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Terahertz Imaging 2
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THz Near-field Imaging Technology and Applications
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Breaking the diffraction limit in the THz range
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Early development of THz microscopes 2
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Early development of THz microscopes 2

Near-field THz source modulation - ‘Dynamic Aperture’ (THz-TDS)
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Early development of THz microscopes 2

Electro-optic near-field probes (THz-TDS)
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Early development of THz microscopes

STM Tip - Microwave transmission (1 GHz)
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Early development of THz microscopes 2

Scattering Tip near-field microscopy (THz-TDS)
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Progress in development of THz microscopy =

near-field tip sample
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Wave transmission through subwavelength apertures =%
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Collection mode Aperture-type THz microscopy

THz beam
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Aperture-type THz near-field probes

Spatial Resolution Test
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Aperture-type THz microscopy

aperture size-wavelength ratio (a/A)
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Progress in development of THz microscopy =

near-field tip sample
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Progress in development of THz microscopy
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Spatial resolution
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Near-field studies at IRMMW-THz 42
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Applications of aperture-type
THz near-field microscopy
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Applications of aperture-type
THz near-field microscopy

THz surface waves
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THz surface wave observation
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Mueckstein et al., J.of IRMMW 32, 1031 (2011)
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Temporal mapping of surface plasmon waves

Norm. E-field
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Resonance on the bow-tie surface
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Resonance build up

Consecutive images
At=0.13 ps

ts=1t, + 1.5 ps
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Plasmonic excitations in THz Resonators

Conductive carbon fibres:
6.5 um diameter, 50-250 um long
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Applications of aperture-type
THz near-field microscopy

Dielectric Resonators
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Dielectric subwavelength resonators
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Dielectric subwavelength resonators

Sub-wavelength size
of TiO, resonators d~ /n
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Effect on sub-wavelength aperture transmission

High EM field confinement by a dielectric object
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Mie resonances in isotropic TiO, spheres
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Mitrofanov et al., Optics Express, 22, 23034 (2014)
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Anisotropy -
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Anisotropic dielectric THz resonators:

— Fano model fit —m-—experimentaldata = = numerical simulations
{T,=20 GHz f3=1.03THz =50, £,=70, £, =150, =15.m
54 I,=40 GHz f=1.21THz

enhanced electric field, E/E,

I. Khromova et al., Laser and Photon. Reviews (2016)



Narrow linewidth TiO, Resonators

enhanced electric field, E/E

2] Near-field measurement enables precise
2y @7 19OKM ) Q‘M characterization of TiO, anisotropic

e L ‘% properties at THz frequencies in sub-

6] : a wavelength size micro-spheres.

THz magnetic dipole resonances are
characterized without broadening due to
ensemble size variation.

The resonance linewidth of ~10 GHz is
observed confirming the potential of TiO,
as a material for all-dielectric THz
metamaterials.

I. Khromova et al., Laser and Photon. Reviews (2016)

0.50 0.75
frequency (THz)

36



Non-sphericity -
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Applications of aperture-type
THz near-field microscopy
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THz Waveguides
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Applications: Modes in Wavegquides
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Applications in THz technology research: Waveguides %
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Applications of aperture-type
THz near-field microscopy

by transient currents =~
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Generation of THz pulses at semiconductor surfaces
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Emission of THz pulses

|
Fe:InGaAs
thinned (30 um)

on A|203 05

25

200 pm

THz emission originates from two distinct points
corresponding to the Slit Edges.

3.9

These two sources display opposite polarities 4, o0 0 0 200
to ne far-field emission in forward direction X position (um) 43

(o)



Emission mechanism &

Transient Dipole Moment
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Normal incidence vs. 45 degree incident angle
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THz emission for the angle of incidence of 45 deg
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Impact of near-field studies

Mueckstein et al. (2015)

Physics of carrier dynmamics
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ACTIVE THz near-field probes
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THz generation and Resonant scattering
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Surface plasmon excitation and Local THz generation 4
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Exploiting sample-probe interaction -

Light-matter coupling using resonators Double metal resonators

(a) Ring inductance
o5 Anow =1 EV1452 ng
w2

Y. Todorov et al.,

) 0.5 3 :
< " ) OpEx. 23, 16838 (2015)
é 0.3 E T . "‘
g & CONC N
= 02 \ Si0,
o1 GaAs substratk
9 1 2 3 B/[lT) 5 6 T 8 sub-wavelength ground strip

capacitors

Maissen et al., PRB (2014)

Top (real)
resonator

Bottom (image)

etallic
resonator

51
Mitrofanov et al., Appl Phys Lett. 2017



Detection of fields inside Double metal resonators
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Interaction of the resonator with the probe
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Summary +

Imaging beyond the diffraction limit in the e ey —————
THz range enables a wide range of studies f O ~ R
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No single near-field technology currently covers
the entire range of applications
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L

Technological limits have been broken repeatedly
by novel THz devices and near-field techniques

Further development of the field of THz near-field microscopy
will benefit from expanding the application spectrum,
which sometimes leads to unexpected discoveries
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