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18 September 2023

. . . Symposia
08:30 - 09:00 Opening Ceremony Theatre
Chairperson(s): David Cooke,
. . . Symposia
09:00 - 09:45 Plenary Session 1 Theatre
Chairperson(s): Lyubov Titova,
09:00 Nonlinear Optics Of THz Radiation Mo-PL-1-1
Robert Boyd
25 Templeton Street, room 456
Nonlinear Optics of THz Radiation
. . . Symposia
09:45 - 10:30 Plenary Session 2 Theatre
Chairperson(s): Lyubov Titova,
09:45 THz-driven Acceleration And Manipulation Of Electron Beams Mo-PL-2-1

Steven Jamison'; Graeme Burt?; Darrren Graeme>; Robert Appleby3 ; Morgan
Hibberd>

1Bailrigg, Lancaster; 2Lancaster; 3Manchester

Laser-derived THz sources are capable of acceleration or deflection of electron
beams, with femtosecond temporal control. When combined with electron
beam dynamics in free-space or magnetic transport systems, actively driven
synchronization of electron beams to lasers becomes achievable. Maximizing
the interaction between THz and electron beams requires solving challenges
such as slow-light systems to obtain velocity phase-matching between wave
and particle beam; generation of electromagnetic modes or interaction
configurations that provide an electric field polarization collinear with wave
and particle propagation; and design of dispersion free, or minimal dispersion,
structures that maximizes the THz-electron interaction. Research of the THz
acceleration group at Cockcroft Institute in these areas includes mode-tailored
spintronic sources, high-field PPLN generation, slow-wave travelling source
schemes, and dielectric and corrugated waveguide structures. The acceleration
and manipulation of both relativistic and 100keV electron beams have been
demonstrated. Relativistic beam concepts and are being developed further for
ultrafast temporal compression and active synchronization control of high-
energy beams, while boosting 100keV beams to MeV levels underpins the
development of THz-driven electron injector technology.

11:00 - 12:00

Symposia

Quantum-Cascade Lasers I Theatre

Chairperson(s): Xiang Lu,

Terahertz Near-field Mapping Of Plasmon-polaritons In Layered Nano



11:00

11:30

11:45

Materials Mo-AM-1-1

Miriam Vitiello

Piazza San Silvestro 12, Pisa

Terahertz near-field mapping of plasmon-polaritons in layered nano materials

Spectral Shaping In Ultra-Thin Terahertz Quantum Cascade Laser Pairs Mo-AM-1-2

Marie C. Ertll; Michael J aidll; Benedikt Limbacherl; Dominik Theinerl;

Miriam Giparakisz; Maximilian Beiserz; Aaron M. Andrewsz; Gottfried

Strasserz; Juraj Darmol; Karl Unterrainer!

|Gusshausstrasse 27-29, Vienna; 2Gusshausstrasse 25a, Vienna

We present optically coupled episide down bonded ultra-thin terahertz quantum

cascade wire laser pairs. Episide down flip chip bonding facilitates the

electrical contacting of ultrathin lasers. The resulting sandwich structure traps

the radiation propagating outside the laser cavities. In subwavelength laser

cavities up to half of the mode propagates along the outside. This radiation

couples to the neighboring ridges which injection-locks them.

THz Optical Solitons Formation In Double Ring Quantum Cascade Lasers Mo-AM-1-3

Paolo Michelettil; Urban Senical; Andres Forrerl; Sara Cibellaz; Guido
Torrioliz; Martin Frankié3; Mattias Beck3; Jerome Faist3; Giacomo Scalari’
'ETH Honggerberg, HPT F10 Auguste-Piccard-Hof 1, Zurich; 2Via del Fosso

del Cavaliere, 100, Roma; 3ETH Honggerberg, Auguste-Piccard-Hof 1, Zurich
THz optical solitons are demonstrated in circular cavity Quantum Cascade
Lasers (QCL) where a double ring waveguide design provides for the
anomalous dispersion. Sech2 spectra featuring 12 ps pulses in the reconstructed
emission time profile are presented which agrees well with numerical
simulations based on Complex Ginzburg-Landau equation.

11:00 - 12:00

THz Driven Electron Sources Cartier I
Chairperson(s): Steven Jamison,

11:00

11:30

Terahertz Surface Plasmon Polariton Amplification And Its Application In
Electron Accelerations

Ye Tian; Yushan Zeng

No0.390, Qinghe Rd., Jiading Dist., Shanghai

Surface plasmon polaritons (SPPs) can drastically alter photonic densities to
allow extraordinary light field properties that are otherwise inaccessible. Here,
instead of exciting SPPs by free-space coupling, we demonstrate coherent
amplification of the terahertz SPPs via the interaction with a synchronous
femtosecond electron bunch, and disclose their time-resolved spatial, energy,
and frequency evolutions during the amplification processes. Using the
resultant intense terahertz SPPs as a driving source, we further report on the
experimental evidence of tunable electron acceleration, with electron energy
gain up to the mega-electronvolt range.

THz-driven Electron Emission From Metallic Surfaces Mo-AM-2-2
Tobias Buchmann; Matej Sebek; Simon Lange; Peter Uhd Jepsen

Otto Mgnsteds Plads 343, Kongens Lyngby

We showcase THz-driven electron emission from metal-based metasurfaces.

The effect of the gap-size of bow-tie antennas on the electron emission and

emission threshold is investigated. Furthermore, the effect of a thin layer of

Mo-AM-2-1



dielectric coating on top of metallic antenna structures is characterised. In both
cases, conclusions on how to improve the local field enhancement and thus the
tunneling current are drawn. A narrower gap-size leads to improved
enhancement for bow-tie antennas, and thin coatings can increase or reduce the
tunneling current, depending of their thickness.

11:45 Terahertz-induced Electron Emission From Thin Films Mo-AM-2-3
Mate;j Sebekl; Tobias Olaf Buchmannz; Jie Ji® ; Yinqiu Zhou? ; Abhay
Shivayogimath3; Peter B¢ggild3; Simon Jappe Langez; Peter Uhd J epsen2

1343 @Brsted PL., Lyngby; 2343 @rsted PL.; 3309 Fysikve;j

We use a strong THz field to induce electron emission from graphene
monolayer and an ultrathin gold film. We analyze different emission pathways
of the electrons and show an interplay between hot-electron emission and field
emission.

11:00 - 12:00 Biosensors Cartier 11
Chairperson(s): Jiro Hirokawa,

Sensitive Biosensor Chip Based On Metamaterials And Microcavity Used

11:00 To Detecting Living Cells

Mo-AM-3-1

Kanglong Chen'; Xiaofang Zhao?; Lulu Han'; Jun Yangz; Cunjun Ruan’
No. 37 Xueyuan Road, Haidian District, Beijing; 249 North Garden

Rd.,Haidian District, Beijing; 3Professor Cunjun Ruan, Beihang UniversityNo.
37 Xu, Beijing

A biosensor chip consisting of metamaterial and microcavity has been designed
to detect live cells. Detecting living cells can help reveal biological significance
and ensure accurate discrimination. Pure culture medium, normal nerve cells
solution, glioblastoma cells solution, and nerve cells (50%) and glioblastoma
cells (50%) mixed solution are selected as analytes, and all the cell
concentrations of solutions are 1A-105 cells/mL. The frequency shift of nerve
cells solution, glioblastoma cells solution, and mixed cells solution is 20 GHz,
50 GHz, and 70 GHz according to the reference axis of pure culture medium
resonance frequency. We have analyzed the measurement results, and the
results follow the theory. These cell solutions have been successfully
distinguished, and this biosensor paves the way for living cell detection.
Selective Biodetection Platform For Melanoma Diagnosis Using
Functionalized THz Metamaterials

Merle Richterl; Yannik Lothl; Anna Katharina Wiggerl; Nicole Rachingerz;

Daniela Nordhoff'; Daniel Stock'; Anja Katrin Bosserhoff?; Peter Haring
1

11:15 Mo-AM-3-2

Bolivar

"Hoelderlinstrasse 3, Siegen; ZFahrstrasse 17

In this contribution, we propose a promising diagnostic tool for melanoma
diagnosis. It was capable of selective and sensitive detection of the early
growth response protein 2 (EGR2), a transcription factor with an increased
activity in melanoma cells, from a complex sample of nucleus proteins with the
presented THz biosensor. The sensor fundamentally belongs to the frequency
selective surface type metamaterials and consists of an array of asymmetrically,
doubly split ring resonator unit cells. The single elements are slits in a metallic



layer and are complemented by an undercut etch. This allows a selective
functionalization of the active area of the sensor and increases the sensitivity
towards the target analyte. On one sensor chip, multiple query fields containing
the metamaterial array are located, thereby enabling internal referencing and
multiple analyses to take place in one measurement sequence.
Breathalyzer-based Prompt Coronavirus Screening Test Using Terahertz
11:30 Spectroscopy Of Viruses In LC-Resonant Metamaterial Nano-Antenna Mo-AM-3-3
Array

Rudrarup Senguptal; Heena Khand?; Gabby Sarusi’
"Marcus Family Campus Ben-Gurion University of the Negev P.O.B. 653,

Beer-Sheva; “Marcus Family Campus P.O.B 653

We propose a tested, sensitive and prompt COVID-19 breath-screening method
that takes less than one-minute. The non-biological method is based on
detection of shift in terahertz resonance frequency of a nano-engineered LC-
resonant metamaterial chip, caused by viruses and related exhaled particles.
The chip is enclosed in breathalyzer-like enclosure, which is shown to optically
suppress Fabry-PA©rot, for the first time. Low scale clinical trials were
conducted with asymptomatic, symptomatic coronavirus-patients and healthy
individuals, where coronavirus-positive are effectively screened with 87%
accuracy, from healthy individuals.

Terahertz Ultrasensitive Biosensor Based On Wide-area And Intense

11:45 Light-matter Interaction Supported By QBIC Mo-AM-3-4

Yan Pengl; Binwei Liu%; Wu Xu?; Yiming Zhu; Songlin Zhuang3
1Jungong Rd. 516, Shanghai; 2Jungong Rd. 516, Yangpu Direct, Shanghai;

3Jungong Rd. 516, Yangpu Direct

A quasi-bound state in the continuum (QBIC) has unique attraction in optical
switch, nonlinearity, communication, and sensing due to its ultrahigh radiation
quality (Q) factor. The QBIC observed in metasurfaces also provides a feasible
platform to achieve in-plane strong light-matter interaction, as well as to
develop ultrasensitive biosensor. However, the existing metasurface designs are
difficult to realize highly efficient excitation and high-performance sensing of
QBIC in terahertz (THz) band. Here, we manipulate the interference coupling
between electric quadrupole and magnetic dipole by introducing an asymmetry
AffZAf,A A+ into the metallic metasurface structure, which excites ultrahigh
quality QBIC resonance with Q factor of up to 503. Correspondingly, light field
energy constrained by the metasurface and effective sensing area achieved
enormous increases of about 400% and 1300%, respectively, which greatly
expands the spatial extent and intensity of light-matter interaction. Simulations
and experiments show that the proposed QBIC metasurface deliver a high
refractive index sensitivity reaching 420 GHz/RIU, where RIU is the refractive
index unit, and its direct limit of detection (LoD) for trace homocysteine (Hcy)
molecules is 12.5 pmol/AffZAf,A AYL. Its performance is about 40-times
better than that of the classical Dipole mode.

International

11:00 - 12:00 Metrology I I

Chairperson(s): Peter Uhd Jepsen,

In-fab Assessment Of Heat Budget In 3D NAND Flash Devices Using



11:00

11:30

11:45

Terahertz Wave-based Metrology System Mo-AM-4-1

Inkeun Baek; Sungyoon Ryu; Ikseon Jeon; Yoonkyung Jang; Suhwan Park;
Eun Hyuk Choi; Wontae Kim; Martin Priwisch; Taejoong Kim; Myungjun Lee;
Yusin Yang

1-1, Samsungjeonja-ro, Hwaseong-si

In this study, we introduce a non-destructive method for evaluating the heat
budget in 3D NAND flash memory devices, utilizing an in-fab terahertz wave-
based metrology system. Our approach enables the monitoring of electrical
property variations in the devices, resulting from hydrogen concentration
changes due to heat-related semiconductor fabrication processes. In this work,
we demonstrate a robust correlation (R2=0.99) between hydrogen
concentrations in thick SiO2 layer and transmitted THz signals in 3D NAND
structures. This finding highlights the promise of in-fab THz-based
measurement tools for examining dopant variation within high carrier density
regions of transistors during the manufacturing process.

Reference Materials For THz Spectroscopy Mo-AM-4-2
Mira Naftaly

National Physical Laboratory, Hampton Road

Reference materials are an essential tool for testing the performance of THz
spectroscopy instruments. There is insufficient information regarding suitable
materials. Candidate materials are investigated and data presented.

Single-shot Ultrafast Terahertz Imaging Mo-AM-4-3

Junliang Dongl; Pei Youz; Alessandro Tomasinoz; Aycan Yurtseverz; Roberto
Morandotti’

11650 Boul. Lionel Boulet, Varennes; 21650 Boul. Lionel Boulet

In this work, we demonstrate a single-shot ultrafast terahertz imaging system
that can capture multiple frames of a complex ultrafast scene in non-transparent
media with sub-picosecond temporal resolutions. By multiplexing an optical
probe beam in the time and spatial-frequency domains simultaneously, we
encode the terahertz-captured spatiotemporal dynamics into distinct spatial-
frequency regions of a superimposed image, which is then computationally
decoded and reconstructed. Our technique provides a new diagnostic tool for
the investigation of non-repeatable or destructive ultrafast phenomena that
occur in optically-opaque scenarios.

11:00 - 12:00 Novel Imaging Techniques I };‘temat“’“a'
Chairperson(s): Hartmut Roskos,
11:00 Nonparaxial Imaging Using Terahertz Structured Light Mo-AM-5-1

Gintaras Valusisl; Rusne Ivaskeviéiﬁté-Povilauskiené1; Paulius Kizeviéiusl;

Ernestas Naciusl; Domas Jokubauskisl; Kestutis Ikamasl; Alvydas Lisauskasl;

leva Matulaitiene'; Karolis Mundrysl; Sergey Orlov!; Linas Minkevicius?

ISaulétekio ave. 3, Vilnius; 2Saulétekio ave. 3

It is shown that structured nonparaxial terahertz (THz) light in the form of
Gaussian, Bessel, and Airy beams can be generated using exclusively silicon
diffractive optics elements fabricated by femtosecond laser ablation technology.
The accelerating nature of the structured light is demonstrated via THz imaging



11:30

11:45

of objects partially obscured by a metallic obstacle. Lensless nonparaxial beam
generation and application in THz imaging of single objects and stacked
graphene layers are presented and discussed. Benchmarking revealed that the
use of structured THz light in imaging consistently outperforms the
conventional one in terms of resolution and contrast

Multi-Modal Image Acquisition For Al-based Bulky Waste Sorting (incl.
Terahertz Synthetic Aperture Radar)

Dovilé (Vjibiraité-Lukenskienél; Dominik Gundackerl; Friedrich Schll'jterz;
Jochen Aderholdz; Manuel Bihler3; Michael Heizmann3; Lukas Roming4;
Robin Gruna4; Joachim J onuscheitl; Fabian Friederich!

Mo-AM-5-2

'Eraunhofer-Platz 1, Kaiserslautern; ZBienroder Weg 54E, Brunswick;

3HertzstraBe 16, Karlsruhe; *FraunhoferstraBe 1, Karlsruhe

This work presents the results of the initial acquisition of a multi-modal dataset
that will be utilized to train and test a neural network for wood sorting. The aim
of the project is to improve wood recycling from bulky waste by using four
complementary sensing systems: visual, infrared, terahertz, and thermography.
The four systems were combined to capture 57 multi-modal images of bulky
waste samples moving on the conveyor belt at a speed of 10 cm/s. The images
are labeled and provided to a semi-supervised multispectral neural network as
teaching and testing material aiming to reach at least 50 % accuracy of wood
detection from all wood content in bulky waste.

A Multi-Channel Terahertz Tomography Setup Mo-AM-5-3
Karl Henrik May; Andreas Keil; Fabian Friederich; Georg von Freymann
Fraunhofer-Platz 1, Kaiserslautern

Terahertz tomography allows for reliable non-destructive 3D inspection of
plastic components at high resolution. The tomographic inspection from
different projection angles avoids failure to detect details, which, in the case of
one-sided inspection, would be obstructed by other features. The price to pay
for this detailed imaging is long acquisition times for the tomographic data. To
speed up the process of tomography imaging in the terahertz range, we
demonstrate a setup for acquiring tomographic data utilizing an eight-channel
array. This potentially allows for an increase in measurement speed by a factor
of eight.

13:30 - 15:30 Laser Sources & Detectors I Symposia
Theatre
Chairperson(s): Robert Boyd,
13:30 Quantum Sensing In The Terahertz Frequency Range Mo-PM1-1-1

Mirco Kutas; Bjorn Haase; Jens Klier; Georg von Freymann; Daniel Molter
Fraunhofer-Platz 1, Kaiserslautern

Although terahertz radiation has moved into the focus of technical applications,
e.g. layer-thickness measurement, the generation and detection of radiation in
this spectral range remains challenging as detectors are either cooled or
expensive due to the laser systems they are based on. Thus, the generation and
detection of terahertz radiation continues to be of great scientific interest. A
novel quantum-optical concept offers the possibility to detect only visible light
containing the measurement information gained in a different wavelength
range. This represents an extremely attractive alternative for the terahertz



14:00

14:15

14:30

frequency range, since generation can be done with visible continuous-wave
lasers while detection can be achieved with sophisticated and low-cost silicon-
based detectors. We report on first demonstrations of this measurement
technique in the terahertz frequency range.

Research On 1THz Carbon-based Backward Wave Oscillator

Fan Dengl; Wenxin Liu2; Jianliang VVang2

1Beijing, China, Beijing, China, Beijing, China; 2Beijing, China, Beijing,
China, Beijing

This article introduces the research of 1THz carbon-based backward wave
oscillator, which uses single-beam staggered double-grating as the high-
frequency structure and graphene coating to increase the output power.
According to PIC simulation, using a circular electron beam with a voltage of
25kV and a current of 15mA, the output power is 451mW and the oscillation
frequency is 1014GHz without graphene. The output power is 1026mW and the
oscillation frequency is 1013GHz after adding graphene. The output power is
more than doubled without much change in the oscillation frequency. These
results show that carbon-based materials have broad application prospects in
the field of terahertz radiation sources

Noncollinear Parametric Detection Of Broadband Terahertz Pulses

Sota Minel; Gabriel Gandubertz; Léo Guiramandz; Xavier Ropagnolz; Kosuke
Murate3; Francois Blanchard?
11100 rue Notre-Dame ouest, Montreal; 21100 rue N otre-Dame ouest,

Montreal; 3Furocho, Chikusa, Nagoya, 4648603, Nagoya

We present a new method for broadband terahertz (THz) pulse detection by
parametric process in a non-collinear phase matching geometry using a lithium
niobate (LN) crystal. Counterintuitively, our results show the ability to spatially
separate the broadband up-converted signal with a resolution of a few GHz.
This striking result will have a significant impact for advanced sensing of THz
light detection, whether for single-shot spectroscopy or for ultrafast
information transmission in this frequency range.

Sensitive Detection Of Terahertz Pulses Via Parametrically Upconverted
Near-infrared Photons

Défi Junior Jubgang Fandio; Aswin Vishnuradhan; Eeswar Kumar Yalavarthi;
Wei Cui; Nicolas Couture; Angela Gamouras; Jean-Michel Ménard
Department of Physics, 25 Templeton St, Ottawa

We combine electro-optic sampling with single-photon counting technology to
resolve weak terahertz (THz) radiation. A gallium-phosphide (GaP) crystal is
used as the nonlinear medium for the parametric frequency conversion of
broadband terahertz radiation to near-infrared (NIR) photons. The upconverted
photons are measured using a monochromator combined with a single-photon
counting module (SPCM). Results show good agreement of the measured
upconverted photons with the theory of sum-frequency mixing [1]. We also
demonstrate that our detection technique is 180 times faster than standard
electro-optic sampling and can access selected spectral components of the THz
field with a resolution of 170 GHz. At 2.5 THz, results show a minimum
detectable THz pulse energy of 2E-20 J, which corresponds to 3 photons/pulse.
This THz detection technique based on a SPCM holds a strong potential for
high-speed wireless THz communication systems as well as quantum sensing
[2,3].

Mo-PM1-1-2

Mo-PM1-1-3

Mo-PM1-1-4



14:45 Terahertz Parametric Generation By Collinear Injection Seeding Mo-PM1-1-5

Sota Mine; Naoya Yamamoto; Kodo Kawase; Kosuke Murate

Furo-cho, Chikusa-ku, Nagoya

In the conventional injection-seeded terahertz (THz) parametric generator (is-
TPG), THz-waves are generated by injecting pump and seed beam into a
nonlinear optical crystal at a phase matching angle. In this study, we
demonstrated is-TPG with collinear injection of pump and seed beam for the
first time by utilizing parametric amplification of Cherenkov phase-matched
THz-wave as a seed beam.

Tunable Backward THz-Wave Parametric Oscillator Centered At A High
Frequency Of 0.870 THz

Joselito Mulderal; Kouji Nawataz; Yuma Takida3; Deepika Yadav4; Hiroaki
Minamide’

1519-1399 Aramaki-aza Aoba, Aoba-ku, Sendai; 235-1 Kasumi-cho, Yagiyama
Taihaku-ku, Sendai; 3519-1399 Aramaki-Aoba, Sendai City; 4RIKEN, 519-

1399 Aramaki-aza Aoba; 3519-1399 Aramaki-Aoba, Sendai
We present the first demonstration of a "high frequency" backward THz-wave
parametric oscillator designed for a center frequency of 0.870 THz by quasi-
collinear phase matching in a slant-stripe-type periodically poled lithium
niobate crystal when pumped with sub-nanosecond pulsed source of A =
1064 .44 nm. Along with the THz wave, an idler wave appears simultaneously
with A = 1067.75 nm. We also show that the oscillation frequency is tunable by
a simple crystal rotation, spanning the range of 0.836-0.905 THz based on the
change in the spectral line separation between the pump and idler beams. The
threshold pump energy for BW-TPO was determined to be 12.4 mJ, equivalent
to a pump intensity of 7.24 GW/cm”2 while obtaining a conversion efficiency
as high as 8.39% at a pump energy (intensity) of 15.5 mJ (9.05 GW/cm”2).
15:15 Pulse Train Terahertz Wave Parametric Generation Mo-PM1-1-7

Kosuke Muratel; Sota Minel; Toshiki Kinoshital; Shin'ichiro Hayashi2 ; Kodo
1

15:00 Mo-PM1-1-6

Kawase

1Furocho, Chikusa, Nagoya; 24-2-1 , Nukui-Kitamachi, Koganei

We generated terahertz (THz) pulse trains to enhance the average power of
THz parametric generator. It was realized by dividing the pump beam into
multiple pulses in an external cavity with amplifier and generating the THz
wave. We confirmed pulse train generation of more than 20 pulses for the pump
beam and observed an increase in THz wave output, suggesting that this
method could potentially increase the average power.

13:30 - 15:30 High Field THz Generation I Cartier I
Chairperson(s): Koichiro Tanaka,

13:30 Laser-driven Terahertz Pulses: From GV/m To TV/m Field Strengths Mo-PM1-2-1
Bergé Luc
CEA, DAM, DIF, Arpajon
Laser-driven terahertz (THz) pulses are popular because of their numerous
applications, e.g., in security screening, medical imaging, time-domain
spectroscopy and remote detection. At non-relativistic intensity, two-color



14:00

14:15

14:30

optical pulses can create air plasmas that supply suitable emitters free of any
damage, which are nowadays employed for an efficient molecular
spectroscopy. Electrons are tunnel ionized by the asymmetric light field and the
resulting photocurrent generates an ultrabroadband terahertz radiation with
field strength > 0.1 GV/m. At relativistic intensities, plasma waves trigger
strong longitudinal fields used in laser wakefield particle acceleration. THz
field strengths approaching the TV/m level can then be delivered by immersing
the plasma in strong external magnetic fields. This talk will review the different
physical mechanisms involved in terahertz emissions by laser-gas interactions
at various intensities. Recent results on air-plasma-based THz spectroscopy of
solid materials will be presented in the context of the project ALTESSE. The
last part of the talk will discuss new perspectives in the production of ultra-
intense terahertz pulses from relativistic plasmas.

Laser-induced Gas Breakdown By A Train Of Femtosecond long-wave
Infrared FEL Pulses

Ryoichi Hajimal; Keigo Kawase'; James K. Kogal; Heishun Zen?; Hideaki
Ohgaki?

