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In-Plane TE Waves (rfwe)
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Conditions | Calor Stvle
Boundary sources and constraints
Boundary condition: | Scattering boundary condition ,J
Quantity Value/Expression Unit pescription
Source field: [ Electric field ,]
EO*E_pulse*E_bnd | Y/M  Electric field

-nz_rfwe [-nr_rfwe Wave direction

Name
E_bnd

Expression

w0*exp(-r~2/w_bnd~2)*cos(omega0*t-k0*z+eta_bnd-0.5%2*k0/R_bnd)/w

E_pulse

exp(-(t-t0)~2/dt~2)

E_lim
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Equations

HOBA[3t +11g3/at(eE, 3AI3t - D) + Vx(p (7 xA)) =0, £, = n?

 Subdomains'| Groups | Electric Parameters |Magnebc Parameters | Init | Element | ~-1r |

Subdomain selection Material properties
(O - | || wibrary material: | ~) [[toad. ]

Quantity Value/Expression Unit Description

() Specify material properties in terms of refractive index

n {1 | Refractive index
@ Specify material properties in terms of €. M, ando
> Constitutive relation

e | | P
[ select by group g 1 | Relative permittivity
[¥] Active in this domain D, d11*Ephi_rfwe~2 | C/m® Remanent displacement

Lok |[ cancel |[ Apply |[ Hep |
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Treats electrons as damped, anharmonic oscillators:

2
‘Zf +265 2—f + o (L4 aP? (D) P() = £, 1,02 E(D)

A

Damping Nonlinearity

Dispersion Resonance Susceptibility

(refractive index)

V. Janyani, A. Vukovic, J. D. Paul, P. Sewell, T. M. Benson, “The Development of
TLM Models for Nonlinear Optics,” Microwave Review 10 (2004) pp. 35-42.

o =0, Lorentz dispersion oy =0, x,=1, Drude dispersion



Subdomain Settings - In-Plane TE Waves (rfwe)

Expressions for the
coefficients of the Duffing
equation

Equations

HgOBAJEL +yi Biat(e BAAL - P) + Ty {7 xA) =0, ¢ =’

Electric Parameters Magnetic Parameters | Init | Element

Subdomain selection Material properties f - o :
Subdomain Settings - PDE, Coefficient Form (Duffing)
_ X Library material: w |
- Equation
Quantity Yalue /Express >
; ) i e 8°piot2 + d_9pjot + V{(-cVp-ap+v) + ap + PVp=F
(") Spedify material properties in terms 5 £
& Subdomains | Graups Coefficients | Init | Element | Y
(&) Speciy material properties in terms] Subdomain selection I PDE coefficients
Constitutive relation _ v, Coefficient Uahe;’liupljssinn Description
~ ()D=ggeF G)D=gF+P c _ D -----~__ | Diffusion coefficient
Group: . B omega0”~2*(1+alpha bsorption coefficient
r S " /\ " = 5
[] Select by group p C i F s 4 epsiomegal”~2*(1+alpha*p 2},
oy et ) . ) j
[] Active in this domain D, ~ &7 EI' .1"_. Mass cula-eﬂ‘lcunt
v d‘i\ 2*delta Damping/Mass coefficient
Gk 9N EI §l:| _ Consérvative flux convection coeff,
[ B ~~_ D o _ onvection coefficient
[ Select by group = e
¥ T s |1 B Conservative flux source term
R / [] Active in this domain
Links the two parts of the | )
model ok | [ cancel [ ey ][ Heb |
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Time=6.1e-14 Surface: Electric field, phi component [V/m] Max: 2.674e4
Height: Electric field, phi component [V/m] Boundary: E_lim [V/m] 1 04
Height: E_lim [V/m] %

2.5

2

-2.5
Min: -2.593e4

T

Time=9e-14 Surface: Electric field, phi component [V/m]
Height: Electric field, phi component [V/m] Boundary: E_lim [V/m]
Height: E_lim [V/m]

Max: 2.429e4

Min: -2.264e4

10



x10°

12

10 -

2_

4

0 A 1 1 1 1 A IL
4] 1 2 3 4 5

15
x 10

FFT made by Matlab at the output boundary
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» confine the light to sub wavelength scale

» Ultra-small mode effective area and highly nonlinear
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National physics Lab 1,:10_

Great Britain
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Nano scale metal spheres significantly confine the light the narrow interface
between the metal and dielectric medium.
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Surface: Magnetic Add, z camponent [Afm]  Arow: Power flow, time avarage

= Plain wave
é

Surface: Electric field, y component [Vjm] Arrow: Power flow, ime average Max: 769.954

o

600

400

X108 Min: -769.954

Reflected wave

Muc 2413

Transmittance and reflectance can be calculated by boundary integration.
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Surfece: Magnetic fleld, & compooent [A/m) Mox: 0.582 Surfece: Magnetic fleld z compooent [A/m)

1075 1679
as| | ) v
: (a) A (b)
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e B ENS A e taan ety
sl cresesman - 17 5%le \
o R ETLY TS 0.4 0 IR LN NN
3354456555665 7 1.58 85 45 5 55 6 65 7 1.5 8 BS
1078 Min: -0.575 «10°0 Win: -0.782

COMSOL Multiphysics simulation of the GH shifts for two Gaussian-shaped beams:
(@) A =413nm and 6 = 50 degrees (g, = —1.62+1.74i),
(b) A =248nm, and 6 = 54 degrees (g, = 0.563+0.148i). Bin zhao and Lei Gao, Opt.

