that load-ended resonators are attatched to it. It demonstrate two controllable
passbands centered near 2 THz and 5.75 THz, accompanied by deep reflection minima below —33
dB. The proposed filters are simulated by COMSOL Multyphysics and also by Transmission Line
Method. The results have a good agreement but with a negligible deviation. Owing to its compact
footprint (350 nm x 420 nm), dual-band operation, and independent hybrid tunability, the proposed
filter is a strong candidate for reconfigurable integrated THz plasmonic systems.
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