1'Umemidai 8-1 -7, Kizugawa,; 2Gokasho , Uji

We observed the laser-induced breakdown of gases by a train of femtosecond
long-wave infrared pulses generated from KU-FEL, the FEL oscillator at Kyoto
University. We performed laser-induced breakdown experiments with different
gas molecules and pressures and conducted simulations of cascade ionization.
From the experimental and simulation results, we found that the breakdown
was induced by cumulative cascade ionization by a train of FEL pulses.
Generation Of Naturally Down-Chirped Few-Cycle Pulse From Free-
Electron Laser Oscillator And Its Pulse Compression

Heishun Zen'; Hideaki Ohgakil; Ryoichi Hajima2

1Gokasho, Uiji; 28.1-7 Umemi-dai, Kizugawa

A Free Electron Laser (FEL) oscillator operating in the superradiance regime
generates naturally down-chirped pulses with a few-cycle pulse duration. In the
Kyoto University FEL facility, we observed naturally down-chirped 4.2 cycle
FEL pulses with ringing sub-pulse structures at the wavelength of 10.7 ym. We
performed 1st trial to compress the down-chirped pulse by inserting a thick
germanium rod that has positive group velocity dispersion. As a result, the FEL
pulse with a peak wavelength of 8.7 ym having a 5.0-cycle pulse duration (146
fs) was compressed down to a 3.7-cycle pulse duration (106 fs). It was also
found that spectral broadening took place in the germanium rod and the FEL
spectral width was broadened from 4 to 7.7 THz.

Shot-to-Shot Detection Of The Carrier Envelope Phase Evolution In A
THz FEL

J. Michael Klopf; Igor Ilyakov; Alexey Ponomaryov; Alexej Pashkin; Jan-
Christoph Deinert; Thales V. A. G. de Oliveira; Pavel Evtushenko; Manfred
Helm; Stephan Winnerl; Sergey Kovalev

Bautzner LandstraB3e 400, Dresden

The free-electron laser (FEL) is an ideal source of high-power coherent THz
radiation for many applications. The FEL provides continuously tunable THz
radiation, typically in ultrashort transform limited pulses with very high peak
power. One limitation though is that the carrier envelope phase (CEP) of the
FEL pulses is not fixed, making measurements of coherent THz-driven

Mo-PM1-2-2

Mo-PM1-2-3

Mo-PM1-2-4



processes extremely difficult, if not impossible. We present here, a novel
technique that enables shot-to-shot measurement of the CEP of every FEL
pulse up to very high repetition rates. This powerful technique enables phase-
resolved measurements of the FEL pulses, which opens the door for the study
of coherent THz-driven phenomena as well as the advanced FEL diagnostics
needed in the pursuit of CEP stable operation of an FEL.
14:45 Characterization Of High Energy THz Sources With Proton Radiography Mo-PM1-2-5

Gerrit Bruhaugl; Hans Rinderknechtl; Mingsheng Weil; Yiwen E2; Kareem
Garriga®; Xi-Cheng Zhang?; Gilbert Collins'; J. R. Rygg!

1250 East River Road, Rochester; 2500 J oseph C. Wilson Blvd., Rochester

10 to 100's of mJ scale THz sources generated by laser-solid interactions with
50-500 J, psec class lasers are very difficult to characterize due to the low
repetition rate of the laser, high background radiation, harsh EMP environment,
and limited detector options. Here we outline preliminary results of a new
technique to directly measure the electric field of 100's of mJ scale THz pulses
using the well-known technique of laser driven proton radiography. Initial
results indicate GV/m fields, which are in line with the large THz pulse
energies detected by THz pyrometers.

Repetition Rate Dependence Of High-Power THz Generation In The
Tilted-Pulse Front Geometry In Lithium Niobate

Celia Millonl; Samira Mansourzadehl; Tim Vogelz; Clara Saraceno?®

MWniversitit stra3e, 150, Bochum; 2Universitit stral3e, 150
One area of current interest is to reach higher THz average powers by making
use of latest Yb-doped ultrafast laser technology, potentially bringing THz
applications previously restricted to accelerator facilities to the laboratory. We
present experimental evidence of repetition-rate dependent thermal effects that
limit THz generation efficiency in the tilted-pulse front geometry in lithium
niobate excited at high average power (>100 W) and high repetition rate (> 1
MHz). Our data shows a clear reduction in the achievable efficiency when
increasing the repetition rate.
Ultra-broadband Terahertz Radiation By Supercontinuum Generation
15:15 And Optical Rectification In A Dispersion-engineered Waveguide: A Mo-PM1-2-7
Numerical Study
Aleksei Gaier; Ileana-Cristina Benea-Chelmus
Hybrid photonic laboratory, EPFL, Switzerland, Lausanne
In this work, we propose a numerical approach based on forward coupled mode
modeling to simultaneously evaluate second- and third-order nonlinearities
inside a dispersion-engineered waveguide towards the goal of generating
broadband terahertz (THz) radiation by optical rectification (OR). While the
model can be applied to various material platforms, we showcase it for the case
of lithium niobate rib waveguides. By adequately choosing the waveguide
parameters, and thereby its group velocity dispersion, we demonstrate
numerically that it possible to generate the THz radiation in the 0.1-30 THz
frequency range even at input pulse lengths of 160 fs, benefitting from intra-
waveguide spectral broadening. We analyze the magnitude, spectral content,
and phase of the THz emission in both farfield (in a silicon substrate) and
nearfield.
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13:30 Band Transport By Large Frohlich Polarons In MXenes Mo-PM1-3-1

Wenhao Zheng; Hai Wang; Mischa Bonn
Ackermannweg 10, Mainz
MXenes are promising materials for electrochemical energy storage and (opto-
)electronic applications, but the debate on their charge transport mechanisms
has remained unresolved. While theoretical studies suggest band transport,
device measurements reveal hopping-type transport. Our study combines
ultrafast terahertz and static electrical transport measurements to provide a
unified understanding of charge transport in two model MXenes. We find that
short-range intra-flake transport is dominated by band-like behavior, while
long-range inter-flake transport occurs through hopping and limits charge
percolation. We also identify the dominant carrier scattering mechanism as
scattering from longitudinal optical phonons, with a small coupling constant,
indicating the formation of large polarons. Our findings shed light on the
polaronic nature of charges in MXenes and provide insights into their transport
mechanisms for both fundamental studies and applications.

14:00 Probing The Photoionization Of Liquid Water With Broadband Terahertz Mo-PM1-3-2

Fabio Novellil; Kaixuan Chen2; Adrian Buchmannl; Thorsten Ockelmannl;
Claudius Hobergl; Teresa Head—Gordonz; Martina Havenith!

"Universitaetstr. 150, Bochum; 2Berkeley, California 94720, USA

The photolysis of liquid water is fundamental in many physical, chemical, and
biological processes. We performed pump-probe experiments with ionizing
optical pump pulses at 400 nm, while probing the photo-induced changes with
broadband terahertz (THz) radiation (1-7 THz). We found three distinct
transient signals in the THz range: a fast (<200 fs) and broadband response
associated to the delocalized photo-generated electrons; a slow response (~150
ps) at low frequency (<2 THz) associated to the rearrangement of the water
network subsequent to charge-separation; and a long-lasting signature (>250
ps) centered at 3 THz that reveals the hydration of the localized, solvated
electrons.

Interface Potential Estimation On VO2/Si Heterojunction By Terahertz

14:15 Emission Spectroscopy With Temperature Variation

Mo-PM1-3-3

Dongxun Yangl; Fumikazu Murakamil; Shingo Genchiz; Hidekazu Tanakaz;
Masayoshi Tonouchi'

12-6 Yamadaoka,Suita,Osaka; 28-1 Mihogaoka, Ibaraki, Osaka
Terahertz emission spectroscopy has shown a lot of advantages in estimating
the electric properties of semiconductor devices. In this research, we aim to
observe the dynamic interface potential variation from VO2/Si heterojunction
across the phase transition temperature by terahertz emission spectroscopy and
attempt to evaluate the work function of VO2 film in different phase
conditions.
14:30 Terahertz Emission Spectroscopy On Eu-doped GaN Superlattice LEDs  Mo-PM1-3-4

Fumikazu Murakamil; Atsushi Takeoz; Brandon Mitchell3; Volkmar Dierolf* ;

Yasufumi Fujiwaraz; Masayoshi Tonouchi'
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2.6 Yamada-oka, Suita; 2.1 Yamada-oka, Suita; 3700 S High St, West

Chester; 427 Memorial Dr W, Bethlehem

Eu-doped gallium nitride (GaN) is a promising candidate for GaN-based red
light-emitting diodes (LEDs). By utilizing a multilayer structure (MLS) of
alternating undoped and Eu-doped GaN as the active layer, the device
performance of Eu-doped GaN LEDs was significantly enhanced. However, the
mechanism of this improvement has not yet been understood. To better
understand the enhanced device performance, we evaluated the carrier
dynamics in the structures using terahertz (THz) emission spectroscopy. Our
results suggest that the carrier mobility in the MLS is lower than in bulk Eu-
doped GaN. Furthermore, the excitation photon energy dependence of the THz
emission revealed that the Eu-doped layer had a smaller bandgap than the
undoped GaN layer, resulting in the potential barriers within the MLS samples.
We attributed the improvement in LED performance to improved electron
capturing within the active regions in MLS.

Terahertz Emission Enhancement Of Gallium-Arsenide-Based
Photoconductive Antennas With AAQO-Patterned Gold Nanoparticles

Regine Loberternosl; Hannah Bardolazal; Neil Irvin Cabellol; Hideaki

Mo-PM1-3-5

Kitaharaz; John Paul Ferrolinol; Ivan Cedrick Veronal; Lourdes Nicole Dela
Rosal; Vince Paul Juguilonl; Alexander De Los Reyesl; Arnel Salvadorl;
Armando Somintacl; Masahiko Taniz; Elmer Estacio’

INational Institute of Physics, University of the Philippines, Diliman, Quezon
City; 23-9-1 Bunkyo, Fukui-shi

We report on the enhancement of the terahertz (THz) emission characteristics
of GaAs-based photoconductive antennas (PCAs) upon integration of AAO-
patterned gold nanoparticles on the photoconducting antenna gap. The THz
emission of the PCAs with gold nanoparticles was observed to increase up to
5.5 times compared to a reference PCA THz emitter. We tentatively attribute
these enhancements to the gold nanoparticles becoming resonant with the
optical excitation pulse that resulted to the collective oscillation of the electrons
and the generation of surface plasmons. The results demonstrate a cost-
effective and feasible method of utilizing nanostructures to improve PCA

performance.
Enhancement Of Terahertz Emission In Gallium Telluride Under Pressure Mo-PM1-3-6

Kai Zhangl; Fuhai Su’; Tianwu Wang3
IB7 of Technology Enterprise Accelerator, No.11 of Kaiyuan Avenue, Huangpu
District,Guangzhou City, Guagnzhou; 2350 Shushanhu Road Hefei 23003 1,

Anhui, Hefei; 3Huangpu District, Guangzhou City, B7 of Technology
Enterprise Accelerator, No.11 of Kaiyuan Avenue, Guangzhou

Transient terahertz responses and terahertz emission performances for the GaTe
under pressure are examined by time-resolved terahertz spectroscopy. The
terahertz emission strength rockets with increasing pressure whereas rapidly
declines above 10 GPa, implying the insulator-metal transition. Decay time of
the pumped hot carriers also shows incontinuity at the corresponding pressure.
Our work not only proposes a novel routine to improve the terahertz emission
efficiency but also provides important information for understandings the
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emission mechanism in GaTe.

Second Harmonic And Hyper-Rayleigh Generation Of (111) Silicon Wafer Mo-PM1-3-7
Laetitia Dalstein; Marc Tondusson; Jerome Degert; Eric Freysz

351 cours de la liberation, Talence

Ultrafast time-resolved THz-induced SHG, also named hyper-Rayleigh
generation, is performed at the surface of a (111) silicon wafer upon its
excitation by a 50 fs IR optical pulse. The evolution of the SHG spectrum is
recorded delaying in time the optical pulse with respect to the THz pulse. Upon
excitation, we record a broad Stokes and anti-Stokes bands centered around the
Si lattice phonon at ~610 cm-1. The spectral evolution of the SHG signal
versus the delay between optical and THz pulses makes it possible to evidence
the interference between volume and surface contributions as well as the
ultrafast evolution of the hyper-Rayleigh susceptibility upon hot carrier
generation.
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Phase Tuning Technique To Enhance The Output Power Of Sheet Beam
Folded Waveguide Traveling Wave Tube

Yuan Zhengl; Yuxin Wangz; Shaomeng Wang3; Ping Zhang3; Shengpeng
Yang3; Yubin Gong1

1Qingshuihe Campus:No.2006, Xiyuan Ave, West Hi-Tech Zone, Chengdu;
2Qingshuihc—‘: Campus:No.2006, Xiyuan Ave, West Hi-Tec, Chengdu;

3Qingshuihe Campus:No.2006, Xiyuan Ave, West Hi-Tec

A sheet beam folded waveguide (FWGQG) slow-wave structure (SWS) circuit for
the compact E-band traveling wave tube amplifier (TWTA) is proposed. The
structure is compatible with sheet electron beams and is predicted to produce
high output power with reduced beam current density. Adding a phase shifter
structure into the high-frequency circuit will turn the relative phase between the
electron beam and electromagnetic (EM) wave, thus resetting the spent
electrons into the deaccelerating region. Based on this phenomenon, a novel
phase-tuning technique breaking through the saturation limitation and
extracting more energy from the spent beam has been presented in this paper.
PIC simulations were performed to validate the phase-tuning approach and
determine the optimized phase-shifting value and position. There is 42 W of
extra power extracted from the circuit equipped with this technique, and the
peak output power of demonstrated SB-FWG TWT increased to 160 W from
118 W.

Grating-Groove-Ladder Slow Wave Structure For W-band Traveling
Wave Tube

Jingrui Duan'; Zhigang Lu'; Zhanliang Wangz; Shaomeng Wangz; Huarong
School?; Yubin Gong2

No. 819 Xisai Mountain Road, Huzhou; 2Xiyuan Avenue No. 2006, Chengdu
In this paper, a novel slow wave structure (SWS) named grating-groove-ladder
(GGL) SWS, is presented to expand the bandwidth of the conventional ladder

Mo-PM1-4-1

Mo-PM1-4-2



(CL) SWS. The transmission path of GGL-SWS could be modulated by
alternately changing the gratings height on the cover plates. High-frequency
results indicate that GGL-SWS exhibits a wider bandwidth, improved
dispersion charactersitics. Meanwhile, GGL-SWS shows excellent interaction
impedance and ohmic losses. Furthermore, the transmission characteristic of
GGL in W-band was verified by the experiment.

Additive Fabrication For Upper-Millimeter-Wave Traveling Wave Tube
Amplifiers

Alan Cook; Colin Joye; Franklin Wood; Benjamin S. Albright; Reginald
Jaynes; Jeffrey Calame

4555 Overlook Ave SW, Washington

We present an overview of additive fabrication methods for upper-millimeter-
wave traveling-wave tube (TWT) amplifier slow-wave circuits, including
ultraviolet lithography and Cu electroforming (UV-LIGA); 3D-printed mold
electroforming (3D-PriME); and direct 3D printing in photopolymer with Cu
plating. We describe example fabrication processes for traveling-wave circuits
spanning the frequency range 94 GHz to 1 THz and present test data.
Universal CUSP-Type Electron Gun For Helical Gyro-TWTs For DNP-
NMR Applications

Max Vbhringerl; Alexander Marekz; Stefan Illyz; Gert Gantenbeinz; Manfred
Thummz; Chuanren Wu2; John Jelonnek?

"Hermann-von- Helmholtz-Platz 1, Eggenstein-Leopoldshafen; ’Hermann-von-
Helmholtz-Platz 1

Gyro-TWTs with helically corrugated interaction region require a high-quality
axis-encircling electron beam. In this work, a theoretical design of a CUSP-
type electron gun for a 263 GHz helical gyro-TWT is presented. The theoretical
design is optimized for an operation with an acceleration voltage of 50 kV, a
beam current of 0.25 A and a pitch factor of AffZAf,A A+=10. At this
operating point, the spread of the pitch factor is as low as 3.5 % (RMS).
Furthermore, the gun is capable to create an electron beam over a wide variety
of pitch factors with different beam currents and acceleration voltages. In
addition to the operation at 263 GHz, the gun can be operated at lower
frequencies, e.g. at 140 GHz and at 94 GHz.

Novel Split-well Resonant-phonon Terahertz Quantum Cascade Laser
Supporting Clean Four-level System.

Asaf Albol; Nathalie Lander Gowerl; Shiran Levyz; Silvia Pipernoz;
Sadhvikas J. Addamane3; John L. Reno’

'Bar-Tlan University Ramat Gan , 5290002 , Israel, Bar-Ilan University Ramat
Gan , 5290002 , Israel, Ramat Gan; *Bar Ilan University, Bar-Ilan University

Ramat Gan , 5290002 , Israel, Ramat Gan; 3New Mexico

We present a novel terahertz quantum cascade laser (THz QCL) scheme
supporting a clean four-level system, 'four' being the number of the active laser
states, as verified by the negative differential resistance (NDR) observed all the
way up to room temperature.

High-power Density, Single Plasmon, Terahertz Quantum Cascade Lasers
Via Transverse Mode Control

14:00 Mo-PM1-4-3

14:15 Mo-PM1-4-4

14:30 Mo-PM1-4-5

14:45 Mo-PM1-4-6

Chao Songl; Mohammed Salihz; Lianhe Liz; Juliette Mangeneyl; Jerome



Tignonl; Giles Davies2; Edmund Linﬁeldz; Sukhdeep Dhillon!

124 rue Lhomond, Paris; 2Univelrsity of Leeds

Terahertz (THz) quantum cascade lasers (QCLs) have been shown to emit peak
powers greater than 1 W from a single facet in a single plasmon geometry.
However, this is typically achieved by increasing the laser ridge width,
resulting in higher-order transverse modes, limiting the achievable power
density. Here we control and fully suppress these modes through thin metallic
side-absorbers, showing laser action solely on the fundamental transverse mode
operation without sacrificing high THz peak powers. This leads to enhanced
power densities and electric fields of up to 1.8 kW/cmA2 and 1.17 kV/cm,
respectively, opening up the possibility of applying THz QCLs as pump
sources for investigations of non-linear THz physical phenomena.

Amplitude Stabilization Of A THz Quantum-Cascade Laser Using A
Photonic Integrated Circuit

Sanchit Kondawarl; Nicholas Northl; Yingjun Hanl; Diego Pardoz; Nick
Brewsterz; Mohammed Salihl; Michael Horburyl; Lianhe Lil; Paul Deanl;
Brian Ellisonl; Iman Kundu3; Alexander Valavanis'

1Woodhouse, Leeds, LS2 9JT; Harwell Oxford, Didcot, OX11 0QX;

SWakefield, WF10 SHW

A method to stabilize the output power of a ~3.3 THz quantum-cascade laser
(QCL) using a photonic integrated circuit is successfully demonstrated. The
device consist of a racetrack resonator (RTR) coupled to a QCL ridge
waveguide. This approach eliminated the need for external THz optical
modulators. Amplitude stabilization was achieved for >300 seconds, without
perturbation to the emission spectrum, by dynamically adjusting the electrical
bias to the RTR, and hence the coupling between the QCL and RTR. This work
could play a vital role in improving the performance of high-resolution
spectroscopic systems useful in satellite integration for detecting gas species in
the atmosphere.

Widely Tunable Room-temperature Quantum-cascade Laser Sources In
The Sub-THz To THz Frequency Range

Kazuue Fujita; Shohei Hayashi; Akio Ito; Masahiro Hitaka; Tatsuo
Dougakiuchi; Atsushi Nakanishi

5000 Hirakuchi Hamakita-ku, 5000 Hirakuchi Hamakita-ku, Hamamatsu

We present versatile low-frequency quantum cascade laser sources that boast
broad tunability by leveraging intra-cavity difference frequency mixing. By
utilizing dual-upper-state active regions, which have been wavefunction-
engineered for optimal performance, these devices exhibit significant
advancements in their capabilities. As a result, they are now capable of
producing terahertz radiation in the sub-THz to THz frequency range. A device
has been observed to operate at a frequency of 231 GHz, which is the lowest
reported operating frequency for room-temperature QCL sources. The
feasibility of continuous-wave operation at room temperature will also be
discussed.
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Utilizing High-Intensity Optical Subcarrier Signal For Conversion Gain Mo-PM1-5-1
Enhancement Of A UTC-PD-Integrated HEMT Photonic Double-Mixer

Tsung-Tse Linl; Dai Nakajimal; Kazuki Nishimural; Mitsuki Watanabel;
Keisuke Kasail; Masato Yoshidal; Tetsuya Suemitsuz; Taiichi Otsujil; Akira
Satou!

1211 Katahira, Aoba-ku, Sendai; 26-6-10 Aramakiaoba, Sendai

We experimentally investigated the effect of high-intensity subcarrier signal

input to the UTC-PD-integrated HEMT photonic double-mixer for optical-to-

wireless carrier frequency down-conversion. The conversion gain linearly

increased with increasing the subcarrier signal intensity from +0.63 dBm to

+6.63 dBm without saturation. As a result, the conversion gain enhancement of

about +6 dB from --51.0 dB to --44.2 dB was achieved.

200 Gbit/s THz Tunneling Demultiplexer In The 300 GHz Band Mo-PM1-5-2

Daniel Headland'; Withawat Withayachumnankulz; Masayuki Fujita3; Tadao
Nagatsuma3; Pascal Szriftgiser4; Guillaume Ducournau®
"Universidad Carlos III de Madrid, Leganés; 2The University of Adelaide;

30Osaka University, Toyonaka; 4cité Scientifique, Villeneuve d'Ascq; > Avenue
Poincaré, Avenue Poincaré, Villeneuve d'Ascq

We showcase here the experimental demonstration of demultiplexing THz
channels with up to 200 Gbit/s aggregated data-rate, using 4 carrier
frequencies. The demonstration is carried out in the 300 GHz band. Best EVM
obtained values are in the range 6-9%, with 50 Gbit/s per channel, enabled by a
recently-reported novel substrateless integrated passive demultiplexer, which
was developed specifically to serve the particular requirements of terahertz
waves.

Coherent THz Wireless Communication Using A Microcomb And
Photonic LO

Brendan Heffernanl; Yuma Kawamotoz; Keisuke Maekawaz; James

Mo-PM1-5-3

Greenbergl; Rubab Aminl; Takashi Hori3; Tatsuya Tanigawa3 ; Tadao
Nagatsumaz; Antoine Rolland’
11551 S. Sunset St., Suite C, Longmont; 213 Machikaneyama, Building D, 3rd

floor, Toyonaka; 3-1 Asahi-machi, Kariya

We present a microcomb-based THz source and use it in a coherent wireless
communications demonstration at 300 GHz carrier frequency. In a homodyne
setup with wireless transfer of both the data and local oscillator, data rates of 60
Gbps are achieved.

Analyzing Performance Limitations Of THz Communication Systems
Under Off-Axis Conditions And Channel Blockage

Xuan-Wei Miaol; Pouya Torkamanz; Fu-Kai Shihz; Po-Cheng Suz; Kai-Ming
Fengz; Shang-Hua Yang2

No.101 , Section 2, Kuang-Fu Road, Hsinchu; 2No.lOl, Section 2, Kuang-Fu
Road, Hsinchu, Taiwan
This study investigates the channel conditions of a robust terahertz

Mo-PM1-5-4
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communication system that employs radio over fiber at 150 GHz. The received
signals with a bandwidth of up to 3 GBaud and a wireless distance of 3 meters
are analyzed under different experimental conditions. The system is tested in
various scenarios, with a specific focus on line-of-sight transmission,
misalignment experiments, and penetration experiments that simulate actual
communication environments. The signal-to-noise ratio and bit-error rate of the
received signals are evaluated to analyze the performance of the terahertz
wireless communication system. A path loss model of blockage with metal is
proposed in this study. The results of this study have significant implications
for the advancement and enhancement of the broadband terahertz wireless
communication system. Additionally, the study provides a framework for
estimating the terahertz communication model.

Multiband OFDM-Based THz Wireless Communication System Mo-PM1-5-5
PO-CHENG SU; Pouya Torkaman; Xuan-Wei Miao; Fu-Kai Shih; Kai-Ming
Feng; Shang-Hua Yang

No.101, Section 2, Kuang-Fu Road, Hsinchu City

In the proposed system scheme, an overall 6 GHz effective signal bandwidth of
3-band M-QAM OFDM signal with various carrier frequencies (150 - 300
GHz) in a 1-meter wireless link distance by direct detection method is
successfully demonstrated. The maximum 250 GHz wireless carrier frequency
can achieve under the 20% FEC limit in the QPSK modulation format. 8 QAM
and 16 QAM formats can also achieve the FEC limit at the 150 GHz carrier
frequency. This work provides the potential to extend the spectral efficiency
without additional components or cost. Further research could focus on the
inherent impairments of OFDM, such as PAPR, inter-symbol interference, and
inter-channel interference, which haven't been fully explored in a THz wireless
link.