Express, 17, 21433 (2009).
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Fscat

l L - Fgrad
!

Fgrad grad: B FETA AT A

=1 Vi > i
(A) (B) (C)

Farad 4l Fgrﬁ;! Fgrad l—_F: 3
] Vi i
(E) (F)

Optical field concentration
leads to the significant grad
distribution, which induces a
force vector.

N,

16



—_— .

High Q resonator:
Microsphere
Micro ring resonator
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Outgoing wave

Pillar (GaAs)
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Electronics | THz Gap < Photonics
109 16° 10" 10®  4d° 1d‘ 165 10"3 AHz)
1 I ! 1
4/ Radio ; Terahertz Near- and :
""” Waves Microwaves range Mid- lnfrared 'I uv ChRe “ll'

I I
30cm 3cm 3mm 300pm 30um Sum 300nm 30nm Wavelength
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Attenuation(dB/m)
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GVD ps/(THz cm)
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Cutoff Frequency(THz)
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Leakage Loss(dB/m)
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Photoconductive THz antenna

GaAs
Photoconductive

Terahertz
Antenna

CATHODE|

Optical Pump Beam
(2 =800 nm, <100 fs pulse width )



Photoconductive THz antenna

Outgoing Terahertz Pulse
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(2 =800 nm, <100 fs pulse width )



Terahertz time-domain spectroscopy
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A THz pulse
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Terahertz imaging

Visible Image

Terahertz Image

Measuring Water Content

freshly cut leaf after 48 hours
P

&

Possible THz Applications

« Security/container inspection
« Defect analysis

« Moisture monitoring

» Medical diagnostics

« Trace gas detection

» Biomedical imaging
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Evanescent Field Enhanced
Gas Sensing in THz Range
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Outline

Introduction

The Dielectric Properties of
Ferroelectric PVDF in THZ Range

THz Plasemon-like Excitation at the
PVDF/air Interface

Sensitivity of Evanescent Field
Discuss

110



Introduction

* The terahertz evanescent fields are used for
spectroscopic measurements, absorption

measured in liquids, and DNA hybridization
detected

e The problems of SPP based sensor in THz
range: (Loss and Phase matching )
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Introduction of SPP and SPP-based Sensing
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The Dielectric Properties of Ferroelectric
PVDF in THz Range

2
(gdc_ opt)a)ro
gs:gopt_l_ > -
W — @ + iy

Sopt =

&4 =50

y =0.1THz
., =0.3THZ

The ferroelectric PVDF layer is
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THz Plasemon-like Excitation at the
PVDF/air Interface

Phase matching condition
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Porous Fiber and THz Evanescent Field
Gas Sensor

The alterability of Porous Fiber

The cross-sectional
area of the fiber based
THz Evanescent filed

gas sensor o d/A=075
. D=7A

A =86uUum
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Plasmon-like Excitation and
Evanescent Field Enhanced
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v'Dielectric waveguides
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Metallic waveguides

» Circular metallic tubes

eg:stainless steel hypodermic needles, porpagation loss on the
order of 5dB/cm

» Thin metal layers on the inner surface of
dielectric tubes

A thin Cu layer in a polystyrene tube (loss 3.9dB/m )
A thin Ag layer in a silica tube (loss 8.5dB/m )

» Surface plasmon mediated guidance on

metallic wires (has the lowest predicted propagation losses
of 0.9dB/m )



Defect:

« ltis very difficult to excite the plasmons because their azimuthal
polarization

« Typical coupling losses are very high with less than 1% of the
incident power transmitted; even with the development of
specialized antennas only 50% coupling is achieved.

« Since the mode extends many times the diameter of the wire into
the ambient air, these waveguides have serious cross-talk issues
with nearby metallic objects.
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Dielectric waveguides

Because of the high absorption losses in dielectrics, a variety of
Guiding mechanisms have been studied in order to reduce the
Propagation losses.

« The resonance in the dielectric constant of ferroelectric PVDF has
been exploited for demonstraing a hollow core n<1 waveguide with
losses lower than 10dB/m.

Defect: PVDF is a semi-crystalline polymer that has many phases
and a complicated poling procedure is required for achieving the
ferroelectric state.

 Different photonic cyrstal structures have been tried , but the
absorption in a solid core remains considerabel.

« Many sub-wavelength waveguides have developed( | 3 iFiit)
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sub-wavelength waveguides

% A solid subwavelength rod acts as high refractive index core with

the surrounding air acting as a lower refractive index cladding. The
field of the guided mode extends far into the surrounding air
resulting in low absorption loss.

% A polymer tube with a cross section of ring structure. Low-loss
property of the polymer tube for THz guiding is achieved due to
the air core inside the polymer tube which traps a large part of
mode power and ,at the same time, enlarge the mode area of the
fundamental mode.
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sub-wavelength waveguides

% Porous waveguide
Sub-wavelength with multiple sub-wavelength holes
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 Micro-nm materials

* Multi-Fields: Optics,
Magnetic, Accoustic,
Electric, Tempreture,
Machnical, etc

* High speed flow
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