Improved OFDM THz Communication System Performance Through
Noise Suppression And Channel Estimation Via Channel Matrix Pruning Mo-PM1-5-6
Technique

pouya torkaman'; Shang-Hua Yang2 ; Kai-Ming Fengl; Xuan-Wei Miao'; Po-
Cheng Su'; Fu-Kai Shih!
No. 101, Sec. 2, Kuang-Fu Rd., Hsinchu 30013, Taiwan, R.O.C., Hsinchu;

2No. 101, Sec. 2, Kuang-Fu Rd- Hsinchu, Hsinchu

Channel estimation is a crucial factor in ensuring the quality of transmitted data
in wireless THz communication. To evaluate the performance of different
channel estimation techniques, we conducted an experimental transmission of 4
to 64 QAM-OFDM signals using intensity modulation and direct detection
methods over a 4.5 meters wireless link distance. Subsequently, we proposed a
pruning technique that utilizes only 1-block type symbol pilot to improve
channel estimation. Our results demonstrate that using this technique and 1-
block type pilot OFDM symbols leads to better mean square error compared to
utilizing 8- block type pilots when transmitting 64 OFDM data symbols. This
highlights the effectiveness of our proposed pruning technique in improving
channel estimation for wireless THz communication.

140 Gbit/s Wireless Sub-THz Communication Using Ultra-Low Phase

Noise Light Source Mo-PM1-5-7

keisuke maekawal; Takashi Horiz; Weijie Gao3; Toki Yoshioka® ; James

Greenberg4; Brendan Heffernan4; Antoine Rolland4; Tadao Nagatsuma5



1502 1-3 Machikaneyamacho Toyonaka, Osaka, Toyonaka; 2.1 Asahi-machi,
Kariya, Aichi, Japan; 313 Machikaneyamacho Toyonaka; #1551 South Sunset
St, Suite C, Longmont, Colorado; 31-3 Machikaneyama, Toyonaka, Osaka,
Japan

We succeeded in achieving a 140 Gbit/s real-time Sub-THZ wireless system
within the HD-FEC limit. Additionally, we confirmed the impact of phase noise
on the BER using several light sources.
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A 300-GHz Slotline-coupled Double-oscillator Emitter Integrated In 65-nm
CMOS

Marta Ferreras; Jesus Grajal

Avda. Complutense 30, ETSI Telecomunicacion, Madrid

This contribution presents the design and experimental characterization of a
submillimeter-wave source composed of two coupled harmonic oscillators that
emit coherent radiation at around 300 GHz. The unitary oscillators are based on
a self-feeding topology, which incorporates an on-chip slot antenna for second-
harmonic radiation. Both units are injection-locked by each other through their
respective slotline resonators so that, in the desired synchronous state, a
standing wave is sustained across the array with a virtual short circuit at the
connection point. The implemented circuit layout is fully compliant with the
used 65-nm CMOS technology from TSMC. All measured samples oscillate at
approximately 290 GHz, indicating an offset of less than 3.5% from the target
oscillation frequency.

High-Power And High-Efficiency 1.3 THz Transmitter Using Discrete
Schottky Diode Technology

Diego Moro-Melgar; Artur Negrus; Eduard Mueller; Frank Gorski; Ion Opra;
Oleg Cojocari

Josef-Bautz-Str. 15, Hanau

We report the development, manufacture and characterization of a commercial
THz source operating in the 1.23-1.41 THz range. The source is based on the
active multiplication chain (AMC) technology approach including all
commercially available components with a total DC power consumption of 15
W. The reported AMC can provide 400 Af,A, AuW peak RF power and a
typical 200 Af,A,AuW of RF output power. These kinds of sources can be used
for a wide range of application, being the characterization of the 1.2 THz
Heterodyne JUICE-SWI receiver the main purpose of the presented example.
Stabilizing A SiGe BiCMOS Transmitter On A Molecular Absorption Line Mo-PM2-1-3
Alexandra Gliick; Nick Rothbart; Heinz-Wilhelm Hiibers

Rutherfordstral3e 2, Berlin

In many applications, highly stable frequency references are desired which at

the same time take up little volume and consume little power. Transmitters and

receivers in SiGe BiICMOS technology can be realized on chip-scale, working

at in the THz/Millimeter-wave range where many molecules have strong

rotational transitions. We stabilized a SiGe BiICMOS transmitter on a rotational

Mo-PM2-1-1
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transition of carbon monoxide, reaching stabilities of <1E-10 at 100 s
integration.

Observation Of Terahertz Vector Beam Generated Directly In ZnTe
Crystal Mo-PM2-1-4

Seigo Ohno'; Hiroaki Iwase?
16-3 Aramaki Aoba, Sendai, Sendai; 26-3 Aramaki Aoba, Sendai

Earlier, we reported a theoretical method for the direct generation of terahertz
(THz) vector beams in nonlinear crystals. In this method, a cylindrical vector
beam is generated by tightly focusing a circularly polarized pump pulse on a
symmetric direction of a nonlinear crystal where THz generation is forbidden.
This time, we chose the [111] direction as the symmetric direction in the ZnTe
crystal and experimentally measured the polarization state of the generated
THz beams using a home-built THz spectroscopic polarization imaging system.
We succeeded to observe a radially polarized vector beam within entire of the
generated spectral region. We consider that such broadband feature of the
generated vector beam is due to the topological nature of the focused pump
beam, where the wavevectors rotate once about the optical axis.

Photonic Terahertz Source Frequency Stabilized To The Part Per Trillion
Level Through Molecular Spectroscopy

James Greenberg; Brendan Heffernan; Antoine Rolland

1551 S Sunset St, Suite C, Longmont

Photonic sources for terahertz (THz) generation demonstrate unrivaled phase
noise. The resulting THz waves can be used for precision spectroscopy of
molecular rotations. Here, we show that a rotational transition of nitrous oxide
(N20) can be used to stabilize the THz frequency of a photonic oscillator to a
few parts per trillion, 5 x 10A(-12), after only 10 seconds of averaging time.
The core of the photonic oscillator utilizes a dissipative Kerr soliton generated
in a micro-ring resonator, and the THz spectrometer is purely built in a
waveguide. With these techniques combined, this demonstration represents a
low-noise, low-drift THz source that is feasibly miniaturized.

High Spectral Purity Solid-state Dual-frequency Laser For The
Generation Of Ultra-low Phase Noise Millimeter-wave To Terahertz CW  Mo-PM2-1-6
Signals

Loic MORVAN! ; José-Javier Fernandez-Pacheco! ; Daniel Dolfi 1 ; Vincent
Crozatierl; Fabien Bretenaker”

Mo-PM2-1-5

11 avenue Augustin Fresnel, Palaiseau; 2Batiment 505, Campus d'Orsay,, Orsay
We present our latest results related to the development of solid-state dual-
frequency lasers for the generation of stable, ultra-low phase noise millimeter-
wave and terahertz signals. After presenting the architecture of such lasers
delivering sub-Hz Lorentzian linewidth signals, and their stabilization setups
based on electro-optical frequency division, we describe the specific setup that
we have assembled to further study the origin of the optical and beatnote phase
noise. It includes a specific laser setup and a custom-made optical phase noise
test bench. Preliminary results are presented, and perspectives are discussed.
Nanowire-based THz Polarimetry Mo-PM2-1-7
Michael Johnston

Clarendon Laboratory, Parks Rd, Oxford



Semiconductor nanowires show extreme polarization selectivity for both
visible and terahertz photons. We are utilising an in-depth knowledge of
ultrafast charge-carrier dynamics in nanowires to develop unique devices for
THz polarimetry. Our photoconductive THz sensors based on a hash-nanowire
architecture are compact and recover the full polarisation state of THz pulses.
These nanowire-based devices are showing promise in areas including
semiconductor characterisation and the development of metamaterials for THz
polarisation manipulation.
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Quantitative Measurement Of The Dispersion Of ?(3) In Silica And Silicon
Nitride In The 1-25 THz Range

Binbin Zhou; Mattias Rasmussen; Siqi Yan; Narwan Kabir Noori; Oliver Nagy;
Yunhong Ding; Simon Jappe Lange; Peter Uhd Jepsen

DTU Electro, Blg. 343, Kongens Lyngby

Nonlinear optics is a highly developed topic in the near-infrared (near-IR)
region. In the THz range, nonlinear effects are well known but have been
studied to a much smaller extent than in the near-IR. Here we demonstrate a
method for the quantitative measurement of the third-order nonlinearity of
materials. The measurements directly reveal the absolute magnitude as well as
the dispersion of the nonlinearity across an extended range up to 1-45 THz.
Refractive Index And Extinction Coefficient Measurement Of Reflective
THZ-FDS Based On SSKK Method For Solid Sample

Yubo Wul; Cunjun Ruanz; Yufeng J iao?

Mo-PM2-2-1

Mo-PM2-2-2

No. 37 Xueyuan Road,Haidian District, Beijing; No. 37 Xueyuan
Road,Haidian District

We study the spectral information of highly resistive silicon samples by
employing terahertz frequency domain reflection spectrometry. The phase shift
owing to the tiny displacement between sample and reference could be
eliminated by a modified single subtraction Kramers-Kronig method. The
refractive index and extinction coefficient of doped silicon range from 0.2THz
to 1.0THz has been obtained.

Using Terahertz Time-domain Spectroscopy To Measure Coating
Thickness On Li-ion Electrodes

Faezeh Zarrin Khatl; Alasdair Pentlandl; Carl Reynoldsz; Emma Kendrick? ;
Philip F. Taday'

I, Enterprise Cambridge Research Park, Cambridge; 2University of

Birmingham, Birmingham

Terahertz sensing is competently used in non-destructive testing such as paint

coating inspection on the car bodies, plastic inspection etc. In this paper, for the

first-time, terahertz spectroscopy is applied to inspect cathodes in battery

manufacturing process. A terahertz signal distribution across a cathode detect a

defect in the cathode coating on the edge of the cathode. Also, the thickness of

two lithium nickel manganese cobalt (NMC) cathodes are measured by a

terahertz sensor and their thickness difference is reported.

Terahertz Resonant Nano-spectrum Of Red Mineral Pigments Mo-PM2-2-4

Mo-PM2-2-3



Xiaoqiuyan Zhangl; Tianyu Zhangz; Zhuocheng Zhangz; Xingxing Xu?; Feng
Xiaoz; Shigao Zhaoz; Min Hu?

1No.2006, Xiyuan Ave, West Hi-Tech Zone, 611731, Chengdu; 2No.2006,
Xiyuan Ave, West Hi-Tech Zone, 611731

Current terahertz spectroscopy is limited by the diffraction limit, hindering its
applications in material and biomedicine. Terahertz near-field nano-spectrum
combines terahertz spectroscopy with scanning near-field optical microscopy to
enable nanometer-scale imaging and spectroscopic studies. However, current
systems have poor signal-to-noise ratios, and near-field responses of samples
are obscured by stronger antenna resonance effects. This study proposes a
probe-effects-free Terahertz Time-Domain Nano-spectrum methodology to
distinguish intrinsic material responses and recognize different matters with
nanometer spatial resolution. The method provides insights into the
spectroscopic properties of various materials at the nanoscale, including
molecular vibration of cinnabar and red lead in ancient fresco pigments.

Dielectric Characterization Of Low-Loss Glasses And Polymers For 6G
Microelectronic Packaging Applications

Min Zhail; Pragna Bhaskarz; Haolian Shil; Madhavan Swaminathanz;
Alexandre Locquetl; David Citrin'

12 Rue Marconi, Metz; 2225 N Ave NW, Atlanta

Asahi EN-AT alkali-free boroaluminosilicate glass as well as Ajinomoto Build-
up Film (ABF) and ADFLEMA laminated on soda-lime float glass substrate,
are characterized using a commercial terahertz time-domain spectroscopy
(THz-TDS) system. The refractive index n(Vv), attenuation coefficient a(v),
permittivity €(v), and loss tangent tand(v) of EN-A1 glass as well as laminated
ABF and ADFLEMA are n(EN-A1)=2.376, o(EN-A1)=31.1 cm-1, €'(EN-
A1)=5.64,tand(EN-A1)=0.062, n(ABF)=1.9, a(ABF)=30 cm-1, ¢'(ABF)=3.8,
tand(ABF)=0.072, and n(ADFLEMA)=2.79, a(ADFLEMA)=10 cm-1,
¢'(ADFLEMA)=7.67, tand(ADFLEMA)=0.017, all at 1 THz. Both EN-A1
glass and laminated ABF and ADFLEMA seems to be low loss materials
within THz frequency regime.

Ultrathin MXene Assemblies Reaching Thin-film Absorption Limit In 0.5-
10 THz

Tao Zhao; Hujie Wan; Tianpeng Ding; Peiyao Xie; Jinlin Xie; Min Hu; Xu
Xiao

No0.2006, Xiyuan Ave, West Hi-Tech Zone, Chengdu

We demonstrate that ultrathin 10.2-nm-thick (~1»/30000) Ti3C2Tx MXene
assemblies can reach the intrinsic thin-film absorption limit (50%) in the
entirety of 0.5-10 THz. Such ultra-broadband absorption limit is attributed to
the high concentration of free electrons (~10221 cmA-3), short relaxation time
(~10 fs), and unique intra- and inter-flakes (hopping) electron transport
properties in Ti3C2Tx MXenes. Besides, we validate that the ultra-broadband
THz absorption should be explained by alternating current impedance theory
using the Drude-Smith model rather than classic direct current impedance
matching. These findings presented here will stimulate more studies in
broadband THz technologies with MXenes and beyond, which also provides an
attractive route for developing compact, supercontinuum terahertz
optoelectronic or photothermoelectric devices.

17:15 Mo-PM2-2-5
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Nonlinear Refractive Index Of Solids At THz Frequency Mo-PM2-2-7

Soheil Zibod'; Ksenia Dolgaleva2
Ias Templeton Street, Room 344, Ottawa; 225 Templeton Street, Ottawa

We report on the nonlinear spectroscopy of crystalline quartz in the terahertz
(THz) region. We observe that with increasing of the THz peak amplitude, the
pulse experiences a larger delay in travelling through the sample. We estimate a
nonlinear refractive index of the order of 10A-13 m2/W, which is several orders
of magnitude larger than the typical values for nonlinear refractive indices of
solids in the visible region. Furthermore, a negative fifth-order susceptibility of
the order of 10A-30 m4/V4' is measured. In the second part, we present a
simple method to model the propagation of a broadband THz pulse in a
nonlinear medium with nonlinear refractive index dispersion using a spectral
solution to the wave equation based on Fourier analysis. This method is a
useful tool to investigate the effects of the nonlinear dispersion on the
propagation of ultrashort THz pulses in a straightforward fashion. Furthermore,
based on the same model, we derive an expression to extract the nonlinear
refractive index dispersion for broadband sources and compare it with the
approximate methods previously proposed: monochromatic approximation and
sharp-resonance approximation. We perform a simulation on a sample with an
arbitrary dispersion for nonlinear refractive index, and successfully extract the
dispersion from the simulated propagation output.

16:00 - 18:00

Condensed Matter I Cartier 11
Chairperson(s): Mischa Bonn,
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Observation Of Terahertz Spin Hall Conductivity Spectrum In Bulk GaAs
At Room Temperature

Tomohiro Fujimoto; Takayuki Kurihara; Yuta Murotani; Natsuki Kanda;
Tomohiro Tamaya; Changsu Kim; Jun Yoshinobu; Hidefumi Akiyama; Takeo
Kato; Ryusuke Matsunaga

5-1-5 Kashiwanoha, Kashiwa

We investigated ultrafast dynamics of light-induced anomalous Hall
conductivity in a bulk semiconductor GaAs at room temperature using a
circularly polarized near-infrared pump pulse and a terahertz (THz) probe
pulse. Polarization rotation of the THz pulse was observed as a manifestation
of the inverse spin Hall effect (ISHE) for optically injected spin-polarized
carriers. The spin Hall conductivity spectrum is experimentally evaluated for
the first time and shows excellent agreement with the microscopic theories of
ISHE, demonstrating that the extrinsic impurity scattering dominates ISHE in
the DC limit, whereas the intrinsic Berry-curvature mechanism becomes
dominant for THz frequency. Our study paves a way toward ultrafast study of
spin Hall effect with quantitative analysis of spin Hall conductivity spectrum.
Optical Pump THz Probe Spectroscopy On Metal-Organic Frameworks = Mo-PM2-3-2

Mo-PM2-3-1

Jens Neul; Sarah Ostreshz; James Nyakuchema3; Jier Huang4
1210 Avenua A, Room 324, Denton; 2225 Prospect Street; 3Milwaukee;
4Chestnut Hill, MA



16:45

17:00

17:15

17:30

Optical Pump THz Probe (OPTP) Spectroscopy is an outstanding technique to

understand photoconductivity in emerging materials. We utilized OPTP to

explore the photoconductivity in porous crystalline metal-organic frameworks.

The OPTP results agreed with catalytical activity measurements and

demonstrate that the catalysis in this material is more determined by

photoconductivity than by usual catalytic chemistry.

Investigating The Effect Of Crystal Morphology On Optoelectronic

Properties Of Zinc Phosphide Thin Films Via Optical-pump Terahertz Mo-PM2-3-3
Probe Spectroscopy

Yinghong Huangl; Xinyun Liu'; Rajrupa Paul?; Elias Stutz®; Mahdi Zamani’;

Djamshid Damryl; Léa Buswelz; Simon Steinvallz; Jean-Baptiste Leranz;

Mirjana Dimitrievskaz; Anna Fontcuberta 1 Morralz; Jessica Boland!
loxford Road, Manchester; 21015 , Lausanne

Zinc phosphide (Zn3P2) is a promising earth-abundant material for solar cell
applications but calls for the further understanding of its optoelectronic
properties. In this work, we perform contact-free and noninvasive optical-pump
terahertz probe (OPTP) spectroscopy on various Zn3P2 thin film samples and
extract the crucial material properties -- carrier lifetime and mobility - that
dominate the electron transport and device performance, from the OPTP THz
radiation response.

Ultrafast THz Dynamics Of Photocarriers In CsPbBr3 Microcrystals Mo-PM2-3-4
Sheng Lee; Kyeongdeuk Moon; Muhammad Shoaib; Seokhyoung Kim; Tyler

Cocker

East Lansing

We study the ultrafast dynamics of photoexcited charge carriers in micron-scale

single crystals composed of the inorganic perovskite CsPbBr3 with time-

resolved THz spectroscopy. Exciting with photon energy close to the band

edge, we find that a fast (< 10 ps) decay emerges with increasing fluence and

decreasing temperature, dominating the dynamics at 4 K. This behavior is well

explained by Auger recombination. The THz photoconductivity resembles a

Drude response, yet an additional Lorentz component due to an above-

bandwidth exciton resonance is needed to satisfactorily reproduce the data.
Bandwidth-Activated Anharmonic Coupling Mo-PM2-3-5
Megan Nielson; Lauren M. Davis; Aldair Alejandro; Brittany Knighton; Claire
Rader; Jeremy A Johnson

BNSN C100 BYU, Provo

We examine nonlinear excitation pathways of CdAWO4 using two-dimensional
terahertz (THz) spectroscopy. We identify two anharmonic couplings occurring
within the crystal and create a framework for identifying couplings in other
crystalline materials. We use modeling to show that the THz bandwidth itself
can activate otherwise inefficient anharmonic couplings.

Probing How Dynamics, Disorder And Temperature Influence The
Vibrational Spectra Of Molecular Crystals

Andrew Burnett; Calum Towler; John Kendrick

School of Chemistry, Woodhouse Lane, Leeds

It has long been known that THz spectra of molecular crystals is very sensitive
to the long-range structure of these materials. Here using a combination of

Mo-PM2-3-6
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measurement and calculations based on Density Functional Theory we explore
how spectra of these materials are influenced by temperature, molecular
dynamics and disorder within the crystalline environment, and in many cases,
how these effects are crucial to spectral interpretation.

Accounting For Nonlinear Photoconductivity In Time-Resolved Terahertz
Spectroscopy Mo-PM2-3-7

Leya Lopezl; J. Steven Dodgez; Derek G. Sahota?
18888 University Dr, Burnaby; 28888 University Dr W, Burnaby

We examine a procedure that is commonly used to determine the photoexcited
conductivity from time-resolved terahertz spectroscopy measurements. We
show that this procedure introduces large systematic errors when the
photoconductivity has a nonlinear dependence on the excitation density, and we
show how to account for this in the case of a saturable nonlinearity. We
calculate the reflection amplitude of a medium with a saturable
photoconductivity, discuss its general features, and show how the nonlinearity
appears in a conventional analysis. We show how to derive the surface
photoconductivity from measurements of the reflection amplitude as a function
of incident pump fluence.

16:00 - 18:00
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Quantum-cascade Lasers For Terahertz High-resolution Spectroscopy Mo-PM2-4-1
Xiang Lu'; Benjamin Rében?; Klaus Biermann''; Lutz Schrottke'; Jente

Wubs3; Uwe Macherius3; Klaus-Dieter Weltman3; Jean-Pierre H. van Helden> ;

Holger T. Grahn'!

lHausvogteiplatz 5-7, Berlin; 2AbbestraBe 2-12, Berlin; *Felix-Haussdorff-Str.
2, Greifswald

We have developed terahertz (THz) quantum-cascade lasers (QCLs) based on
GaAs/AlAs heterostructures for the application-defined emission frequencies of
3.36,3.92, and 4.75 THz, which correspond to fine-structure transitions of Al
atoms, N+ ions, and O atoms, respectively. These THz QCLs can be operated
in a mechanical cryocooler in continuous-wave mode, while a sufficient
intrinsic tuning range of more than 5 GHz is maintained. This allows them to
be implemented as local oscillators in airborne astronomical instruments and as
radiation sources for high-resolution absorption spectroscopy to determine
absolute densities of atoms and ions in plasmas.

Five-Stack Hete.ro.geneous Terahertz Quantum Cascade Laser For Ultra- Mo-PM2-4-2
Broadband Emission

Michael J aidll; Maximilian Beiserz; Miriam Giparakisz; Martin A. Kainzl;

Dominik Theinerl; Benedikt Limbacherl; Marie C. Ertll; Aaron M. Andrews> ;

Gottfried Strasserz; Jura;j Darmol; Karl Unterrainer’

Gusshausstrasse 27-29, Vienna; 2Gusshausstrasse 25a, Vienna
We present the design, fabrication and characterization of a heterogeneous



terahertz quantum cascade laser consisting of five individual active regions
emitting at different wavelengths. The combination of these five designs in a
single structure leads to ultra-broadband emission covering 2.6 THz between
1.9-4.5 THz, which corresponds to 1.37 octaves. The devices work in pulsed
and continuous-wave operation, showing maximum operating temperatures of
143 K and 58.5 K, respectively. The former is a record value for heterogeneous
terahertz quantum cascade lasers. In continuous-wave operation, peak output
powers of 800 uW are detected.

Integration Of A 2.1-THz Quantum Cascade Laser Within An IEEE WM-

16:45 130 Rectangular Metallic Waveguide

Mo-PM2-4-3

Mohammed Salihl; Sanchit Kondawarl; Nick Brewster? ; Lianhe Lil; Edmund

Linﬁeldl; Hui Wangz; Peter Huggardz; Joshua Freemanl; Daniel Gerberz;

Alexander Val.avanis1

1Woodhouse, Leeds; Harwell Campus, Didcot

We have demonstrated the first integration of a THz QCL within a rectangular
waveguide meeting the IEEE 1785.1-2012 standard. The single-mode
emission, within the 1400--2200 GHz bandwidth of the waveguide, and the
single-lobed, narrow far-field emission indicate that the waveguide is operating
within its intended fundamental mode. This underpins the capability for future
development of fully integrated receiver systems, in which a QCL local
oscillator will be coupled with a mixer for satellite radiometry applications.

Optical Beatnote Detection From A Portable THz QCL Comb At 80 K By Mo

Direct Free Space Mixing In A High-frequency Hot Electron Bolometer -PM2-4-4

17:00

Sara Cibellal; Guido Torrioliz; Pasquale Carelliz; Alessandro Gaggeroz; Ennio
Giovinez; Filippo Bolli’ ; Urban Senica4; Mattias Beck4; Jerome Faist4;
Giacomo Scalari*

Via del Fosso del Cavaliere 100, via del fosso del cavaliere 100, Rome; 2IFN-
CNR, via del fosso del cavaliere 100, roma; 3University of Rome Torvergata,

Via del Politecnico 1, rome; 4Auguste-Piccard-Hof 1 8093 Ziirich, Schweiz,
Ziirich

We present optical beatnote detection from a THz QCL comb operating at 80 K
in a small nitrogen-cooled dewar. The 21.7 GHz comb beatnote is detected by
downconversion, directly mixing free-space signals from the QCL and a
microwave synthesizer onto an NbN HEB optimized for RF frequencies. The
setup constitutes a very convenient platform for the study of QCL-based optical
frequency combs and a building block for compact, portable frequency comb
fast spectrometers.

Strongly Modulated Quantum Cascade Lasers For Broadband And Fast

Doppler-Based FTIR Spectroscopy Mo-PM2-4-5

17:15

Alessio Cargiolil; Diego Piciocchi'; Mathieu Bertrand'; Sargis Hakobyanz;
Richard Mauliniz; Stéphane Blaserz; Tobias Greschz; Antoine Mullerz; Jerome
Faist!

1Auguste—Piccard—Hof 1; 2Avenue des Paquiers 1
The possibility of making reliable, fast and broadband spectroscopy in the Mid-
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IR region is extremely appealing, and it goes in hand with the availability of
suitable light-sources. Here we prove that, by strongly RF modulating a Mid-
Infrared Quantum Cascade Laser at low injection frequency compared to its
natural repetition frequency it is possible to double its emission bandwidth up
to 250cmA-1. In addition, we show it can be used in combination with a
Doppler based FTIR, opening the possibility to fast and broadband FTIR
spectroscopy.

QCL-based THz Optical Wireless Communication Link Mo-PM2-4-6
Alessia Sorgil; Marco Meuccil; Ali Umairl; Francesco Cappellil; Leonardo

Vitiz; Miriam Serena Vitielloz; Jacopo Catanil; Luigi Consolino!

1via Nello Carrara 1, Sesto Fiorentino; 2Piazza San Silvestro 12, Pisa

In order to target high data-rates (1Tbps) with low latency (< 10 ms), THz
frequency range seems to be the proper choice, allowing a higher carrier
frequency with respect radio frequency (RF) or millimeter wave (mmWave)
ranges, conventionally used in broadcasting methods. Furthermore, THz free
space optical communication (FSOC) links are particularly interesting in harsh
and industrial environments due to the larger wavelength which make the
communication resistant to scattering with respect to near-IR and visible
frequency ranges. Despite the growing interest, THz wireless communication
(TWC) compact and reliable solutions have been realized especially in the sub-
THz band (0.3- 0.6 THz), that can still benefit of electronic devices for both the
source and the receiver. Up to now, TWC in the 2-5 THz band has been
performed using quantum cascade lasers (QCLs) and quantum well infrared
photodetectors (QWIPs) both requiring strong cryogenic cooling. Here we
present the first cryogen-free realization of a Free Space Optical
Communication (FSOC) link based on a 2.83 THz QCL, cooled by a
transportable closed-cycle cryostat, and a Graphene-based field-effect transistor
(GFET) as the room-temperature receiver.

Broadband Antenna-coupled THz Quantum Cascade Laser Frequency
Combs With Inverse-designed Waveguide Facets

Urban Senica; Sebastian Gloor; Paolo Micheletti; Mattias Beck; Jérome Faist;
Giacomo Scalar

Auguste-Piccard-Hof 1, Zurich

We present a broadband, monolithic outcoupler based on planarized double
metal waveguides that addresses both the reflectivity design and broadband
narrow beam emission in THz quantum cascade lasers. The waveguide mirror
reflectivity can be adjusted by shaping the end facet, obtained with an efficient
inverse design algorithm. The THz laser radiation is coupled to a broadband
patch-array antenna for surface emission. All the components are optimized for
octave-spanning spectra between 2-4 THz. We implement these concepts to
demonstrate a broadband surface-emitting THz quantum cascade laser
frequency comb featuring output powers of 13 mW, optical bandwidths in
excess of 800 GHz and a single-lobed far-field pattern with a beam divergence
below (20° x 20°).

Mo-PM2-4-7
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Absolute Security With Diffraction Grating In Terahertz Communication
Links Mo-PM2-5-1

Yaseman Shiril; Chia-Yi Yehl; Zhaoji Fangl; Rabi Shresthal; Hichem
Guerboukhal; John Malowickiz; Ngwe Thawdarz; Daniel Mittleman'

ISchool of Engineering, 184 Hope Street, Providence; 226 Electronic Pkwy,
Rome

We realize a new approach to absolute security by constructing and testing a
point-to-point line-of-sight (LOS) outdoor link at 200 GHz. With a diffraction
grating placed at an intermediate focus immediately after an emitter horn
antenna we can engineer frequency-varying nulls that create blind regions in
space where an eavesdropper is unable to detect at least one of the frequency
channels, satisfying the security condition for absolute security. By measuring
power and bit error rate at 41 different frequencies, we demonstrate a shift in
nulls with each frequency and verify a bit error rate greater than 0.5 on the
nulls.

Load Analysis Of Wireless Backhaul Links At 300 GHz Mo-PM2-5-2

Bo Kum Jung; Thomas Kiirner

SchleinitzstraBe 22, Braunschweig

Beyond 5G, wireless backhaul links are expected to be more frequently utilized
due to their economic and practical advantages over fiber connections. The
feasibility of high data rate transmission at 300 GHz for backhaul links has
already been demonstrated at the link level. This study shows that the THz
backhaul links can support future the seamless data transmission of the highly
aggregated users' data traffic in densely populated areas.

TeraHertz Vs Microwaves Ray-Launching Model In A 0.45 THz Indoor
Wireless Scenario

Leyre Azpilicuetal; Alper Schultze?; Mikel Celaya-Echarril; Fidel A.
Rodn’guez-Corb03; Christopher Sumner®; Morgan Dryhurst4; Raed. M.

Mo-PM2-5-3

Shubair” : Francisco Falconel; Miguel Navarro-Cia®
TAv. Cataluia, s/n; Einsteinufer 37; 3Av. Eugenio Garza Sada 2501 Sur;

4Edgbaston Campus; > Saadiyat Marina District

Ray tracing is the gold standard for microwave channel modelling. The lack of
a comprehensive material library and ray tracing implementations capturing
both surface scattering and atmospheric absorption represent a barrier for the
use of ray tracing at millimeter-waves (mmw) and TeraHertz (THz). We report
here a ray-launching algorithm implementation that includes a library of
microwaves-to-THz material properties, surface scattering and atmospheric
absorption that enables us to benchmark a 0.3 THz experimentally-validated
THz ray-launching model against a microwaves one in the context of a meeting
room 0.45 THz wireless system.

Continuous Asymmetric Beam Steering With A Reconfigurable Intelligent



16:45 Surface In The Ka-Band At 31 GHz Mo-PM2-5-4

Alexander Wolff 1; Lars Frankez; Steffen Klingelz; Janis KriegerZ; Lukas
Muellerz; Ralf Stemlerz; Marco Rahm?
'Paul-Ehrlich-Strasse 11, Kaiserslautern; 2Paul-Ehrlich-Strasse 11

We present a reconfigurable metasurface for continuous asymmetric beam
steering based on a patch antenna unit cell. A switching element in the unit cell
allows for continuous phase shifting of the reflected wave between 0A° and
180A°. This continuous phase adjustment enables asymmetric far-field beam
shapes with a global maximum at any desired deflection angle up to 65A°. We
experimentally implement such a RIS module and demonstrate beam steering
of a normally incident beam.

Rough Surfaces Scattering And Mobility-Resilient Terahertz Wireless
Links

Ruiyi Shen; Yasaman Ghasempour

41 Olden St, Engineering Quadrangle, Princeton

We present a new perspective on the impact of diffuse scattering from rough
surfaces on the resilience of wireless links against node mobility. We provide a
theoretical model and conduct over-the-air experiments using commonly
available indoor and outdoor surfaces. Our results show that non-line-of-sight
links off of rough surfaces are more resilient toward mobility, albeit at the cost
of a lower peak signal-to-noise ratio.

An 83.2 Gbps SISO Wireless Communication System Ultilizing
Polarization And Frequency Division Multiplexing

17:00 Mo-PM2-5-5

17:15 Mo-PM2-5-6
Zheng Wang; Haoyi Cao; Weipeng Wang; Hongxin Zeng; Lin Huang; Zigiang
Yang; Yaxin Zhang

Qingshuihe Campus of UESTC, No0.2006, Xiyuan Avenue, Chengdu
All-solid-state electronic communication system is an essential method to
achieve terahertz communication, but the maximum transmission rate of a
single channel will be limited by the operating bandwidth of RF components
and the sampling rate of AD/DA. In this paper, a terahertz communication
system is proposed, which combines frequency division multiplexing (FDM)
and polarization multiplexing techniques to realize four-channel
communication transmission in SISO. The system uses duplexer and ortho-
mode transducer (OMT) to ensure independent transmission of four channels.
With the 16-QAM modulation, the total communication rate reaches 83.2 Gbps
(20.8 Gbps per channel), and a demonstration experiment at a distance of 1.5 m
indoor is realized, with SNR all greater than 20 dB and BER lower than 1e-9.

The Multipath Propagation Characteristics Of THz In Indoor Test-Room
Environments

Jong Ho Kim'; Jinhyung oh';J ang Seok Choi?; Jae Ho Seok?

1218 Gajeong-ro, Yuseong-gu, Daejeon; 2767 , Bitgaram-ro, Naju-si,
Jeollanam-do

THz wireless system can replace the wire system, because it has hundreds of
Gbps with low latency. Especially, when it uses at very short distance of
wireless link, THz is an excellent choice. But multipath propagation of given
environments limits the upper transmission rate due to inter-symbol

17:30 Mo-PM2-5-7
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interference by delay spreads. In this paper, power delay profiles were
measured in indoor test-room environments at 285 GHz with 20 GHz
bandwidth, and submitted characteristics of propagation.

Analysis Of Radio Propagation Characteristics In Data Center
Environment With Rack In Terahertz Band

Jinhyung oh';J ong Ho Kim';J ang Seok Choi?; Jae Ho Seok?

1Ga—jeong ro 218, Yu-seong gu, Daejeon; 2Bitgaram—ro 767, Naju-si,
Jeollanam-do

In this paper, we derive propagation channel characteristics such as relative
received power and R.M.S. delay spread coefficient for wireless
communication in a data center environment where server racks are located at
285GHz band. By measuring in consideration of various types of obstructions
and different antenna beam widths, we tried to find out in detail the
characteristics of the propagation channel when performing wireless
communication using terahertz in a data center.

Mo-PM2-5-8
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6G Communications Push For Effective THz Sensing Technology:
MOSFET Rectification Model Needs To Be Refounded

Fabrizio Palmal; Renato Cicchettiz; Stefano Perticaroli3; Orlandino Testa?

1Dip. DIET, Universita di Roma La Sapienza, v. Eudossiana 18, Roma, 320
4357 257, Roma; ZRome University La Sapienza, Dip. DIET, Universita di
Roma La Sapienza, Roma; 3Roma, Italy, Roma

CMOS technology can easily handle the modulation/demodulation process of a
RF signal, but cannot reach, at least today, bands toward 1 THz. For this
reason, there has been great interest in evaluating the intrinsic rectification
process that occurs in a metal oxide semiconductor field effect transistor
(MOSFET) structure. Recent results showed that high detection velocity can be
achieved using a device with proper detection architecture. These results,
combined with the intrinsic low cost of the CMOS technology, allows to
foreseen this as a suitable solution for the large market of the future 6G
communication systems. The MOSFET detector is studied by TCAD
simulations, and its characteristics explained following the self-mixing model.
Numerical results show a new picture of the device functioning, giving a new
description of its external response. The knowledge of the self-mixing
mechanisms allowed to achieve an accurate design of an array of 64 rectifiers,
each one integrated with a suitable printed antenna.

Novel 0.22-THz Extended Interaction Oscillator Based On The Four-
Sheet-Beam Orthogonal Interconnection Structure

Zhenhua Wu; Jielong Li; Diwei Liu; Wei Wang; Zongjun Shi; Renbin Zhong;
Kaichun Zhang; Min Hu; Zhaoyun Duan; Yanyu Wei; Yubin Gong; Shenggang
Liu

UESTC, Chengdu, China, Chengdu
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This paper presents a novel high-frequency structure. Four conventional ladder
line slow-wave structures are placed vertically to form a four-sheet-beam
orthogonal interconnection structure that considerably increases the coupling
efficiency between the cavities, improves output power and efficiency, and
interacts perfectly with the TM81 mode. In this study, the dispersion
characteristics and characteristic impedance are studied through numerical and
simulation calculations, and the optimal working parameters are analyzed using
PIC software. Next, a 0.22-THz extended interaction oscillator based on four-
sheet-beam orthogonal interconnection structure is designed. Simulation results
show the achievement of the output power of 0.22-THz wave over 500 W with
four sheet beams at 16.6 kV and each current of 0.8 A. This novel structure
provided an alternative for the development of terahertz extended interaction
oscillators.

Selecting Hazelnuts By Coupling A Self-organizing Map (SOM) And An

Experimental System Operating In Transmission Configuration. Mo-P1-03

Manuel Grecol; Sabino Giarnettiz; Emilio Giovenale3; Andrea Taschin3; Luca

Sennis; Fabio Leccesel; Andrea Doria3

Via della Vasca Navale, 84, Roma; 2Via Casamari, 6, Via Marentino, 134,
Roma; 3Via Enrico Fermi, 45, Frascati

An experimental setup operating in transmission mode in the frequency range

between 18 and 40 GHz is described. This study shows how the system is able

to distinguish healthy and rotten hazelnuts. In addition, a Self-Organizing Map

(SOM) trained with the Kohonen algorithm was used to classify the hazelnuts

according to their quality.

Phase-sensitive Silicon CMOS TeraFETs Mo-P1-04

Michael Shur!; Xueqing Liu?; Trond Ytterdal®
19433 van Arsdale Drive, 9433 van Arsdale Drive, Vienna; Rensselaer

Polytechnic Institute, 9433 van Arsdale Drive, Troy; 3%50.8. Bragstads
PlassAddress: N-7491, Trondheim

Short channel Si CMOS could detect both the intensity and phase of the
impinging THz or sub-THz radiation enabling line-of-sight detection and
spectroscopic operation. The phase control is also crucial for phase-
synchronized TeraFET arrays. We introduce and calculate the characteristic
phase control frequency for silicon NMOS as a function of the channel length.
The response depends on the effect of momentum, relaxation time, and the
viscosity of the electronic fluid. Parasitic elements such as source and drain
series resistances, fringing gate capacitances, and scattering at the contacts also
play an important role. Our analysis for 20nm, 65nm, and 130 nm technology
nodes shows that S1 NMOS could detect the phase of impinging THz radiation
in the broad frequency range (from ~ 100 GHz (for 130 nm technology) to
approximately 10 THz (for 20 nm technology) via the interference of the
plasmonic oscillations propagating from the source and drain sides of the
channel. This conclusion is confirmed by the simulation of the spectrometer
response for 20 nm and 130 nm Si NMOS. These results could guide the
development of future generations of Si sub-THz and THz phase-sensitive
photodetectors.



All-printable And Mechanically-aligned Broadband Image Sensor Array
Sheets

Yuto Matsuzakil; Daiki Sakail; Yuto Aoshimal; Daiki Shikichil; Raito Otal;
Satsuki Yasuiz; Kou Li2; Yukio Kawano’
111327 , Kasuga, Bunkyo-ku; 22-12-1 , Ookayama, Meguro-ku

This work develops all-printable carbon nanotube film-based ultrabroadband
(millimeter-wave--infrared light) imager sheets. Mechanical alignment of each
device material allows high-yield image sensor integration and printing
conditions govern the fundamental device performances.

All-printable Stretchable Broadband Photo-thermoelectric Camera Sheets

Daiki Sakai; Yuto Aoshima; Yuto Matsuzaki; Kou Li; Yukio Kawano
1-13-27 Kasuga, Bunkyo-ku

This work successfully develops all-printable photo-thermoelectric broadband
infrared rays (IR) to millimeter-waves (MMW) imagers. The device consists of
flexible carbon nanotube (CNT) film channels and exhibits highly efficient
absorption characteristics in broad IR--MMW regions. The use of ink-jet
printing in the device fabrication allows mechanical alignment of each device
component material. Each half region of the originally P-type CNT film
channel is chemically doped into N-type, and the PN junction corresponds to
the photodetection interface. The use of the enriched CNT solution, which is
suitable for the printing process, exhibits sensitive photo-detection, and this
work also successfully demonstrates the fundamental IR imaging inspection
application with the all-printed imager.

Design Of A Circular Electron Injection Electron Optical System For 0.34
Terahertz Traveling Wave Tube

Hang Renl; Sheng Yuz; WeiHua Ge3; Rutai Chen3; Yubo Liu3; Tao Wang3
N0.2006 Xiyuan Avenue, Gaoxin District (West Zone), Chengdu, ChengDu;
2N0.2006 Xiyuan Avenue, Gaoxin District (West Zone), University of

Electronic Science and Technology of China Chengdu, China; 3University of
Electronic Science and Technology o, Chengdu

This paper introduces an electron gun suitable for 0.34THz traveling wave
tube, and realizes long-distance transmission under periodic focusing system.
The electron gun produces a circular beam with a radius of 0.185mm at the
waist, which can be transmitted by a periodic focusing system for 18 mm. The
simulation results show that the electron beam produced under this system is
transmitted in a cyclic manner, the voltage is 21.8kV, and the electron
circulation rate reaches 100%.

A WR-3 Full Band Frequency Tripler Based On Planar Schottky Diode
Jianghua Yu; Yazhou Dong; Hongji Zhou; Hailong Guo; Jun Zhou; Yaxin
Zhang

Chengdu China

In this paper, we present the design of a high-efficiency multi-core square
layout tripler based on GaAs monolithic technology to cover the full frequency
band of the WR-3 waveguide. The tripler has been accurately simulated using
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the HFSS and ADS softwares. The simulation results demonstrate that the
frequency tripling efficiency in the full frequency band can reach more than 4%
when the input power is 200 mW, with an output power of more than 8 mW.
The highest efficiency is 9%.

Numerical Research On Multi-objective Optimization Of Vacuum
Electronic Devices Based On G-NSGA-II

jlanhuang liu'; laqun liu'; yulan hu?; huihui wangz; dagang liu?
1Building B1, Science and Technology Innovation Complex, No. 819,
Xisaishan Road, Huzhou; 2No 4, Section 2, North Jianshe Road

In order to solve the multi-objective optimization problem of high-power
microwave devices, the g-NSGA-II algorithm based on electromagnetic
particle simulation is proposed on the basis of the second generation non-
dominated sorting genetic algorithm (NSGA-II). Moreover, the optimization
objective functions of power and spectrum of high-power microwave devices
are proposed. The algorithm is used to simultaneously optimize the two
objectives of the relativistic return wave tube (RBWO): the output power and
the spectrum within the specified frequency band. The optimization results
show that the g-NSGA-II algorithm can obtain higher average output power
and relatively pure spectrum in the specified frequency band, and has good
optimization ability, and can effectively solve the multi-objective optimization
problem of high-power microwave devices.

THz Detection In P-Type FETs
Przemyslaw Zagrajekl; Michal ZaborowskiZ; Jacek Marczewski’; Daniel

TomaszewskiZ
L. gen. S. Kaliski 2, Warsaw; 2a1. Lotnikow 32/46, Warsaw

The paper describes an experimental study on p-type field effect transistors
(pFETs) working as detectors of THz radiation. These detectors have been
rarely presented in the literature so far. The silicon p-type Junctionless FETs
and pMOSFETSs with patch antennas were fabricated in a technology similar to
the SOI CMOS process. They were measured in 316 - 360 GHz EM radiation
band. The focal point was visualized with a 32x32-pixel camera. The detectors
were mounted on motorized stage and the maximum photoresponse was
reached. P-type detector responsivities and S/N ratio were measured using
lock-in technique and compared with parameters of n-type FETs with the same
layout. The pJLFET and pMOSFET signal values were positive and
significantly lower than for the nFETs. The photoresponse characteristics of
both p-type FETs vs. gate bias were found to be analogous to those of n-FET
detectors. The similarity of the characteristics suggests that a similar THz
detection mechanism is expected in p- and n-type of the detector. A possibility
of increasing the photoresponse by forcing a small DC drain current was also
investigated. P-type FET detectors can be used in applications where, for
design reasons, it is desirable to use a complementary pair of the detectors.

Terahertz Detector Integrated With Photonic Crystals Waveguide On
Chip
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Xu Yanl; Xuecou Tuz; Yunjie Ruiz; Chen Zhangz; Xiaoqing J iaz; Lin Kangz;
Jian Chen?; Peiheng Wu?
1163 Xianlin Road, Qixia District, Nanjing, Jiangsu Province, 210023, Nanjing

City; 2y iangsu Province Nanjing,Qixia District, Xianlin R

Three channels of microbolometer terahertz (THz) detectors integrated with
silicon photonic crystal on the same chip was realized. This two-dimensional
photonic crystal waveguide has the advantages of low transmission loss and
wavelength division multiplexing. The photonic crystal waveguide was
fabricated by MEMS technology, and it was packaged by the standard metal
waveguide. The experimental results confirm the wavelength division
multiplexing function of the waveguide, and it was also demonstrated that the
coupling of terahertz signals with the microbolometer sensor was enhanced in a
specific frequency band, making up for the shortcomings of the traditional free-
space antenna coupled NbSN6 microbolometer detector.

Study Of 0.65THz Extended Interaction Amplifier Based On Folded

Waveguide Cavity Mo-P1-12

Yang Dongl; Jingyu Guo?; Shaomeng Wangz; Duo Xu?; Youfeng Yangz; Yuxin
Wﬁngz; Yuxin Wangz; Yuan Zhengz; Ping Zhang2; Zhanliang Wangz; Yubin

2
Gong

No. 2006 Xiyuan Avenue, High-Tech District (West District), Chengdu,
China, Chengdu; 2No. 2006 Xiyuan Avenue, High-Tech District (West D

An extended interaction amplifier (EIA) based on folded waveguide cavity is
proposed, which is designed to operate at 0.65 THz. The proposed EIA consists
of four cavities all operating at 2AfAC1? mode, and the whole length of the EIA
is 17.0 mm. The particle-in-cell (PIC) results show that the output power can
reach 1.32 W at 650 GHz with the input power of 1 mW, an ideal beam of 20
mA and 18.2 kV, conductivity of 2.5¢7 S/m and a focusing magnetic field of
0.6 T. In addition, the output power is greater than 0.6 W from 648.8 GHz to
650.8 GHz with a 3dB bandwidth of 1.8 GHz.

A Full-band Tripler Based On A GaAs Monolithic For 460-700 GHz Mo-P1-13
Yazhou Dongl; Shixiong Liangz; Hongji Zhou?; J ianghua Yo, Hailong Guo®;

Jun Zhou®; Hongxin Zeng3; Yaxin Zhang3

1819 Xisaishan Road, Huzhou City, Zhejiang Province, Huzhou; 2113 Hezuo

Road, Shijiazhuang 050051, China; 3819 Xisaishan Road, Huzhou City,
Zhejiang Province

This article presents a full-band frequency tripler based on a 10 um thick GaAs
single chip, designed for the frequency range of 460-700 GHz. The device
achieves full-band output and utilizes "part-substrateless" technology, which
significantly improves the coverage range of the output microstrip waveguide
probes. Simulation results demonstrate that the device exhibits an overall
efficiency of over 2% with an input power of 40 mW, and typical output power
can reach approximately 1 mW.



Fabrication Error Study Of W-band Planar Beam-Wave Interaction Mo-P1-14
Structure

Monodipa Sarkar'; Niraj Kumar?

!CSIR-CEERI, OH-12, Pilani; 2CSIR-CEERI Campus, Pilani

The beam-wave interaction structure is a crucial component for high-power
compact THz sources. This paper presents the fabrication error study of a W-
band (75-110 GHz) staggered double vane interaction structure. The simulation
study of 0.1 THz staggered double vane structure (SDVS) has been carried out
by COMSOL Multiphysics to analyze the effect of frequency shift due to the
dimensional deviation and the effect of surface roughness on the power level of
the wave in W-band. The analysis of frequency shift and other parameters have
been studied for dimension deviation values ranging between 10-20 microns
and the surface roughness ranging from 100-300 nm.

Terahertz Radiation Source Based On Two-stage Capillary Plasma
Channel

Shengpeng Yangl; Mi Tian'; Bingyang Liangz; Yubin Gong1
1No.2006, Xiyuan Ave, West Hi-Tech Zone, 611731, Chengdu, Sichuan,
P.R.China, Chengdu; ZYanta Road No. 58, Xi'an

Mo-P1-15

In this study, we propose a miniaturized design of terahertz radiation source
based on electron beam-plasma interaction. The simple structure of the
radiation source is consisted of a dielectric capillary with four electrodes, in
which a two-stage plasma channel can be created by two-sectional neutral gas
ionization. Simulation results shows that high-density electron beam can be
drawn from the first-stage plasma and excite electromagnetic radiation in the
terahertz band when it penetrates the second-stage plasma.

Crosstalk Resistant Integrated Uni-Traveling Carrier Photodetector Mo-P1-16

Souvaraj Del; Ranjan Dasl; Karanveer Singhl; Younus Mandalawil; Thomas
Kleine—OstmannZ; Thomas Schneider’

ISchleinitzstraBe 22,38106 Braunschweig, Braunschweig; 2Bundesallee 100,
38116 Braunschweig, Braunschweig

Uni-traveling carrier (UTC) photodetectors are pivotal as photomixers in THz
transmission systems owing to their high-speed and output power in the THz
range. However, for an efficient transmitter, the laser, modulator, signal
processing, and maybe even the amplification has to be integrated on the same
chip. This might lead to problems with the thermal crosstalk induced by the
thermally conductive chip components. Such crosstalk can severely reduce the
performance of the UTC photodetector with regard to the dark current,
bandwidth, and data transmission. Here, we show how a deep trench can
reduce the thermal crosstalk for a UTC photodetector in densely packed
circuits, which in turn reduces the dark current and device capacitance and
thus, improves the performance.

Tunable Continuous-wave Terahertz Generator Based On Difference
Frequency Generation With DAST Crystal
Zelong Wang; Yuye Wang; Haibin Li; Meilan Ge; Degang Xu

Mo-P1-17



92 Weijin Road, Nankai District, Tianjin, China, Tianjin

A tunable continuous-wave (CW) terahertz (THz) source with DAST crystal
via difference frequency generation has been demonstrated in this work. The
THz tuning range was from 1.1 THz to 3 THz and the maximum output power
of the THz wave was 2.58nW at 2.52THz. The output spectrum of the CW-THz
source is in good agreement with the air absorption lines in Hitran database.
The linewidth of the output THz wave was estimated to be 56.5 MHz based on
gas absorption spectrum. Therefore, the CW-THz source will have good
potential in THz high-precision spectroscopic detection and multi-spectral
imaging.

Influence Of Current In The Spintronics Terahertz Emitter Mo-P1-18
Da Tian; Caihong Zhang; Hongsong Qiu; Jingbo Wu; Kebin Fan; Biaobing Jin;

Jian Chen; Peiheng Wu

No. 163 Xianlin Avenue, Qixia District, Nanjing, China, Nanjing

In this work, we mainly study on the influence of electric currents applied on
the Spintronics terahertz emitter (STE) and the results can pave a way to the
integration and manipulation of the STEs.

Electric Field Measurement For A 320GHz Wave By Rydberg-atom Based
Sensor

Motohiro Kumagai; Shigeo Nagano; Shin'ichiro Hayashi; Norihiko Sekine
4-2-1 Nukuikitamachi Koganei, Tokyo

Research on Rydberg-atom based sensers, which realize the SI-traceable
measurements for the electric field of Terahertz wave, have been started. The
ladder-type EIT (Electromagnetically Induced Transparency) signals were
observed by counterpropagating lasers of two distinct wavelength lasers
corresponding to the S-P-D transitions of Cesium (Cs) atoms enclosed in a
cylindrical glass cell. Irradiation of a 320GHz wave whose frequency matched
the D-F transition then results in an observed Autler-Townes (AT) splitting of
the EIT signals. The electric field strength was calculated by frequency
measurement of the splitting separation.

Mo-P1-19

Frequency Controlled Terahertz Wave Parametric Generation By A
Spectral Drill Cavity

Shin'ichiro Hayashil; Seigo Ohno?; Katsuhiko Miyamoto3 . Yoshiharu Urata*;
Norihiko Sekine!

1421 Nukui-Kitamachi, Koganei; 26—3, Aramaki Aza-Aoba, Aoba, Sendai;
31-33, Yayoi-cho, Inage-ku, Chiba; 45.3.32 Nakayama, Aoba, Sendai

We demonstrated terahertz wave parametric wavelength conversion between
two frequency-controlled infrared beams and terahertz wave in a nonlinear
crystal. The frequency stabilized pumping beam is amplified by an injection-
seeded PPLN-OPG and KTA-OPA pumped by a Nd:YAG MOPA system. The
seeding beam is stabilized 1.5 I%4m beam as traceable to the national standard.
The master laser of the MOPA system is a SLM Nd: YAG laser with duration of
about 1 ns. The frequency of tunable seeding beam is monitored by using a
"spectral drill" cavity. The cavity provides a continuous one-way sweep of the
axis modes in a Fabry-PA©rot cavity without sweeping the cavity length.
When a geometric phase shifter composed of fixed and rotating phase plates is
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arranged within the cavity, the frequencies of the axis modes are controlled by
the angle of the phase plate. The frequency of seeding beam is observed as
intensity error signals. We used a nonlinear MgO:LiNbO3 crystal with a Si-
prism as an efficient output coupler for the terahertz wave. The output terahertz
wave was measured using a pyroelectric detector. We speculate that the
frequency controlled terahertz wave could be powerful tools not only for
solving real world but also fundamental physics.

High Peak Power Mid-infrared Optical Parametric Oscillator And

Amplifier Based On BaGa4Se7 Mo-P1-21

Kai Chen'; Degang Xul;J ining Li'; Kai Zhongl; Yuye Wangl; Jiyong Yao?;
Jianquan Yao!

1Weijin Road No0.92, Nankai District, Tianjin; 2Zhongguancun East Road
No.29, Haidian District, Beijing

In this work, we demonstrated a high peak power, high energy OPO-OPA
system based on BaGa4Se7. Pumping by a 1064 nm laser, this system could
achieve mid-infrared output with peak power of MW-level. The maximum
output energy of 12.13 mJ/pulse was achieved at 3.89 %4m and the pulsed
width of mid-infrared wave after OPA was 8.2 ns. No damage was observed on
the surface of BGSe crystal in this work and the pump intensity could be
further improved. By increasing the pump and seed energy, the output energy
or peak power is expected to increase to twice of the results in this work.

Full-Wave Analysis Of A Complex Gyrotron Cavity With Coupled
Smooth-Walled And Corrugated Resonators

Vitalii Shcherbininl; Tetiana Tkachovaz; Oksana Andrieievaz; Manfred
Thumm' ; John J elonnek!

Mo-P1-22

"Hermann-von-Helmholtz-Platz 1, Eggenstein-Leopoldshafen;
2Akademicheskaya St. 1, Kharkiv

A full-wave analysis is used to investigate conversion of normal modes in a
complex gyrotron cavity formed by coupled smooth-walled and corrugated
cylindrical resonators. The analysis takes into consideration expansion of
normal modes in terms of azimuthal harmonics. It is shown that the high-order
azimuthal harmonics produce a minor effect on a pair of the second-harmonic
operating modes of the complex cavity. The exception is a shift of the optimal
corrugation depth, which provides the strongest coupling between the operating
modes. It is found that the first-harmonic competing mode exhibits reduced
purity and ohmic quality factor, which are caused by strong coupling between
azimuthal harmonics due to the corrugations.

Calculation Model Of Klystron Mo-P1-23
Jinji Li'; Hao Li?; Lei Huang2

No. 2006, Xiyuan Avenue, High-tech Zone, Chengdu, Sichuan, Chengdu;

No. 2006, Xiyuan Avenue, High-tech Zone, Chengdu,, Chengdu

Abstract--In this paper, a large signal computation model of the beam-wave
interaction in klystron is presented. This mode bases on the one dimensional
electron disk model with considering the space charge. The motion of disks of



charge is tracked with time as the independent variable using Runge-Kutta
integration. The simulation code named Kly_app has been compiled based on
this model and it shows good agreement with the simulation results by
AJDSIK. At the same time, Kly_app also adds simulated annealing algorithm
for automatic optimization. Kly_app can be used in the large signal computer
simulation of the beam-wave interaction in klystron. Keywords--klystron,
beam-wave interaction, Runge-Kutta, Kly_app, AIDSIK, simulated annealing.

A Novel G-band Dual Sheet Beam Sine Waveguide Traveling-wave Tube Mo-P1-24

Shuanzhu Fangl; Yuanqing Xiao%; Tieyang Wangz; Mengyao Tang2; Fangfang
Songz; Jun Luo'; Yanyu Wei’

1Guangzhou, China, Guangzhou; 2Guangzhou, China; 3Chengdu, China

This article introduces a new dual sheet beam (DSB) sine waveguide (SWG)
traveling-wave tube (TWT) that operates in the terahertz band. The DSB SWG
slow-wave structure (SWS) has flat dispersion in the 0.204 - 0.23 THz
frequency range, enabling high frequency applications. The DSB SWG also
shows a low loss of 6.7 dB in the 0.2 - 0.24 THz frequency range, indicating
good signal transmission capabilities. The simulation results suggest that the
DSB SWG TWT has excellent output power (>85 W) and gain performance (3
dB gain >26 GHz), making it a promising candidate for various applications in
the terahertz frequency range.

Study And Design Of KFE Compact Gyrotron For KSTAR ECH System Mo-P1-25
Sunggug Kim!; sonjong Wangz; MiJ oungz; Jongwon Han?; Inhyok Rhee?

!Gwahak-ro 169-148, Daejeon; 2Gwahak-ro 169-148

Korea Superconducting Tokamak Advanced Research (KSTAR) is planning to
install an electron cyclotron (EC) system for a total of 6MW Radiofrequency
(RF) output and is currently in progress. A total of 4 EC systems were installed
in the 2022 KSTAR campaign, but only 2 EC systems are in operation. Both
EC systems have a problem with the gyrotron and are currently being repaired.
The 4 gyrotrons currently installed are 1MW, 105/140Ghz dual-frequency
gyrotrons that can operate for up to 300 seconds. In the 2020 KSTAR
campaign, an EC system called EC4 provided about 1450 shots to the tokamak.
Of these, about 500 shots were used for start-up with a pulse length of less than
0.5 seconds. This is about 35% of the total shot. We conclude that it is
inefficient to use a high-spec gyrotron for low power less than 500kW and short
pulses. Therefore, we are developing a start-up gyrotron with an RF power of
500kW and a pulse length of less than 0.5 seconds. The design value was
determined based on the specifications of the gyrotron, which are mainly
required by KSTAR. We will explain the specifications of the Gyrotron for
startups in this paper.

Study On Electromagnetic Characteristics Of Millimeter Wave Double

Inner Conductor Bragg Structure Mo-P1-26

xueyong dingl; shifeng WangZ; liansheng wangz; shuai yuan1

1Depalrtment Of Polytechnic, Sanya university, Sanya, sanya; 2Department Of
Polytechnic, Sanya university, Sanya, g 45 = V717 8 3¢ K JE 27 B%S, sanya
Based on the theory of multimode coupling, the electromagnetic characteristics



of millimeter wave double internal conductor Bragg structure are studied by
using the 3D electromagnetic simulation software CST. The results show that
the dual-conductor Bragg structure can suppress the competitive mode
compared with the coaxial Bragg structure, the reflectivity is stable and close to
1, and the electromagnetic characteristics of the symmetric structure is better
than the asymmetric structure; With the increase of the distance between the
double inner conductor and the coaxial axis, the frequency response bandwidth
of the double inner conductor Bragg structure becomes wider, and when the
inner conductor is far from the coaxial axis, the bandwidth becomes wider
obviously, while the value of reflectivity tends to be stable. Therefore, selecting
the millimeter wave double internal conductor Bragg structure can broaden its
performance as a reflector or filter, improve the mode selectivity and mode
purity, and improve the performance of the Bragg structure.

Investigation Of The Cause Of Two-beam Radiation In A Multi-frequency
Gaussian Beam Output Gyrotron FU CW GVII

Yoshinori Tatematsu; Yoshiki Koshido; Masafumi Fukunari; Yuusuke
Yamaguchi

3-9-1 Bunkyo, Fukui

A radiation pattern with two peaks was observed in the experiment of a multi-
frequency Gaussian beam gyrotron FU CW GVII, which contains a mode
converter designed for a co-rotating mode. To find out the cause of the two
peaks, we investigated from both experimental and theoretical perspectives
Experimentally, by changing the gun coil current to change the electron
incident radius into the cavity, the intensity variation of the two peaks was
observed. Theoretically, a code was developed to calculate the radiation pattern
of the Gaussian beam converted from the counter-rotating mode. In result, the
cause of the two peaks is that the co- and counter-rotating modes
simultaneously oscillating in the cavity were independently converted into
Gaussian beams by the mode converter, and then output from the window. It is
indicated that even a mode converter designed for the co-rotating mode can
convert the counter-rotating modes with small azimuthal number m into
Gaussian beams.

Theoretical Study Of Losses In A 170 GHz Gyrotron with Confocal
Resonator

Youwei Yang

No. 328, Section 1, Changshun Avenue, Chengdu

In this paper, ohmic loss and diffraction loss in a 170 GHz gyrotron with
confocal resonator are introduced. Taking all the components of magnetic field
into account, the ohmic loss of a 170 GHz confocal cavity gyrotron is
investigated. The results show that the averaged ohmic loss densities on the
confocal gyrotron have similar changes along with the axial direction in the
cavity. The diffraction loss has different longitudinal distribution, and it's
proportional to the power. The ohmic loss is found to be much smaller than the
diffraction loss, so the corresponding quality factor is much larger. What's
more, it's found that the width of mirror has little influence on the ohmic loss,
while the diffraction loss is very sensitive to it.

Design Of A 28GHz Third Harmonic Gyrotron
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Zhuofeng Li'; Kai Jia®; Yinghui Liu?
1Qingshuihe Campus of UESTC, No0.2006, Xiyuan Avenue, West Hi-tech

Zone, Chengdu; 2Qingshuihe Campus of UESTC, No.2006, Xiyuan Avenue,
Chengdu

By using the self-consistence non-linear theory and stabilization theory, we
have analyzed and designed a 28 GHz third harmonic gyrotron. Different
factors including pitch factor and magnetic field are considered for attaining the
highest at a beam voltage of 30KV and a beam current of 1.05A. The
maximum output power of the gyrotron can reach 7.67kw with an efficiency of
24.36%.

Bowtie Loaded Meander Antenna With Asymmetric Multi-source
e e Mo-P1-30
Excitation

Mei Yul; Jin Shi2; Weiwei Xu3; Huabing Wang3; Jian Chen3; Peiheng wu?
1Seyuan Road 9, Nantong; 2Seyuan Road 9; *Xianlin Avenue 163

For some applications the performance of the superconducting devices is
limited by the fairly low impedance of the Josephson junction (JJ). Series JJ
structure is a good choice to improve the impedance of the device so as to
realize the impedance matching with the coupled antenna. Previously, we have
proposed a novel antenna named bowtie loaded meander antenna for
superconducting JJ devices. In this work, series simultaneous excitation in this
antenna for series JJs is presented. The influence of asymmetric excitation on
the antenna is mainly discussed at terahertz band. F-parameters, instead of S-
parameters were introduced for the multi-source excitation. In addition,
combined surface current distribution and radiation patterns are studied to
characterize this multi-source excited antenna.

Effects Of Stoichiometric Ratio Of NbN Films On The Performance Of

Hot Electron Bolometer Direct Detection Mo-P1-31

Hongkai Shi; Runfeng Su; Tao Xu; Yijun Zhe; Xiaoqing Jia; Lin Kang; Xuecou
Tu; Jian Chen; Peiheng Wu

Xianlin Ave 163, Nanjing

The stoichiometric ratio of thin films may affect their electrothermal properties,
thereby affecting the sensitivity of devices. We fabricated superconducting
NbN/NbSNG6 hot electron bolometer terahertz detector using NbN films with
different stoichiometric ratio. The current-voltage characteristics and terahertz
response of the devices were preliminarily characterized. Next, we will further
study the electrothermal properties of thin films and their impact on device
performance.

Stabilization Of Lasing Frequency Of THz-QCLs In Free-running Using
An External LED Light

Yoshihisa Irimajiri

4-2-1, Nukui-kita, Koganei, Tokyo

We are investigating long-term stabilization of terahertz quantum cascade
lasers (THz-QCLs) which would be important for observations of spectral lines
of astronomical or atmospheric molecules in future space missions. We have
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already demonstrated consecutive phase-locking of a THz-QCL in ~8 days by
suppressing a slow drift of the lasing frequency using an enclosure to prevent a
water vapor adsorption on the laser device. We also confirmed ~35 consecutive
days of frequency drift less than 10 MHz in free-running. In this measurement,
we measured the lasing frequency in free-running hops by the ambient light.
We suppressed this frequency hopping by continuously illuminating the device
using a LED light. We have updated the record to two weeks using this system
for a 3 THz-QCL.

MBE Growth Of 3 puM-thick InGaSb/AlInGaSb QCL Structures
Hiroaki Yasuda; Norihiko Sekine; Iwao Hosako

4-2-1, Nukui-Kitamachi, Koganei, Tokyo

We proposed the use of the InGaSb/AlInGaSb material system to improve
THz-QCL performance. We performed molecular beam epitaxy (MBE) growth
of 3 um-thick InGaSb/AlInGaSb QCL structures on GaSb substrates. The
threading dislocations were found locally. The dislocation density in the QCL
layers increased compared to the samples with thinner QCL layers.

Sheet-Beam Higher Order Mode Extended Interaction Oscillator At
0.34THz

Jin Han'; Tianzhong Zhangz; Rongxing Zeng2
1Chengdu, Chengdu; 2chengdu

In this paper, a sheet beam EIO operates in the TM31-21? higher-order-mode to
increase the cavity size which in turn increases the power-handling capability
and relaxes the high machining-precision requirement at 0.34THz is designed.
The best operating voltage and operating mode are obtained by analyzing the
dispersion curve and R/Q competition in different modes. The PIC predicts the
continuous wave output power of extended interactive oscillator tube at
0.34THz is 180.5W when the output is TE10 mode.

Additive Manufacturing And Characterization Of Hollow Core Metal And
Topas waveguides For Sensor Systems

Abhijeet Shrotril; Amlan kusum Mukherjeez; Sven Lohoefenerl; Andre
Springerl; Oliver Stuebbe'; Sascha Preu’
1Campusallee 12, Lemgo; ?MerckstraBe 25, Darmstadt

Additive manufacturing provides a lucrative alternative for manufacturing of
functional prototypes. This paper depicts the manufacturing and
characterization of hollow core waveguide prototypes with circular cross-
section using suitable metal and polymers for Terahertz sensing applications.
These additively manufactured waveguide prototypes are characterized from
0.1 to 1.25 THz to evaluate the attenuation and coupling losses. The additively
manufactured waveguides using stainless steel and TOPAS polymer material or
combination of both of these materials yields a novel approach of cost-efficient
manufacturing and testing of prototypes with expeditious errorelimination.
These waveguide prototypes are applicable as a building block for disposable
sensor systems applications such as in food industry, medicine and
biotechnology.

Dielectric Properties Of Epoxy Composites Based On Ferroelectric And
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MWCNTs At THz Frequency Range Mo-P1-36

Alexander Badin; Tatyana Shematilo; Victoria Moskalenko; Diana Pidotova;
Daria Frolova; Kristina Lang; Grigorii Kuleshov
Lenina av.36, Tomsk

Results of research of dielectric properties of composite materials based on
epoxy, BaTiO3 nanoparticles and multiwalled carbon nanotubes at 0.1--1.1
THz frequency range were presented. Influence of MWCNTSs concentration in
ferroelectric composite on dielectric properties is shown.

Terahertz Spectroscopy On CO2-CH4 f3-hydroquinone Clathrate

Replacement Reaction Mo-P1-37

Katharine Bancroftl; Johanna Koelbell; Michael Ruggieroz; Daniel Mittleman

1Department of Engineering, 184 Hope St, Providence; 2Department of
Chemistry, 82 University Pl, Burlington

Gas clathrates contain more of the earth's hydrocarbon resources than all other
forms combined, and therefore provide both a source of energy and an option
for carbon sequestration. We performed a gas replacement reaction in
hydroquinone clathrate in a high pressure cell, first creating a CO2 clathrate
and then replacing the CO2 with CH4, and observed the spectra continuously
throughout both reactions with terahertz time domain spectroscopy. The
absorbance spectra show the initial enclathration phase transition and the
replacement reaction from CO?2 clathrate to CH4 clathrate.

THz Spectroscopy Of Cometary Simulants Mo-P1-38
Linus Stockli; Mathias Brindli; Daniele Piazza; Rafael Ottersberg; Axel Murk;

Antoine Pommerol; Nicolas Thomas

Sidlerstrasse 5, Bern

A novel approach is reported to study the viability of applied THz spectroscopy
to perform relevant in-situ measurements of cometary nuclei and other future
space missions.

18:00 - 19:30

Foyer (4th

Poster Session 2 floor)

Quantification Of Anomalous Blueshifting With Increasing Temperature
In The Terahertz Modes Of D-Glutamine

Thomas Sanders; Jackson Allen; Joseph Horvat; Roger Lewis

Northfields Ave, Wollongong

Mo-P2-01

New modes in the terahertz spectrum of D-glutamine have been found in the
first low-temperature measurements. With a high-purity sample and
temperatures as low as 6 K, eight intrinsic absorptions of D-glutamine in the
frequency range below 4 THz have been identified. Tracking the frequency of
the modes with temperature reveals anomalous blueshifting indicative of
complex intermolecular hydrogen bond dynamics.

Nonlinear Study For Pair-Breaking In Superconducting Films Under

Intense Terahertz Radiation Mo-P2-02

Jie Tian; Hao Zhang
20 Daxuecheng East Road, Shapingba District, Chongqing



We study the effect of a strong and low frequency electrical field on a
superconducting state. It is found that the superconducting gap decreases with
the field intensity and wavelength. Physical mechanism for this dependence is
the multi-photon absorption by a superconducting electron. By constructing the
state of a superconducting electron dressed by photons, we determined the
dependence of the superconducting gap on and temperature. We show that the
critical temperature is determined by the parameter, which is distinct from that
induced by the heating effect. The result is consistent with experimental
findings. This result can be applied to study the terahertz (THz) nonlinear
superconducting metamaterials.

Electro-Optical Determination Of The Spectral Characteristics Of

Components For THz-based Plasma Diagnostic Mo-P2-03

Marco Zerbinil; Massimo Alonzo> ; Luca Senniz; Andrea Taschinz; Andrea

Doria'; Emilio Giovenale'; Giuseppe Galatola-Teka'

1via Enrico Fermi, 45, Frascati; 2via E. Fermi, 45

We will discuss a versatile Electro-Optical (EO) THz TDS spectrometer,
realised to specifically target the measurement of materials and components of
FIR and THz Plasma Diagnostics for Nuclear Fusion experiments, then show
the main results achieved to date and the comparison with Photoconductive
type spectrometry data.

The Method For Removing Splits In The Phase Singularity Of An Optical
Vortex Generated By A Spiral Mirror Mo-P2-04

Yuki Gotol; Toru I Tsujimuraz; Shin Kubo?
1322—6, Oroshi-cho, Toki; 21200 Matsumotocho, Kasugai

This study discusses method for removing splits in the phase singularity of an
optical vortex generated by the spiral mirror in the millimeter-wave regime
from a numerical calculation perspective. The splits of the phase singularity
occurs when the mirror surface has a structure where the height varies linearly
with azimuthal angle 0. It is demonstrated that a new design method can
eliminate the phase singularity split. This mirror surface is formed by satisfing
the condition where the difference between the incident equiphase front of
Gaussian beam and the desired reflected equiphase front of optical vortex is
constant. Furthermore, this method can also generate optical vortices with
arbitrary focal point.

Current Status Of The ECH Gyrotron System On The DIII-D Tokamak Mo-P2-05
Yuri Gorelov; Antonio Torrezan; Mike Ross; Nikolai de Boucaud; Perry
Nesbet; Alex Laut

3550 General Atomics Court, San Diego

The ECH gyrotron system at DIII-D consists of five 110-GHz Communications
and Power Industries (CPI) diode tubes with non-depressed collectors currently
available for plasma experiments in the 2023 campaign. In addition, one
recently repaired CPI gyrotron with a depressed collector has begun testing.
The RF power is injected into DIII-D via four dual equatorial electron
cyclotron (EC) launchers, as well as two top EC launchers. DIII-D is currently



preparing to design and install a fifth dual launcher and two transmission lines
to accommodate new ITER-like, multifrequency gyrotrons in 2025
Rhodochrosite At High Temperatures: A Terahertz Perspective On
Structural Dynamics

Naini Bajaj L Aparajita Bandyopadhyayz; Amartya Sengupta1

1Department of Physics, New Delhi; 2DRDO-Industry-Academia Center of
Excellence, New Delhi

Molecular orientations and structural distortions are the essential properties that
enable us to understand how molecules respond to varying thermodynamic
conditions of temperature (T) and pressure (P). The optimization of these
properties under such conditions has repercussions in the field of geology and
materials science. In this paper, we describe the comprehensive results of
Terahertz (THz) and infrared (IR) spectroscopy on the naturally extracted
mineral Rhodochrosite (MnCO3) at temperatures from ambient (25°C) to
800°C in the broad spectral range of 6.6 - 3000 cm-1. This study shows how
molecule orientations and lattice modes affect bonding and structural properties
under different thermodynamic conditions of T. Hence, the results of this study
showed the importance of changes in lattice modes and molecule orientations,
which are investigated using vibrational spectroscopic techniques and are in
charge of bringing about structural phase transitions.

Further Optimization Of Resonant GHz Wave Absorption Coatings

Andreas Hentrichl; Burkhard Plaumz; Andreas Killinger3; Giinter Tovar'

leaffenwaldring 31, Stuttgart; szaffenwaldring 31; 3Allmandring 7b

High power stray radiation is a problem that affects heating systems of fusion
reactors. Due to the harsh environment in such a device an absorption
mechanism was investigated in both experiment and modeling, which allows
the use of thermically and chemically very stable ceramic coatings, while
providing very good absorption. A transfer matrix model was designed to
overcome the limitations of the previous model, which was shown to be
consistent with both this and also measurements. This allowed for the
optimization of both multi-layer coatings and the material proportions of
compound materials. Estimates for material parameters depending on these
proportions was provided for aluminum-titanium oxide compound materials at
170Ghz. It was shown, that both proportion optimization and multi-layer
thickness optimization result in much better absorber coatings than single layer
thickness optimization. Both advanced optimizations lead to a very similar
improvement of absorption properties, the stacking order in the case of multi-
layer materials was shown to be not a relevant factor.

Time Resolved Hyper-Raman Surface Spectroscopy Of (100) Silicon
Laetitia Dalstein; Marc Tondusson; Jerome Degert; Eric Freysz

351 cours de la liberation, Talence

We performed time-resolved Hyper-Raman spectroscopy of a (100) silicon
wafer upon its excitation by a near IR optical pulse. Upon excitation of the
silicon wafer by the optical pulse, we record the broadening and increase of the
Stokes and anti-Stokes bands centered around the Si lattice phonon and SiO2
mode centered at ~610 cm-1 and ~1100 cm-1, respectively. This unique technic
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makes it possible to reveal the electron-phonon scattering which thermalizes
the hot carriers with the lattice on time scale of 100 to 300 fs.

Terahertz And Dc Conductivity Of Pyrolyzed Photoresist Films

Justinas J orudasl; Hamza Rehmanz; Georgy Fedorovz; Maria Cojocari2; Petri
Karvinenz; Andrze;j Urbanowiczl; Daniil Pashnevl; Irmantas Kasalynasl; Yuri
SViI‘ka; Polina Kuzhilr2

ISauletekio ave. 3, Vilnius; 2Yliopistokatu 7, Joensuu

Pyrolyzed photoresist films (PPFs), of 150 nm thickness were developed via
vacuum annealing of a photoresist. The high frequency conductivity of PPF
was investigated via contactless THz time-domain spectroscopy (TDS). The
PPF sheet resistance was found to be comparable to that of CVD graphene. Our
findings open a path for simple and scalable fabrication of graphitic-film-based
high frequency nanocircuits.

Terahertz Time-Domain Spectroscopic Study Of Boson Peak Of
Hydrogen-Bonded Glass-Forming Glycerol

Dan Kyotanil; Soo-Han Ohl; Yasuhiro Fujiiz; Suguru Kitani- ; Yohei
Yamamoto'; Tatsuya Mori!
1University of Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki; Ritsumeikan

University, 1-1-1 Noji-higashi, Kusatsu, Shiga; 3 Tokyo Institute of Technology,
4259 Nagatsuta-cho, Midori-ku, Yokohama, Kanagawa

The universal excitation of glass, the boson peak (BP), was detected by
terahertz time-domain spectroscopy in glassy glycerol, and the interaction
between the BP and terahertz light was investigated. The BP frequency of the
observed infrared spectra is about 1.4 times higher than that of the vibrational
density of states spectra. Furthermore, the difference causes in the infrared light
vibrational coupling constant (CIR(V)), a linear behavior in the vicinity of the
BP frequency. This behavior deviates from the CIR(v) = A + Bv2 predicted by
the Taraskin model and implies the need to modify the model.

Generation Of The THz Spin Current In Hematite Contributed By Spin
Seebeck Effect

Hongsong Qiu

163, Xinlin Street, Nanjing

The THz response provides deep insights into the study of spin injection in
antiferromagnetic structures. The THz spin current can be generated in the I+-
Fe2O3/Pt structure via the ultrafast spin Seebeck effect. Compared with the
prototype structure YIG/Pt for the ultrafast spin Seebeck effect, the spin current
dynamics in the I+-Fe203/Pt structure are faster. The distinct behavior in +-
Fe203 may be attributed to the unexpected contributions from other
mechanisms. Our finding is an important step towards a better understanding of
THz current generation in antiferromagnetic structures.

Observation Of Anthracene Crystallization Under Irradiation Of
Terahertz Free-Electron Laser

Youwei Wangl; Mihiko Maruyamal; Masato Ota'; Kosaku Kato'; Verdad C.
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Agultol; Valynn Katrine Mag—usaral; Hiroshi Y. Yoshikawa'; Katsuo
Tsukamoto'; Yuka Tsuri?; Goro Isoyama3; Takashi Onuma®; Ryutaro
Shimada4; Tomohiko Tateshima4; Kazufumi Takano> ; Yutaro Tanakal;
Shigeyoshi Usamil; Masayuki Imanishil; Mori Yusukel; Masashi Yoshimural;
Makoto Nakajima1

126 Yamadaoka, Suita; Division of Materials Science, Nara Institute of S,
Tkoma; °8-1, MIHOGAOKA , IBARAKI; *Minamiyoshinari, 6 Chome-6-3,
Sendai; °1-5 Shimogamo Hangicho, Sakyo Ward,, Kyoto

We investigated the THz-FEL irradiation of a supersaturated solution of
anthracene-cyclohexane and demonstrated the THz-FEL-induced
crystallization of anthracene. A unique burst phenomenon was observed and
found to be a precursor to the crystallization.

Temperature Dependence Of The Conductivity Of InSb Measured By
Terahertz Time-Domain Spectroscopy

Shuang Liul; Verdad C. Agultol; Toshiyuki Iwamotoz; Kosaku Katol; Valynn
KATRINE Mag—usaral; Masato Otal; Shamika Dolas3; Nathan Newman3;
Liviu Nedelcu4; Masahiko Tani” ; Masashi Yoshimural; Makoto Nakajima
126 Yamadaoka, Suita; 2Nirasaki; 3Tempe, Arizona; 4Bucharest-Magurele;
>Fukui

Mo-P2-13

1

In this study, we characterized the temperature-dependent electrical
conductivity properties of undoped and lightly doped bulk InSb samples using
terahertz time-domain spectroscopy. We obtained the permittivity spectra at
low temperatures and analyzed the carrier density and mobility by fitting the
spectra to the Drude model. Based on our analysis, we show the temperature
dependence of the optical constants and explain the underlying physical
mechanisms for the observed behavior. Our results provide important insights
into the electronic properties of InSb.

A HEMT-embedded Metasurface For Terahertz Beam-Scanning Based On
Amplitude-Phase Quantization Error Optimization

Tianyu Hu; Feng Lan; Yaxin Zhang; Tianyang Song; Luyang Wang; Ziqiang
Yang

NO.2006, XIyuan Ave, West Hi-Tech Zone, Chengdu, C

Mo-P2-14

Terahertz reconfigurable metasurfaces for beam steering have long-standing
suffered from non-ideal amplitude and phase modulation. Herein, via an
effective bottom-up solution combining optimizations of the array encoding
efficiency and array-level coding, a 1-bit THz HEMT-controlled metasurface
with minimized amplitude-phase quantization error and enhanced gain has
been achieved.

Two-dimensional Niobium Carbide MXene, Nb2CTx: Intrinsic And

Photoexcited Carrier Dynamics Mo-P2-15

Andrew M. Fitzgeraldl; Kateryna Kushnirl; Emily Sutherlandl; Erika Colin-
Ulloa'; Tarek El-Melegyz; Mary Hassig2; Julia Martin'; Ken Ng03; Ronald L.



Grimml; Joshua R. UzarskiS; Michel W. Barsoumz; N. Aaron Deskinsl;
Lyubov V. Titova!

1100 Institute Rd, Worcester; 23300 Chestnut St, Philadelphia; 315 General
Greene Ave, Natick

Garnering attention for high conductivity, nonlinear optical properties, and
more, MXenes are water-processable 2D materials that are considered
candidates for applications in electromagnetic interference shielding,
optoelectronic and photonic devices among others. Herein we investigate the
intrinsic and photoexcited conductivity in Nb2CTx, a MXene with reported
high photothermal conversion efficiency. DFT calculations show that hydroxyl
and/or fluorine-terminated Nb2CTx (Tx = OH or F) is metallic, in agreement
with THz spectroscopy, which reveals the presence of free charge carriers that
are highly localized over mesoscopic length scales. Photoexcitation of
Nb2CTx, known to result in rapid heating of the crystal lattice, is found to
produce additional free carriers and a transient enhancement of
photoconductivity. Most photoexcited carriers decay over the sub-picosecond
time scales while a small fraction remain for much longer, sub-nanoseconds,
times.

Magnetostatic Field Assisted Tunability And Polarization Conversion In
Patterned Graphene Terahertz Metamaterials

Zesen Zhou'; Zhilong Gan'; Fanqi Mengz; Lei Cao'

1Huazhong University of Science and Technology, Wuhan; %Frankfurt am Main
Graphene metamaterials are ideal platforms for dynamically controlling THz
waves due to their unique tunability and reconfigurability. However, most
research focused on the electrostatic field based tuning method. Here, we
numerically explored the distinct effect of external magnetostatic field on the
transmission properties of patterned graphene metamaterials (SRR, H-shaped
and eSRR-shaped resonators). Results show that magnetic tuning can serve as
an effective method to modulate the properties of resonances. Additionally,
polarization conversion and Faraday rotation in graphene metamaterials
induced by magnetic field is analyzed. Our results will provide a new routine
for the realization of tunable and functional graphene-based THz devices.

A Physics-driven Neural Network Framework For End-to-end Inverse
Design Of Metasurface-based Holograms

Wei Wei; Ping Tang; Jingzhu Shao; Jiang Zhu; Xiangyu Zhao; Chongzhao Wu
No. 800 Dongchuan Road, Minhang District, Shanghai

A novel unsupervised deep neural network framework driven by a physics
model is introduced to design metasurface-based holograms. The proposed
framework shows perfect reconstructions of holographic images with a shorter
prediction time, higher peak signal-to-noise ratio and better structural similarity
compared with the conventional Gerchberg-Saxton algorithm. An end-to-end
design of metasurface-based holograms without requirements of complete light
modulation is demonstrated. The proposed framework opens up a new
approach to inverse design of metasurface-based photonic devices.

Reconfigurable Sub-terahertz Transmission And Reflection Integrated
Metasurfaces Synergizing Polarization-encoding And Wavefront

Mo-P2-16
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Manipunation

Lan Chen'; Feng Lan’; Tianyu Hu?; Tianyang Songz; Luyang Wangz; Yaxin
Zhangz; Zigiang Yang2

1Chengdu ,China, Chengdu; 2Chengdu ,China

Reconfigurable multifunctional metasurfaces operating in both transmission-
reflection (TR) state is intriguing for full-space coverage and integrated
electromagnetic (EM) waves' regulations. Herein, a sub-terahertz
reconfigurable metasurface consisting of a polarization-oriented coding-block
layer and a grating layer is proposed that not only dynamically regulates the TR
states of the x/y polarizations but also delivers independent TR phase coding.
Unlike conventional TR-integrated reconfigurable metasurfaces, the proposed
design integrates transmission units, reflection units, polarization selectors, and
phase shifters on a single layer. The mechanisms of polarization regulation and
phase shift are elucidated by the surface current distributions. As a proof-of-
concept, a 1-bit sub-terahertz coding metasurface under different diode-state
combinations attains a polarization-diverse full-space beam steering in a wide
angular range. The proposed metasurface offers a feasible route to enable
multifunction-integrated full-space wireless communication.

Active Terahertz Metasurface Devices Mo-P2-19
Yan Zhangl; Xinke Wangz; Guocui Wang2

Xisanhuan Beilu 105, Beijing; Xisanhuan Beilu 105

Active functional wavefront modulation devices provide an approach to neatly
control terahertz beams for high resolution imaging and communications. Two
approaches for actively control of metasurface devices are demonstrated. One
is mechanical rotating and another one is frequency selective optical pumping.
Bessel beams with different order can be generated by relative rotating two
metasurface and the part of a holography image can be controlled by selecting
the frequency of pump light. Both two methods can enhance the function of
terahertz metasurface devices.

Active Broadband Terahertz Metasurface Based On Mechanical Mo-P2-20
Deformation Of Liquid Crystal Elastomer

Xiaolin Zhuangl; Jiangiang Gu'; Wei Zhangz; Youwen An'; Dan Luo?

No0.92 Weijin Road, Nankai District, Tianjin; 2No.1088 Xueyuan Avenue,
Nanshan District, Shenzhen

Active metasurfaces are emerging as the core of next-generation optical
devices with their tunable optical responses and flat-compact topography.
Liquid crystal elastomer (LCE) provides a very attractive platform for active
metasurfaces due to its excellent optical/thermal-induced mechanical
deformation properties. Here, the LCE-based terahertz metasurface is presented
to control the phase and amplitude of the transmitted cross-polarization
component according to the generalized Snell's law. The results pave the way
for the development of reconfigurable metasurfaces based on mechanical
deformation.

Graphene-Integrated Metasurface For THz Reconfigurable Polarization Mo-P2-21



Converter

Lizhao Song; Andrew Squires; Jia Du

36 Bradfield Road, Lindfield

A terahertz graphene-integrated metasurface is designed for an electrically
tunable polarization converter. A graphene/gold bilayer topology is developed
to facilitate electrical tunability, while achieving good device performance.
Good tunability of the polarization status at a fixed frequency and frequency
tuning for a fixed polarization status has been demonstrated successfully

Electric-Field-Coupled Inductive-Capacitive Resonators For Terahertz

Electromagnetically Induced Transparency Metamaterials Mo-P2-22

Haotian Lingl; Zhaolin Li%; Ke Li?; Ruiqi Zhao'; Pengfei Ma'; Yongping
Zhoul; Jingxuan Lil; Xiaoyu Xul; Yu Fengl; Yevhen Yashchyshyn3 ; Xudong
Zou'; Yifei Zhang2

No A4, Gongyebei Road, Jinan City; 2N0.27, Shandanan Road, Jinan City,
Shandong Provin; 3Warsaw

Electromagnetically induced transparency (EIT) metamaterials (MTMs)
address the enhancement of non-linear susceptibility and the control of the light
group velocity, which enable them to find many fascinating applications in non-
linear optics, slow-light devices, and quantum memories. Typically, an EIT
MTM unit is constructed of a cut-wire (CW) acted as a bright-mode resonator
and some split-ring resonators (SRRs) operated as dark-mode resonators. In
this work, two kinds of electric-field-coupled inductive-capacitive (ELC)
resonators with pure electric response rather than traditional SRRs with
magnetic response are first proposed to mimic the EIT effect at terahertz
frequencies. Both of the employed ELC resonators are axial and central
symmetry instead of fourfold rotational symmetry, and thus they only couple to
electric field component of the CWs in the proposed EIT MTMs. The Fano-
type destructive interference between the CWs and ELC resonators leads to the
EIT effect, which is verified by simulation and experimental results. This work
provides a new method for the structural design of EIT MTMs, and opens up
the possibility for some important functions of active EIT MTMs, such as the
frequency shift of the EIT effect.

CRISPR/cas12-powered Platform For Specific And Sensitive Detection Of

CtDNA Using A Terahertz Metamaterial Biosensor Mo-P2-23

Jianfang Zhu; Jingjing Zhao; Zhengfang Qian; Shuting Fan

3688 Nanhai Road, Shenzhen, Guangdong Province

We developed a terahertz sensing platform based on the combination of the
CRISPR-cas12a systems, DNA-Au probe, and metamaterial biosensors. The
CRISPR-Cas12a systems can cleave unspecific single-strand DNA into two
fragments which cross-link the DNA-Au probe onto the metamaterial surface,
achieving sensitive and specific detection of the target circulating tumor DNA.

Morphological Dependence Of All-dielectric Terahertz Metasurfaces Mo-P2-24
Jisoo Kyoung

Dankook University 119, Dandae-ro, Dongnam-gu, Cheonan-si

All-dielectric metasurface has been attractive attention in terahertz spectral

range for low loss planar optical elements such as lens, beam splitter,



waveplate, vortex plate, and magnetic mirror. Various shapes of meta-atoms are
used in many studies, but no systematic comparison study between each shape
has not been reported. In this work, we report the optical properties of various
shapes of metasurfaces through finite difference time domain (FDTD)
simulation. For pillar type all-dielectric metasurface, it is the area, not the
detailed shape, of the cross section that determine the phase. Therefore, with
the square lattice geometry, the square shape meta-atom shows best
performance in terms of full phase control at the lowest pillar height with
negligible polarization dependence.

Multi-band Terahertz Switch Realized With Plasmon-induced
Transparency Based On A Graphene Metamaterial Structure

Youpeng Yang; Shuting Fan; Zhengfang Qian

3688 Nanhai Road, Shenzhen, Guangdong Province

In this paper, a multi-band terahertz switch was proposed based on the
plasmon-induced transparency (PIT) effect induced by an asymmetrical square
split-ring resonator of graphene. Four "on" and "off" switching bands within
0.3 to 1.2 THz were realized by tuning the Fermi energy level of graphene.

Metamaterial Fresnel Zone Plate For Backward Terahertz-wave
Parametric Oscillator Applications

Yuehong Xul; Hiroaki Minamidez; Tetsu SuzukiS; Zhengli Han”
1RIKEN, 519-1399 Aoba, Aramaki, Aoba-ku, Sendai, Miyagi 980-0845, Japan,
Sendai; ZRIKEN519-1399 Aoba, Aramaki, Aoba-ku, Sendai, Miya; SRIKEN ,

519-1399 Aoba, Aramaki, Aoba-ku, Sendai, Mi; “ Anker Engelunds Vej 101
2800 Kongens Lyngby

Metamaterial-based Rayleigh-Wood Fresnel-zone-plate (FZP) thin-film lenses,
utilizing planar diffractive technology with artificial structures and
subwavelength thickness, offer a flexible and distinctive optical design
platform for terahertz (THz) applications. In this study, we designed a
metamaterial-based and polarization independent FZP thin-film lens that can
focus a monochromatic THz beam at 305 GHz with a high transmittance of
80% and a focal length of 78.7 mm. It can improve the shortcomings of
traditional dielectric lenses and will be applied in an integrated backward THz-
wave parametric oscillator (BW-TPO) system.

Electromechanically Reconfigurable Plasmonic Cantilevers

Hyeong Seok Yun; Xiu Liu; Sheng Shen
5000 Forbes Ave, Pittsburgh

We propose electromechanically reconfigurable nanogap cantilevers to
overcome the pull-in instability limit of nano-opto-electromechanical
metasurfaces by broadening plasmonic gaps. Finite element (FEM) simulations
show that the electromechanical deformation in our asymmetric cantilever pair
results in a gap 30 times wider than the initial value of 1 nm. As a result, the
nanogap cantilever pair can function as a tunable plasmonic antenna with
excellent optical performances. The simple geometry with efficient opto-
mechanical coupling paves the way for the improvement of active metasurfaces
and electromechanical tuning.
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Mutual Coupling Effects Between Meta-atoms For Enhanced Bandwidth
Surya Revanth Ayyagaril; Alexey Basharin?; Simonas Indrisiﬁnas3; Daniil
Pashnev’ ; Vytautas J anonis3; Polina Kuzhir4; Irmantas Kasalynas3
ISauletekio al. 3, Vilnius; 2Joensuu, Joensuu; 3Sauletekio al.3; *Joensuu

We analyzed theoretically and experimentally the inter-element coupling
behavior between the periodic structure's so-called "meta-atoms" by varying
the number of meta-atoms arranged periodically in the array. For this reason a
planar metamaterial consisting of ring-shaped subwavelength periodic
structures on a thin metal film was developed to exhibits a resonant
transparency at the frequency of about 0.35 THz. The cross-talk between the
meta-atoms due to electromagnetic multipole interferences lead to a significant
change in resonance bandwidth and the quality (Q) factor. We anticipate that
found coupling behavior between inter-element with subwavelength
dimensions can potentially be used for a variety of applications such as filters,
multi-pixel emitter and detector arrays, etc. for broad THz frequencies.

Ultra-broadband Impedance-matched Terahertz Absorption Of Drude-
Smith Type Thin-film Materials

Tianyu Zhang; Peiyao Xie; Ran Wang; Shenggang Liu; Min Hu

No0.2006, Xiyuan Ave, West Hi-Tech Zone, Chengdu

The complex light-matter interactions could be used to manipulate the
properties of terahertz waves. Based on the intraband transition of single-layer
graphene, which is presented as a typical Drude-type material, efficient
broadband terahertz absorption will be induced. However, the mobility of high-
quality graphene layer is quite large, which means long scattering times and
limits the bandwidth of terahertz broadband absorption. In this work, we
indicate this limitation could be solved by using the Drude-Smith type
materials, which tend to possess a short carrier scattering time and lead to an
ultra-broadband terahertz absorption. If the condition of impedance match is
satisfied, the maximum absorption could achieve ~50%, in the case of
suspension or free space.

Correcting Pixel Errors For Terahertz Spatial Light Modulation Via
Binary Erasure Codes

Zihang waul; Hongxin Zengz; Wei WangS; Shu Liu%; Xilin Zhang2
1University of Electronic Science and Technology of China, Chengdu;
2Chengdu; 3Hebei

In general, if there are some damaged pixels in a terahertz spatial light
modulation based on metasurface, then the metasurface can not image
correctly. In this paper, our main contribution is to introduce error-correcting
codes to correct erasure errors in the imaging system of the terahertz spatial
light modulation. Firstly, we analysis the pixel error is equivalent to the erasure
error in coding theory. Secondly, we shows that our binary erasure code with
minimum distance d which can correct d-1 erasure errors in the imaging
system. Then, by time division multiplexing, it helps to save resources and
improve the error-correcting capability. Finally, Our simulation shows that a
binary [27, 16, 6]-erasure code can correct 5 pixel errors for a 4x 4 array size
terahertz spatial light modulation based on metasurface.
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Infrared Photocurrent Imaging And Spectroscopy With An Atomic-force- Mo-P2-31
microscopy Probe

Tommaso Venanzil; Valeria Gilibertiz; Maria Eleonora Temperinil; Simone
Sotgiul; Raffaella Politol; Francesco Mattioli3 ; Camilla Coletti4; Stefano
Roddaro® ; Leonetta Baldassarrel; Michele Ortolani'

Ipiazzale Aldo Moro 2, Dipartimento di Fisica, Rome; 2Viale Regina Elena
291, CLN2S, Rome; 3Via Fosso del Cavaliere, Rome; “NEST - Piazza S.
Silvestro, 12, Pisa; 3 Department of Physics, Largo Pontecorvo, Pisa

We demonstrate a new setup where the photocurrent excited in graphene by
mid-infrared quantum cascade laser pulses is collected with an atomic force
microscopy probe (PC-AFM). The setup can measure the infrared
photoresponse of devices with nanometric spatial resolution, but it can also be
used as a novel infrared nanospectroscopy technique. We have tested our setup
on a single-layer graphene stripe deposited on a S102/Si substrate and
contacted by a metal line. At zero DC voltage bias, we observe a photocurrent
compatible with a photo-thermoelectric effect. Also, we used the setup to apply
a DC electric field to a piezoelectric polymer film and perform electric-field
dependent IR nanospectroscopy so to observe the vibrational Stark effect at the
nanoscale.

Generalized Phase-extraction Of Amplitude And Phase Contrast In
Coherent THz-s-SNOM Based On Laser Feedback Interferometry.
Daniel Mohunl; Nikollao Sulollariz; Paul Dean?

1University of Leeds, Leeds; 2University of Leeds

Mo-P2-32

We report the use of a generalized phase-extraction algorithm to extract
amplitude and phase data in THz scattering-type scanning near-field optical
microscopy (s-SNOM) employing laser feedback interferometry in a THz
quantum cascade laser. Our approach allows for only a small number of
measurements of the self-mixing voltage, thus greatly improving acquisition
rates. We investigate the accuracy of this method experimentally and
demonstrate its use for fully coherent imaging of the out-of-plane field
supported by an individual micro-scale resonator. Furthermore we report a
dual-modulation approach that allows direct electronic measurement of the
complex scattered field without recourse to fringe fitting.

A Terahertz Absorption Modulator Based On GaAs Schottky Diodes Mo-P2-33

Chunyang Bi'; Sen Gon?; Huajie Liang3; Lin Zou®; Zigiang Yang5 ; Yaxin
Zhang>; 5614

1UESTC, No0.2006, Xiyuan Avenue, West Hi-tech Zone; 2UESTC, No.2006,
Xiyuan Avenue, chengdu; 3Huzhou Key Laboratory of Terahertz Integrated
Circ, chengduhuzhou; “Huzhou Key Laboratory of Terahertz Integrated Circ,
No0.2006, Xiyuan Avenue, chengdu; > No0.2006, Xiyuan Avenue, West Hi-tech
Zone, No.2006, Xiyuan Avenue, chengdu; 6

This paper presents a terahertz absorption modulator based on GaAs diodes



with a multi-branch microstrip branch parallel design method. Experimental

results show that the modulator has a minimum insertion loss of 7.8 dB with an

i1solation of 20 dB, and a bandwidth with a VSWR less than 1.5 of 60 GHz. The

minimum VSWR between 200-210 GHz was 1.1, and a maximum single-tone

modulation rate of 32 GHz was measured. The experimental results show that

the designed absorption modulator performs good ON-OFF effect and excellent

absorption characteristics, as well as a high modulation rate, with the

possibility of realizing terahertz high-speed signal transmission modulation.

A Low Insertion Loss 140GHz Terahertz Modulator Based On GaAs-

diodes Mo-P2-34

Jinlong You'; Shixiong Liangz; Kesen Ding3; Hao Yi’; Sen Gong3; Yaxin
Zhang3; Wei Wang4

No. 2006, Xiyuan Avenue, Hi-tech Zone (West Zone), Chengdu, Sichuan
Province ,China, Chengdu; 2Shijiazhuang 050051, China, Shijiazhuang; 32006

Xiyuan Avenue, Hi-tech Zone (West Zone), Chen, Chengdu; 4113 Hezuo Road,
Shijiazhuang 050051, China, Shijiazhuang

An ultra low insertion loss 140GHz terahertz modulator based on GaAs-diodes
is presented in this paper.In this modulator, two Schottky diodes are connected
across a metal structure on the E-side of the waveguide. Terahertz amplitude
modulation is achieved by applying a bias voltage to change the state of the
diode, thereby affecting the propagation of terahertz waves in the
waveguide.Through experimental testing, the modulator can achieve an ultra
low insertion loss of 0.9 dB at 140 GHz, with a modulation depth of up to
99.9%.

A High Power Capacity Terahertz On-chip Modulator Based On SRR Mo-P2-35
Kesen Dingl; Shixiong Liangz; Jinlong You?; Hao Yi®; Wei Wangz; Sen

G0ng3; Yaxin Zhang3

lHuzhou, Huzhou; 2Shijir:tzhuang; 3Huzhou

A high power capacity terahertz modulator based on Split-Ring
Resonator(SRR) is presented in this paper. A double-layer structure is proposed
to improve the switching ratio. The meta-unit and the SRR are distributed on
the upper and lower layers of quartz chip respectively. The SRR improves the
switching ratio by increasing the electric field resonance strength. GaAs
Schottky diodes with large anode diameter are used to increase the power
capacity of the modulator.The experiment results show that the power capacity
of modulator is increased to 50 mW, achieving 5 dB insertion loss and 11 dB
switching ratio at 366 GHz.

Design Of A 220 GHz Terahertz Wide-Band Common Emitter Low Noise
Amplifier Chip

Lian Hu'; Zigiang Yangl; Qingfeng Li%; Qinwen Tongz; Yaxin Zhang1

Mo-P2-36

Xisaishan Road, Huzhou City, Zhejiang Province, Huzhou; 2Qingshuihe
Campus of University of Electronic Scie, Chengdu

This paper presents an integrated low noise amplifier (LNA) based on an ac-
coupled common-emitter topology. In order to improve the amplifier gain, a



seven stage cascade amplification structure was adopted. ADS software is used
to simulate the LNA with operating frequencies ranging from 200 to 240 GHz.
The results show that the small signal gain is 23 dB, the noise figure is 8.8 dB
at 220 GHz, and the 3 dB bandwidth is 20 GHz (210-230 GHz), which validate
of the design.

A 3-bit Terahertz Phase Shifter Based On GaAs Diodes

Huajie Liangl; Shaokang Gu?; Lin Zou'; Shixiong Liang3; Yaxin Zhangz;
Zigiang Yang2

1819 Xisaishan Road, Huzhou, Zhejiang Province, 819 Xisaishan Road,
Huzhou, Zhejiang Province, Huzhou; 2N0.2006, Xiyuan Ave, West Hi-Tech
Zone, Chengdu; 3113 Hezuo Road, Shijiazhuang

Terahertz 360-degree phase shifter is the key to high-speed communications,
terahertz radar. Terahertz on-chip phase shifters possess low insertion loss, high
accuracy, large phase shift range, and crucially, easy integration. We propose a
360-degree 3-bit terahertz on-chip phase shifter based on GaAs diodes, which
consists of a 180-degree reflection phase shift structure and three 45-degree
transmission phase shift units. We utilize a digital code to represent the states
of the diode, the "1" indicates that the diode is on, and the "0" indicates that it
is off. Under 8 coding states from "0,000", "0,001", "0,011",to "1,111", the
phase shifter achieves a 360 degrees phase shift in 45 degrees steps with high
linearity in the 215-225 GHz band. The insertion loss of all 8 states is below 10
dB at 220 GHz.

On-Chip Terahertz Circulator Based On Time-varying Coupled
Resonators

Xuan Shengl; Zigiang Yangl; Huajie Liangl; Lin Zou'; Dan Liangl; Yaxin
Zhang2

1819 Xisaishan Road, Huzhou, Zhejiang, 2006 Xiyuan Avenue, Chengdu,
Sichuan, Huzhou; 22006 Xiyuan Avenue, Chengdu, Sichuan, Chengdu

In this study, a novel on-chip terahertz circulator using time-varying coupled
resonators is designed. The circulator consists of three tunable microstrip
resonators, which enable the control of terahertz signal input and output via a
coupled microstrip structure. In addition, a pair of varactor diodes loaded in
every branched resonator is controlled by a low-frequency sinusoidal signal,
allowing resonance control of that particular branch. Using the principle of
space-time modulation, the phase difference of each control signal is set to 120
degrees, allowing non-reciprocal transmission of the three ports. Simulation
results show that the circulator achieves 8.2 dB insertion loss, 21.1 dB isolation
and 20.3 dB return loss at 0.14 THz, with a bandwidth of 5 GHz for 20 dB
isolation.

This Study Explores The Use Of Passive And Flexible Optics Elements To
Achieve THz Beam Profile Engineering For Imaging Applications Via

Mechanical Bending.

Linas Minkeviéiusl; Rusné Ivaskeviéiﬁté-Povilauskiené1; Vladislovas Cizasz;

Ernestas N aciusz; Ignas Grigelionisz; Karolis Redeckasz; Matas Bernatonisz;
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Sergej Orlov?; Gintaras Valusis’
1Savanoriq ave. 231, Vilnius; 2Savanoriu ave. 231 , Vilnius

This study explores the use of passive and flexible optics elements to achieve
THz beam profile engineering for imaging applications via mechanical
bending. Specifically, a stainless steel-based C-shaped metasurface was
designed and fabricated using laser ablation technology. The metasurface
performance and polarisation manipulation were experimentally evaluated for
different focal distances and geometrical metaatom parameters. Experimental
data are well supported by simulations using the Finite Difference Time
Domain method. The results obtained pave the way to achieve accurate beam
profile engineering and resolved polarisation in THz imaging.

THz High-gain PTFE Low-profile Vortex Antenna

Wenbo Li'; Kai Huangl; Hongxin Zengl; Wei Wangz; Yaxin Zhangl; Zigiang
Yang1

1Chengdu ,China, Chengdu; 2Shijiazhuang ,China

This article presents a THz high-gain PTFE low-profile vortex antenna. The
antenna consists of a feed horn antenna and a PTFE low-profile vortex lens.
The former generates a spherical waves, and the latter is used for collimation
and generating vortex beams. This antenna has a high gain of 29.3 dBi, a
sidelobe level of -17.5 dB, and a high isolation of 35.7 dB when using OAM
modes with 1=+1. It also has the advantage of being lightweight and easy
manufacturing, which has important potential value in areas such as terahertz
wireless communication and mode multiplexing systems.

A Low-Profile CPW-Fed Wideband Terahertz Antenna Based On UC-PBG
Structures For Wireless Applications

Mohammad Alibakhshikenaril; Mohammad M. Fakharian®
"Av. de la Universidad, 30, Leganés; 2Faculty of Engineering, Garmsar

In this paper, a low-profile coplanar waveguide (CPW) fed wideband terahertz
microstrip antenna for wireless applications has been proposed. Uniplanar
Photonic Band Gap (UC-PBGQG) structures as ground planes are combined by the
zero-shaped antenna on the same plane as a radiator on the two sides. A
microstrip line feed is used to excite the proposed antenna placed on a Rogers
RT/Duroid 6010 substrate (dielectric constant Er= 10.2). The antenna is
designed and simulated using the HFSS software. The simulation results show
that the antenna mounted on the UC-PBG ground plane has over 30%
bandwidth with good radiation characteristics.

Terahertz Super-Resolution Image Reconstruction By Frequency Mapping
Ting Zhu'; Guangyou Fangl; Emma Pickwell-MacPherson?; Xuequan Chen!
'Room 501, Building B7, Kai Yuan Da Dao No. 11, Huangpu District,

Guangzhou, Guangzhou; 2Coventry CV4 7AL, United Kingdom
Terahertz images of low frequencies suffer from a low spatial resolution due to
the diffraction limit. Conventional near-field techniques have critical
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requirements on sample types. Here, we propose a purely numerical super-
resolution algorithm based on frequency mapping. It utilizes the ultra-
broadband coherent characteristics of terahertz spectroscopic imaging and
determines the mapping relationship through clustering and genetic algorithms.
Super-resolution images of low frequencies can be reconstructed with a high
accuracy, which is verified by the spectral transmission coefficients.

3-D Printed Dual-band Dual-polarized Metalens Antenna

Yilong Cai; Wengiang Deng; Yuxuan Xie; Shuyan Zhu

Sun Yat-sen University Zhuhai Campus, Zhuhai

This conference paper presents a new all-dielectric dual-band dual-polarized
metalens antenna working at E-band and D-band. Taking advantage of the
flexibility of 3D-printing technology, a two-layer structure including a polarizer
and a metalens antenna can be realized conveniently and cost effectively. The
polarizer converts linearly polarized (LP) incident waves to circularly polarized
(CP) waves at E-band, while converting LP incident waves to cross-polarized
waves at D-band. The metalens antenna transforms the wavefront from
spherical to plane at dual-band. Simulation results demonstrate that the
proposed antenna achieves 3 dB axial ratio (AR) bandwidths of 64.28-87.85
GHz with peak gains of 27.13 dBi for CP waves and peak gains of 28.79 dBi
for LP waves at 127.51-165 GHz.

Terahertz Reflection Vibrometry For Analyzing Metal Foil Displacement
Induced By Single Cavitation Bubble Collapse

Vladyslav Cherniakl; Jan C. Balzerl; Bettar Ould El Mocta2; Hemant Sagar2
Bismarckstr. 8 1, Duisburg; 2Bismarckstr. 69, Duisburg

Cavitation bubbles produced in lower pressure regions, causes erosion and
vibration of ship propeller and other hydro-machinery. Therefore, a major
interest lies in optimizing and designing hydro-machinery to reduce the caused
damage. So far destructive mechanisms on ridged compounds by bubbles are
well understood however, structural vibration of elastic nearby structures is still
a quest. Therefore, fundamental understanding of the dynamics of cavitation
bubbles and resulting structural response of elastic structures e.g. foil must be
investigated. In this work, we present a terahertz reflection measurement setup
to investigate in the effects of single cavitation expositions on metallic surfaces
under water. We compare the measurements with those of a commercially
available optical interferometer.

Emission Angle Of THz Beam From Nonlinear Quantum Cascade Laser
And The Effect Of Imaging Result

Atsushi Nakanishil; Shohei Hayashiz; Hiroshi Satozonoz; Kazuue Fujita2

15000, Hirakuchi, Hamakita-ku, Hamamatsu, Hamamatsu; 25000, Hirakuchi,
Hamakita-ku, Hamamatsu

(THz) nonlinear quantum cascade laser (THz NL-QCL) is small size and easy
to handle semiconductor source. THz NL-QCL is capable of ultra-broadband
emission and can be operated at room temperature. In THz NL-QCL, when
converting from mid-infrared to terahertz wave, a Cherenkov phase matching
scheme is adopted. By adopting Cherenkov scheme, emission angle is slightly
different depending on the terahertz frequency. We found the change of focus
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point caused by the difference of emission angle in the imaging system is
approximately within +0.2 mm by simulation. We confirmed that the difference
of focus point did not affect in spectroscopic imaging.

Evidence Of Capillary Action In Multilayered Fibrous Media Observed
With THz Spectroscopy

Irina Nefedoval; Roman Grigorievz; Aleksi Tamminenzg Helena Rodilla’ ;
Emma MacPherson4; Zachary Taylor2
'P0O. Box 11000, (Otakaari 1B), Espoo; 20Otakaari 24, Espoo; 3Chalmersplatsen

4, Goteborg; Cv4 7AL, Coventry

Here we investigate the applicability of the stratified media model to complex,
multilayered media. THz reflectivity spectra of drying cellulose-based material
show pronounced, frequency-dependent reflectivity reduction below dry
reflectivity. Analysis suggests the remaining water is distributed at the top
surface of the paper thus consistent with a capillary in opposition to gravity.

Terahertz Radar And Deep Learning-Based Detection Of Soft Foreign
Objects In Food Products: An Automatic Inspection Approach

Seungeon Songl; Donghoon Kwak'; Youngduk Kim!; J onghun Lee®

1333, Techno Jungang-daero, Hyeonpung-eup, Dalseong, Daegu; 2333, Techno
Jungang-daero, Hyeonpung-eup, Dalseong-gun, Daegu

This study investigates the feasibility of an automatic detection system for
foreign objects in food using terahertz radar and deep learning techniques. The
experimental setup comprises a terahertz radar source, beam splitters and
collimators, and a terahertz receiver with a 32 x 32, 1024-pixel area scanner.
Received images representing signal strength transmitted through noodles serve
as input for a deep learning model after pre-processing to eliminate noise. A
binary decision is then made on whether the food contains foreign objects or
not.

Qualitative Identification And Quantitative Detection Of ?-lactose
Solutions Using High Power THz-ATR Spectroscopy

Wei Shi'; Haiqing Wangl; Lei Hou?; Lei Yangl; Cheng Ma?; Yusong Zhangl;
Chunhui Li'; Hong Liu!

No.58 Yanxiang Road, Xi 'an City, Shaanxi Province, Xi'an; 2No.58 Yanxiang
Road, Xi 'an City, Shaanxi Province

We present the design and construction of a set of THz-ATR spectrometers for
highly sensitive detection of liquid biological samples. High-power THz-ATR
spectroscopy is effective for the qualitative identification and quantitative
detection of AZA=-lactose aqueous solutions with a minimum concentration of
0.292 mol/L. This approach offers new perspectives for the refinement and in-
depth detection of biomedical samples.

Concept Of A Near-field Antenna-scanner For Mm-wave Applications
David Ulm; Nora Meyne; Kai Baaske; Thomas Kleine-Ostmann
Bundesallee 100, Braunschweig

This contribution presents a concept of a volumetric antenna scanner for the
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mm-wave frequency range. When being used as a near-field scanner, high
mechanical and electrical accuracy is required due to the small wavelengths at
mm-wave frequencies. Possible solutions to meet these requirements and their
impact on the measurement uncertainty are discussed.

Simple And Affordable Spectrum Analyzer For The THz Radiation Range
Pawel Komorowski; Przemystaw Zagrajek; Norbert Patka

gen. Sylwestra Kaliskiego 2, Warsaw

A simple, compact, and cost-efficient setup for the spectral characterization of
sub-THz and THz beams is proposed. It utilizes, the well-known property of
the diffraction gratings to redirect the radiation at an angle dependent on the
frequency. In the presented reflective configuration only a single moving
element is necessary -- a rotary stage. A set of diffraction gratings with varying
constants has been manufactured using laser-cutting and served for the
experimental verification of the setup. The results are consistent with the theory
and prove the feasibility of the THz spectrum analyzer.

Evaluation Of The Reliability Factors On Illicit Drugs On-Site
Identification Based On Portable Terahertz Time Domain Spectroscopy

71 X1 Josie Liml; Nan Zhangl; Wei Ji Phual; Angeline Tangz; Lijie Yuz; Jia Yi
Kwangz; Angeline Tiong Whei Yap2; Lin Ke?

175 Ayer Rajah Crescent, #01-08, Singapore; 211 Outram Road, Singapore; 3
Fusionopolis Way, Singapore

Researchers have developed a portable Terahertz Time Domain spectrometer
(THz-TDS) that can perform on-site analysis without requiring nitrogen
purging. The device was tested on 19 different chemicals, including diluents
and illicit drugs, to verify its capabilities. A database of these chemicals was
also established and their characteristic absorption peaks were verified against
literature reports. The study found that the THz-TDS was capable of
identifying drugs and had good repeatability in various conditions. The
researchers concluded that the THz-TDS has the potential to be a practical and
valuable tool for fast drug detection in the future.

Demonstration Of A 245 GHz Real-Time Wireless Communication Link
With 30 Gbps Data Rate

Ting Zhangl; Hao Zhangz; Xiaojing Huangz; Hajime Suzuki’; J oseph
PathikulangaraS; Ken Smart3; Jia Dul; Jay Guo?

136 Bradficld RD, West Lindfield, Sydney; >Ultimo, Sydney; *Marsfield,
Sydney

A 245 GHz wireless communications system with a data rate of 30 gigabits per
second (Gbps) at a 1.2 m distance is demonstrated. The system consists of low-
complexity and real-time baseband modules to provide the high-speed
wideband signal processing capability. Multi-channel base-band signals are
combined and converted to 15.65 A, A+ 6.25 GHz wideband intermediate
frequency (IF) signals. The demonstration proves the potential for future high-
speed communications beyond 5G technology, especially, for space
applications, such as intersatellite communication where atmospheric
attenuation is negligible.
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Loss And Dispersion Limitations Of THz Surface Wave Links Mo-P2-53
Jie Qingl; Miguel Navarro-Cia’
1Chenghua District; 2Edgbaston Campus

Terahertz surface wave links are proposed for highly integrated on-chip
systems and for specific short-range applications. The metal grating-based THz
surface wave link is analyzed in terms of attenuation and dispersion limitation.
The energy efficiency of the link at a specific structure geometry and operating
frequency is demonstrated, leading to effective guidance for the layout of
terahertz surface wave links.

Blockage Prediction In Directional MmWave Links Using Liquid Time
Mo-P2-54
Constant Network

Martin Hedegaard Nielsen'; Chia-Yi Yeh!; Ming Shen?; Muriel Médard'
150 Vassar St, Cambridge; %Selma Lagerlgfs Vej 312, Aalborg

We propose to use a liquid time constant (LTC) network to predict the future
blockage status of a millimeter wave (mmWave) link using only the received
signal power as the input to the system. The LTC network is based on an
ordinary differential equation (ODE) system inspired by biology and
specialized for near-future prediction for time sequence observation as the
input. Using an experimental dataset at 60 GHz, we show that our proposed use
of LTC can reliably predict the occurrence of blockage and the length of the
blockage without the need for scenario specific data. The results show that the
proposed LTC can predict with upwards of 97.85% accuracy without prior
knowledge of the outdoor scenario or retraining/tuning. These results highlight
the promising gains of using LTC networks to predict time series-dependent
signals, which can lead to more reliable and low-latency communication.

Millimeter-wave--Infrared Multi-wavelength Computed Tomography Mo-P2-55

Daiki Shikichil; Raito Otal; Kou Liz; Daiki Sakail; Takeru Suyama3; Hiroki
Okawa4; Satoshi Ikehata3; Imari Sato3; Yukio Kawano'

4 3-27, Kasuga, Bunkyo-ku; 22-12-1 , Ookayama, Meguro-ku; 32-1 -2,
Hitotsubashi, Chiyoda-ku; 4705-1, Imaizumi, Ebina-shi

Carbon nanotube (CNT) film-based sensors are attracting attention as a

technology that enables ultra-broadband and multi-wavelength optical imaging.

Here, we report on the achievement of nondestructive material identification

and structural reconstruction of a three-dimensional object made of

multilayered composite materials by combining wide-band multi-wavelength
long-wavelength optical imaging using CNT film-type elements and computed

tomography measurement, a typical example of computer vision technique.

System For Automatic Detection Of Defects In Composite Structures Mo-P2-56

Kamil Kaminskil; Norbert Palkal; Marcin Maciejewskil; Marcin Kowalskil;
Elzbieta Czerwinska'; Przemyslaw Zagrajekl; Piotr Synaszkoz; Krzysztof
Dragan2

12 Kaliski Str, Warsaw; 26 Ksiaze Boleslaw Str., Warsaw



This paper presents the concept of a system for the automatic detection of
defects in composite structures using a time domain spectroscopy (TDS)
scanner. The operation of the presented system can be divided into several
stages, i.e. measurement with a high-speed terahertz scanner based on
electronically controlled optical sampling (ECOPS), filtering of the obtained
terahertz signals, peak to peak (P2P) in the slice parameterisation, generation
and selection of the most representative signal features indicating the presence
of a defect and classification of whether a given signal disturbance should be
considered a defect. All elements beyond the measurement stage are realised in
post-processing.

Encoder-Based Synchronization For ECOPS High-Speed Terahertz Raster
Scanner

Marcin Maciejewski; Kamil Kaminski; Norbert Palka

ul. gen. Sylwestra Kaliskiego 2, Warsaw

This article describes the encored based synchronization method for a terahertz
time domain spectroscopy raster scanner build with the commercially available
TeraFlash Smart platform. We used microcontroller with dedicated counter to
combine synchronization signals from various devices included in the scanner.
As a result, a fast scanning mode was obtained which is 25 times faster than
classic step by step approach. The developed system is capable to scan a 500 x
500 mm sample with resolution of 1 mm in about 20 min.

High-resolution Visualization Of The Temperature Changes In A Tissue-
equivalent Phantom For THz Frequencies Using Fluorescent
Thermoprobe

Shota Yamazaki; Maya Mizuno; Tomoaki Nagaoka

Nukuikitamachi 4-2-1, Koganei, Tokyo

The water-rich biological tissues strongly absorb radio waves at THz
frequencies, and then temperature rising occurs in a skin depth of several
hundred micrometers. Therefore, temperature measurements at the skin surface
with high- resolution are required to evaluate thermal effects induced by THz
waves. In this study, we employed a fluorescent thermoprobe which is a
macromolecular sensor for temperature measurement and visualized the
temperature distribution in a tissue-equivalent phantom for THz frequencies
with a high spatial resolution over 100 gm.

Terahertz Time-domain Spectroscopy For The Analysis Of Latex Film
Formation

Gongalo Costa'; Emily Brogdenl; Jacob Youngl; Arturo Hernandez-Serrano;

Rayko Stantchevz; Stefan Bonl; Emma MacPherson'

1University of Warwick, Coventry; ’National Sun Yat-sen University,
Department of Physics, Kaohsiung

THz Time Domain Spectroscopy was used to analyze the thin-latex film
formation process, relevant to the paint industries. Latex solutions with
different properties were analyzed (glass transition temperatures, particle size,
etc.). The study was done under different environmental conditions and 2D
water distribution maps as a function of their drying period were produced.
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Advanced Experimental Investigations On Cooling Concepts Of Cavities Mo-P2-60
For Megawatt-Class CW Gyrotrons

Sebastian Stanculovicl; Konstantinos Avramidisz; Rosa Difonzo3; Eleonora
Gajetti3; Gerd Gantenbeinl; Stefan Illyl; John ] elonnekl; Alberto Leggieri4;
Tobias Ruessl; Tomasz Rzesnickil; Laura Savoldi’

Kaiserstr. 12, Karlsruhe; 2Athens; 3Corso Duca degli Abruzzi, 24,, Torino; 4
Rue Marcel Dassault, Vélizy-Villacoublay

The ongoing research and development of high-power fusion gyrotrons
demands for an effective cavity cooling system for optimum gyrotron
operation. In this work, the latest improvements in the test set-up for the
thermal-hydraulic investigation of a cavity cooling is described. In order to
increase the overall accuracy in the experiments and to eliminate potential
uncertainties a set of improvements of the test set-up are considered: a new
flowmeter with flow rates that range up to 12 I/min and with improved
measurements accuracy; faster thermocouples, with reaction times < 0.1 s.
Additionally, following modifications are introduced: a coating of the inner
surface of the copper cavity with a Nickel layer of 100 Axm thickness in order
to increase the heat load using induction heating; 3D printing Additive
Manufacturing (AM) of the mock-up in order to directly compare the cooling
performances and to validate the 3D printing AM technique for this
application; (3) installation and test of a new mock-up with mini-channels and
with Raschig rings for a direct comparison between the two cooling techniques.
The obtained experimental results provide input to validate numerical models
used for the cavity cooling optimization.

Diamond Dielectric Characterization With Superconducting L.C Micro- Mo-P2-61
resonators

Francesco Mazzocchi; Dirk Strauf3; Theo Scherer

Hermann Von Helmholtz Platz 1, Eggenstein Leopoldshafen

The development of high optical quality, ultra-low losses single crystal
diamond windows is paramount for the realization of future nuclear fusion,
given the foresaw increase in power of microwave ECRH systems. High Q,
superconducting thin film resonators can be effectively used to determine
dielectric characteristics of extremely low losses materials like single- and
poly-crystalline diamond. In this work we present a study evaluating
superconducting LC micro-resonators as potentially useful characterization
tools for dielectric materials, with a particular focus on poly- and single
crystalline diamond substrates.

Towards Fracture Toughness Measurements Of MPA CVD Diamond In
. . Mo-P2-62

Nuclear Fusion Devices

Gaetano Aiellol; Pablo Estebanezz; Bronislava Gorr3; Andreas Meier3; Sabine

Schreck3 ; Theo Scherer3; Dirk Strauss3; Christoph Wild4; Eckhard Woerner”

'Hermann-von-Helmholtz-Platz 1, Eggenstein-Leopoldshafen; 2y osep Pla 2

Torres Diagonal Litoral B3, Barcelona; 3Hermann-von-Helmholtz-Platz 1,

Eggenstein Leopoldshafen; *Hans-Bunte-Str. 19, Freiburg



Optical quality polycrystalline diamond is the only window material allowing
transmission of high-power microwave beams in nuclear fusion devices.
Failure to fracture is the main failure mode for diamond, which is integrated in
the shape of disks in the so-called window units. This paper reports on the path
to measure the fracture toughness of this diamond for a later potential structural
integrity assessment of the disks based on fracture mechanics.

Experimental And Theoretical Study Of Terahertz Spectrum On Luteolin

Ting Zengl; Gan Zhangz; Qin Huangz; Jun Zhou?; Sen Gong3
No. 783, Xindu Avenue, Xindu District, No.2006, Xiyuan Ave, West Hi-Tech

Zone, Chengdu; No. 783, Xindu Avenue, Xindu District; 3N 0.2006, Xiyuan
Ave, West Hi-Tech Zone

In this work, we measured the absorption spectrum of luteolin by terahertz
time-domain spectroscopy (THz-TDS). The characteristic absorption peaks of
luteolin was obtained in the frequency range from 0.85 to 1.3 THz. In parallel
with the experimental study, density functional theory (DFT) calculation was
performed to optimize the possible single-molecule structure of luteolin and
simulate the corresponding experimental THz spectra. The theoretical result
was in good agreement with the experimental data. Accordingly, THz-TDS is a
promising method for identifying chemical constituents of natural products.
A Novel Local Symmetry Peak Finding Method For Terahertz Content
Extraction Through Multilayer Structures

Yuging Cui; Yafei Xu; Xingyu Wang; Liuyang Zhang

No 28 Xianning West Road, Beilin District, Xi'an

Terahertz (THz) time-domain spectroscopy emerges as a promising inspection
technique for nonpolar materials that provides both fine resolution and
broadband spectrum. However, its practical application on multilayer structure
is limited by the rapid decrease of signal-to-noise ratio (SNR) along the vertical
propagation direction resulting from various reasons such as absorption and
scattering. Here we propose a non-iterative pulse extraction method along with
an imaging method for content extraction through multilayer structures. The
method exploits the local symmetrical characteristics of the reflected THz
pulses in the time domain for stratigraphic reconstruction, and then obtains
THz images based on the average time-domain amplitude around the peaks. To
demonstrate, alphabetic characters written on each layer were successfully
extracted from a sixteen-layer stack of paper. This technique offers
opportunities for practical inspection of coatings, cultural artifacts, drugs, and
especially layered composites with dozens of sub-millimeter layers.

High Frequency Signal Generation From Aliased Signals In A Direct
Digital Synthesizer For Terahertz Applications

Eunsang Kwon

218, Gajeong-ro, Yuseong-gu, Daejeon, Republic of Korea, Daejeon

This paper presents a method for generating high-frequency signals up to the
sampling frequency of a direct digital synthesizer (DDS) by utilizing aliased
signals. The proposed technique can be used in terahertz (THz) systems that
require fast frequency control. By utilizing the second image region of the DDS
using a high-pass filter (HPF), a signal can be generated up to the system clock
frequency. The results show that the developed system can be used as a signal
source for THz scanning applications with fast frequency sweep capability

Mo-P2-63

Mo-P2-64

Mo-P2-65



Nondestructive Structural Observation Of Paintings Using Infrared,

Millimeter And THz Pulsed Waves Mo-P2-66

Kaori Fukunagal; Yoshimi Ueno?

'Nukui-Kita 4-2-1, Koganei; 2Tokyo

Nondestructive test techniques using electromagnetic waves from microwave
to infrared are used for cultural heritage studies, with different frequency bands
selected depending on the objectives. For example, since the 20th century,
radar technology has been widely used for archaeological site exploration and
structural investigations of buildings, and infrared region has been used since
the 20th century mainly as a spectroscopic technique to identify pigments on
the surface of paintings. A comparison of THz time domain scanning and
infrared pulsed thermography has been made for the observation of the internal
structure of a painting. From a practical point of view, photographic methods
such as thermography are more suitable than scanning techniques for pre-
treatment surveys where time and budget are limited. If the precise structure is
required, then time domain scanning techniques should be used. It may be time
to provide a good practice guide for conservators and art historians who are not
experts in optics.
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Plasmonic Terahertz Camera For Real-Time Terahertz Imaging Tu-PL1-1
Mona Jarrahi

420 Westwood Plaza, 420 Westwood Plaza, Los Angeles

We present a terahertz camera based on a plasmonic focal-plane array that can

generate ultrafast temporal and hyperspectral terahertz images with an imaging

speed exceeding 16 fps. We demonstrate super-resolving both shape and depth

information of imaged objects with a lateral/depth resolution as small as 60/10

iOm and an effective number of pixels exceeding 1-kilo-pixels.

09:15 - 10:00

Symposia

Plenary Session 4 Theatre

Chairperson(s): Frank Hegmann,

09:15

Terahertz Spintronics: New Insights Into Magnetic Phenomena and Their
Application In Terahertz Photonics

Tobias Kampfrath

Arnimallee 14, Berlin

Tu-PL2-2-1

By applying terahertz time-domain techniques to spintronic nanostructures,
new insights into the ultrafast dynamics of electron spins can be gained.
Relevant applications such as the spintronic generation and detection of
terahertz electromagnetic fields emerge.
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Investigation Of RTD THz Oscillator With Wide Frequency Tuning
Capability
Enes Mutlul; Wen Lil; Benedikt Sievertz; Robin Kressl; Simone Clochiattil;

Andreas Renningsz; Anton Grygorievl; Werner Prostl; Daniel Erniz; Nils

Weimann'

1 otharstr. 55 (ZHO), Duisburg; 2Bismarckstr. 81 , Duisburg

Compact THz sources with a large VCO tunability are useful for a variety
number of applications such as radar or communication. There are different
approaches using transistor technology and smart circuit development to fulfill
these requirements. A different approach is investigated in using single
resonant tunneling diode oscillator with a large emitter spacer thickness
topology to increase frequency tunability up to 7.6% in the WR2.2 band. Free-
space spectrum measurements in the far field showing this observation are
presented. Additional physical TCAD simulations are carried out using non-
equilibrium Green's function formalism and a Poisson solver to investigate in
the large capacitance change in this layer stack configuration.

Resonant-Tunneling Diode With Spiral Bias Connections For Circularly
Polarized Radiation

Mingxiang Stephen Li'; Safumi Suzuki?; Christophe Fumeaux'; Withawat
Withayachumnankul1

The University of Adelaide, SA, 5005; 22.12-1 Ookayama, Meguro-ku, Tokyo
152-8552, Japan

Resonant-tunneling diodes (RTDs) are promising electronic sources for
terahertz wireless communications. A recently proposed RTD with a series-fed
patch array indicates that surface waves can propagate along the extended
biasing structure. In this paper, we follow this concept and present a cavity-
coupled RTD with a spiral bias configuration for circularly polarized (CP)
radiation with high efficiency. Full-wave simulations suggest that the structure
can radiate with an axial ratio generally lower than 2 dB and a radiation
efficiency above A¢A'S dB from 400-600 GHz. A broadside directivity of
around 25 dBi can be achieved at 500 GHz when the spiral structure is used to
feed a hyper-hemispherical silicon lens.

On-wafer Characterisation Of Resonant-tunnelling Diodes Up To 1.1 THz
Patrik Blomberg; Jan Stake; Josip Vukusic; Vladimir Drakinskiy
Chalmersplatsen 4, Gothenburg

This paper presents on-wafer S-parameter characterisation of resonant-
tunnelling diodes between 0.5 THz and 1.1 THz. Diodes with a peak current
density of 532 kA/cm?2 and a clear negative differential region have been
fabricated. An on-chip Multi-Thru-Reflect-Line calibration kit was developed

Tu-AM-1-1

Tu-AM-1-2

Tu-AM-1-3
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and utilised to achieve accurate S-parameter measurements up to 1.1 THz.
A Simple View On Large-Signal Resonant-Tunneling-Diode Dynamics Tu-AM-1-4

Petr Ourednik; Dinh Tuan Nguyen; Michael Feiginov
Gusshausstrasse 25/354, Vienna

We present a model for an accurate description of the large-signal resonant-
tunneling-diode (RTD) dynamics, which allows for a simple and intuitive
analysis in terms of dynamical trajectories in a phase space. We show that the
RTD admittance can be accurately described by a simple RLRC equivalent
circuit, which has a universal configuration, but with different circuit
parameters in the large- and small-signal cases.

Conventional Vs. Island THz Slot-Antenna Resonant-Tunneling-Diode

Oscillators Tu-AM-1-5

Dinh Tuan Nguyenl; Petr Ourednik?; Michael Feiginov2

1Karlsplatz 13, Vienna 1040, Austria, Vienna; 2Karlsplatz 13, Vienna 1040,
Austria

Island design of on-chip slot-antenna RTD oscillators allows one to strongly
reduce the ohmic antenna losses. In this work, we report on operation of such
island oscillators in the frequency range 1.2-1.74 THz with the radiated output
power of 2.2 A, AuW at the fundamental frequency of 1.74 THz. We also show,
that the conventional, but otherwise identical, RTD oscillators would have been
limited to the operation at frequencies below 1.55 THz.

Nonlinear Optical Response In Resonant Tunneling Diode Terahertz

Oscillators Tu-AM-1-6

Takashi Arikawal; Seiga Yamasakiz; Koichiro Tanaka?

12167 Shosha, Himeji; 2Oiwakecho, Kitashirakawa, Sakyo-ku, Kyoto

We studied nonlinear optical response of resonant tunneling diode (RTD)
terahertz oscillators. We observed nonlinear frequency mixing processes such
as four-wave mixing. These nonlinear optical responses should be responsible
for the frequency comb generation in RTD oscillators.

10:30 - 12:00

Ultrafast Phenomena & Spectroscopy Cartier I
Chairperson(s): Dmitry Turchinovich,

10:30

Terahertz Cavity Phonon Polaritons In The Deep-Strong Coupling Regime Tu-AM-2-1
Andrey Baydinl; Manukumara Manjappaz; Sobhan Subhra Mishra®; Hongjing

Xu4; Jacques Doumani® ; Fuyang Tay6; Dasom Kim’ ; Felix Hernandez7; Paulo

Rapplg; Eduardo Abramof®; Ranjan Singh3; Junichiro Kono®

16100 Main St., Houston; 2CV Raman Road, Bengaluru; 3Singapore:; 46100

Main St, Houston; 36100 Main St; 66100 Main St.; 7 Av. Prof. Luciano

Gualberto 315; 8 Av. dos Astronautas, 1.758. Jd. Granja

We have studied the resonant and nonperturbative coupling of transverse
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optical phonons in lead telluride with photons in small-mode-volume terahertz
cavities, observing a giant vacuum Rabi splitting on the order of the uncoupled
phonon and cavity frequencies. Our terahertz time-domain spectroscopy
experimental data, systematically collected as a function of sample thickness,
temperature, and cavity length, can be well reproduced by our electromagnetic
simulations. These results demonstrate that this uniquely tunable platform is
promising for realizing and understanding predicted cavity-vacuum-induced
ferroelectric instabilities, as well as for exploring applications of light-matter
coupling in the ultra- and deep-strong coupling regimes in quantum technology.

A Novel Terahertz Line Array Detection Scheme Of Polarimeter-

interferometer System On EAST Tu-AM-2-2

Huihui Yan; Haiqing Liu; Shouxin Wang; Hui Lian; Weiming Li

No. 350 shushanhu Road, Hefei, Anhui, China, Hefei

A multi-channel POlarimeter-INTerferometer (POINT) system for plasma
electron density and current distribution measurement has been installed on
Experimental Advanced Superconducting Tokamak (EAST), with a spatial
resolution of 8.5 cm. Different from the spatial resolution upgrade process in a
conventional multi-channel system that increasing the number of spatial
viewing channels by optical elements, a novel terahertz line array detection
scheme is proposed to improve the spatial resolution to 4.5 mm by replacing
the original single Schottky mixer with a line array HEMT detector based on
the original system. Related optical design and components design as well as
bench test of this new detection scheme has been carried out to verify the
feasibility and the reliability. Bench test results obviously displayed the well
performance of the cylindrical lens designed to convert the shape of laser
beam. The coupling effect of cylindrical lens to line array HEMT detector in
signal detection is optimized for high spatial resolution measurement.

Research On Th.e EAST Plasma Density ]?iagnostic§ By The Terahertz Tu-AM-2-3
Spectroscopy Using Asynchronous Sampling And Single-shot Schemes

Haitao Taol; Ming Fangl; Haiqing Liu2; Cuizhen Wangz; Susu Hu3; Yinxian

Jie?; Chun Zhou®

! Anhui University, Hefei; Hefei Comprehensive National Science Center,

Hefei; 3Chinese Academy of Sciences, Hefei

In this paper, we propose to develop asynchronously locked, high stable, high-
repetition-rate ultrafast fiber lasers to achieve the diagnostics of Experimental
Advanced Superconducting Tokamak (EAST) plasma density by high-speed
real-time terahertz spectroscopy with asynchronous sampling and single-shot
measurement schemes.

Terahertz Time Domain Spectroscopy For Characterizing Properties Of
Carbon Nanotube Yarns

Laura Londonol; Natalie Frey2; Andrew Fitzgeraldz; Lyubov TITOVAz;
Kateryna Kushnir

1100 Institute Rd, 100 Institute Rd, Worcester; ZWorcester Polytechnic Ins, 100
Institute Rd, Worcester

Tu-AM-2-4

Carbon nanotube (CNT) yarns are made of aligned filaments of structured
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carbon such as single or multi-walled carbon nanotubes. They are flexible,
strong, thermally and electrically conductive in the axial direction. Here we
report on using THz time-domain spectroscopy to characterize Miralon A®
yarn manufactured by Huntsman corporation. As CNTs strongly absorb and
reflect THz radiation polarized along the CNT axis, THz TDS provides a rapid,
non-destructive approach to characterize CNT fiber bundle alignment in the
yarn materials. It can be used to study correlations between alignment and yarn
tenacity and other properties.

Terahertz Torsional Dynamics And Their Influence On Electron-Phonon
Coupling In Organic Semiconductors

Michael Ruggiero
82 University Place, Burlington

Terahertz vibrational dynamics are the primary cause of detrimental electron-
phonon coupling in organic semiconducting crystals. This has made these
materials prime candidates for study using terahertz vibrational spectroscopy.
In this work, we highlight how terahertz torsional dynamics in thiophene-
functionalized organic semiconductors play a major role on charge transport
properties in these materials. Overall, this work highlights the ability to guide
the rational design of new materials using crucial insight from terahertz time-
domain spectroscopy studies.

Tu-AM-2-5
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Semimetals
Chairperson(s): Jigang Wang,

Cartier 11

10:30

Terahertz And Multi-terahertz Spectroscopy Of Light-driven 3D Dirac
Semimetal Cd3As2

Yuta Murotani; Ryusuke Matsunaga

5-1-5 Kashiwanoha, Kashiwa, Chiba

We studied optical and electrical properties of the light-dressed Floquet states
in a 3D Dirac semimetal, Cd3As2, using terahertz and multi-terahertz
spectroscopy techniques. Combining a narrowband pump and a broadband
probe in the multi-terahertz frequency region, we observed strong stimulated
Rayleigh scattering originating from optical transitions between the Floquet
states. The large group refractive index accompanying this phenomenon may
be applicable to slow light generation with a bulk semimetal at room
temperature. We also observed Faraday rotation of a terahertz probe
transmitting a Cd3As2 sample under a circularly-polarized multi-terahertz
pump, which had been expected as a manifestation of the light-induced
Floquet-Weyl semimetal. We found, however, that the sign of the measured
anomalous Hall conductivity contradicts the theoretical prediction for the
Floquet-Weyl semimetal. Based on microscopic calculation, we revealed that
the observed Faraday rotation mainly arises from direct photocurrent
generation allowed by the electric field in the terahertz probe pulse.
Polarization-resolved terahertz time-domain spectroscopy, which enabled non-
contact and ultrafast detection of the transient anomalous Hall conductivity
including the sign, paves the way for disentangling the competing mechanisms
of light-induced anomalous Hall effect.

Tu-AM-3-1
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Kerr Effect And Self-focusing In Nodal Semimetals In Terahertz Regime Tu-AM-3-2
Chao Zhang
Northfield Avenue, Wollongong

We determine the Kerr index, associated critical Kerr power, and focal length
of nodal semi metals. The focal lenth is directly relate the dynamical non-linear
optical conductivity of the semimetal. In this framework, through the non-
linear conductivity, one can directly observe how the Kerr index is altered by
intrinsic parameters of the semimetal such as node separation and bandgap,
which determine its topological phase. In THz and microwave regime, Kerr
index is found to be around 10A15aA'10A20 m”2/W. Dependence of the Kerr
index, critical power and focal length on temperature, chemical potential, band
gap and node separation are obtained. Our result shows that the tunability of
the non-linear response of a nodal semimetal persists in its focusing
phenomenon.

Terahertz Characterization Of Charge Carrier Dynamics In 3D Dirac Tu-AM-3-3
Semi-metal Cd3As2 Nanowires u

Yahya Saboonl; Xinyn Liul; Thorsten Hesjedalz; Michael Johnston> ; Laura
Herz3; Jessica Boland®

"Photon Science Institute, Department of EEE, Manchester; 2Department of
Physics, Clarendon Laboratory, room 149, Oxford; 3Clarendon Laboratory;

“*Photon Science Institute

In summary, we have highlighted the potential of Cd3As2 nanowires in various
innovative applications such as usages in high-speed optoelectronics and
ultrafast optical switches, owning to high charge carrier mobility at room
temperature for its nanowires.

THz-induced Carrier Multiplication In TaAs Weyl Semimetal Tu-AM-3-4

Sarah Houverl; Davide Soranzioz; Simone Biascoz; Chandra Shekhar3;

Claudia Felser3 : Elsa Abreuz; Matteo Savoiniz; Steven Johnson?

110 rue Alice Domon et Léonie Duquet, Paris; 2Auguste-Picc:curd-Hof 1, 8093

Ziirich; 3N6thnitzer Stra3e, 40 01187 Dresden

Topological Dirac and Weyl semimetals (D&W SM) have attracted a lot of
attention due to their unusual electronic properties, which are strongly
dependent on the symmetry of the system. By altering the symmetry of the
lattice, using for example a pulse of light, one can expect to modify their
topological nature and induce/suppress the related properties "on demand".
High-field Terahertz (THz) radiation that interacts with vibrational states under
near-resonant conditions is a promising pump candidate to induce structural
changes in D&W SM compounds, possibly leading to topological transient or
permanent changes. There are, however, some challenges to achieving such
control. D&W SM have a specific band structure showing a 3D-linear
dispersion around nodes, which makes them sensitive to THz-induced carrier
multiplication. These carrier multiplication processes can compete with and
ultimately screen the interaction of the THz light with vibrational modes. Here,
we present recent results of 2D-THz spectroscopy of a bulk Weyl semimetal



TaAs in reflection. We highlight THz-induced carrier multiplication effects and
study the field and temperature dependence of the number of carriers induced
by the THz field. We examine possible carrier multiplication mechanisms
which could be involved.

10:30 - 12:00

International

Waveguide I

Chairperson(s): Vince Wallace,
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Research And Development Of Corporate-feed Waveguide Slot Array
Antennas In 120GHz And 350GHz Bands

Jiro Hirokawa

S3-20, 2-12-1 Ookayama, Meguro, Tokyo

This talk presents the research and development of the corporate-feed
waveguide slot array antennas in 120GHz and 350GHz bands. The 120GHz-
band antenna has fabricated by diffusion bonding of laminated thin metal
plates. The antenna has a double-layer structure. The bottom layer is a
corporate-feed circuit and the upper layer has cavities with radiating slots. Each
end of the feeding waveguide has a coupling slot that excites 2x2 radiating
slots. All the radiating slots are fed in equal amplitude and phase irrespective of
frequency. The full corporate-feed gives wideband characteristics. Low-loss
electrical contact is achieved by laminating several metal plates with different
waveguide structures and bonding with mechanical pressure and high
temperature in a vacuum. The 350GHz-band antenna introduces gold-coating
silicon wafers for high precision in the fabrication. The perpendicular
corporate-feed is introduced by removing the side walls of the cavities to
simplify the radiating layer. A two-dimensional monopulse circuit is integrated
with the antenna to achieve polarity orthogonal multiplexing in the rectangular
coordinate system for non-far field region to increase the transmission capacity.

Time-Domain Integration Of Broadband Terahertz Pulses Via Tapered
Two-Wire Waveguide

Giacomo Balistreri'; Alessandro Tomasino; J unliang Dongl; Aycan
Yurtseverl; Salvatore Stivala3; José Azaﬁal; Roberto Morandotti'
1 1650, Boulevard Lionel Boulet, Varennes; 21650, Boulevard Lionel-Boulet,

Varennes; 3Viale delle Scienze, Palermo

In this work, we report on the implementation of a time-domain integrator
device operating on arbitrary broadband Terahertz (THz) pulses. This analog
signal-processing functionality is implemented by employing a two-wire
waveguide (TWWGQ) variant, based on a tapered configuration. A conventional
TWWG is made of two copper wires separated by an air gap between them.
Here, we show here that, if the gap between the wires is much smaller than the
THz wavelength and the wire radius, the propagating THz field undergoes a
field enhancement factor that is inversely proportional to the THz frequency,
thus matching with the spectral behavior of a time-domain integrator. Both
simulation and experimental results here demonstrate that the tapered TWWG
(briefly, TTWWQG) is indeed able to perform the time-domain integration
functionality.

Tu-AM-4-1

Tu-AM-4-2
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Low-loss, 1-m Long Length, Hollow-core THz Waveguide Operating At 1
THz, Based On Anti-resonant Guiding Mechanism

Georges HUMBERTl; Jean-Louis AUGUSTEl; Guillaume DUCOURNAUz;
Jean-Francois LAMPIN?

123 av. A. Thomas, LIMOGES; 2Cité Scientifique - Avenue Poincaré,
Villeneuve d'Ascq

Tu-AM-4-3

A hollow-core THz waveguide composed of 10 silica capillaries is designed
and fabricated. The waveguide based on the anti-resonant guiding mechanism
presents a large transmission window (~ > 600 GHz) centered at 1 THz, with
measured propagation losses below 0.5 dB/m.

Low-loss Coplanar Waveguide To WR-5 Waveguide E-plane Transition
. . Tu-AM-4-4
With Bias-Tee.

Himanshu Gohill; Hui Wangl; Diego Pardoz; James Seddon’ ; Cyril Renaud3;
Peter Huggard1
1R25, RAL Space, Harwell Campus, Didcot; 2Kings College London, London;

3University College London, London

We present a grounded co-planar to WR-5 waveguide transition with a bias-tee
designed for integration of photodiodes and similar biased devices. The planar
waveguide circuit is based on a 75 um thick quartz substrate and allows the
packaging of the device in a metallic split-block configuration. The transition
has insertion loss of less than 0.3 dB from 140 to 170 GHz, and less than 0.6
dB over the lower half of the WR-5 band.

Terahertz Integrated Polarization Rotator Based On Effective-Medium-
Clad Waveguide

Weijie Gao'; Withawat Withayachumnankulz; Masayuki Fujital; Tadao
Nagatsuma1

113 Machikaneyamacho, Toyonaka, Osaka; 2Adelaide, South Australia

Tu-AM-4-5

We propose a terahertz planar polarization rotator monolithically implemented
into the all-silicon effective-medium-clad dielectric waveguide platform
operating over 260--400 GHz (WR-2.8 band). The proposed polarization
rotator consists of a tapered solid and an effective-medium waveguide core
surrounded by in-plane asymmetric air-silicon effective-medium claddings
based on mode evolution theory. The effective medium plays a key role in
significantly enhancing the polarization extinction ratio over a broad
bandwidth, leading to an average extinction ratio of > 15 dB over the whole
WR-2.8 band with a fractional bandwidth of 42% together with an average
insertion loss of < 1 dB on a footprint of 1.36Ac x 6.15Ac. Such a low-loss and
broadband polarization rotator is promising for beyond-5G communications
with multi-dimensional multiplexing to increase channel capacities.

10:30 - 12:00 Antenna Imaging Techniques I

International
11
Chairperson(s): Peter Siegel,
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Complementary Harmonic Suppression Of Radiation At 300/600 GHz By
A Pair Of Frequency-Selective Surfaces Fabricated On Polyimide
Membranes

Hui Yuanl; Meng Zhangz; Daniel Erni3; Hartmut G. Roskos!
"Max-Von-Laue Str.1 , Frankfurt am Main; 2Bismarckstr. 81 (BA), Duisburg;

3Bismarckstr. 81 (BA)

A harmonic complementary band-stop filter pair for standing-wave suppression
at both the signal and the local-oscillator (LO) frequency of a sub-harmonic
heterodyne measurement and imaging system is presented. The design of the
filters is based on complementary metamaterial structures for 300 GHz,
respectively 600 GHz. The filters are implemented on ultra-thin polyimide (PI)
membranes which helps to achieve a low insertion loss at the pass bands and
gives the filters mechanical flexibility. Experimental results show that the filters
provide a 30-dB isolation at the respective stop bands and that they have less
than 0.1-dB insertion loss at the pass bands.

A Tightly-Sampled Focal Plane Array In 22 Nm CMOS With Integrated
Direct-Detectors For Terahertz Imaging Applications

Martijn Hoogelander; Robbin van Dijk; Maria Alonso-delPino; Marco Spirito;
Nuria Llombart

Mekelweg 4, Delft

The design of a focal plane array (FPA) for imaging at sub-mm wavelengths
generally is a trade-off between resolution and sensitivity. For maximum
angular resolution, minimal spacing between FPA elements is desired, which
leads to increased losses due to spillover and mutual coupling and therefore
deteriorates the imaging sensitivity. This work presents the characterization of
an ultra-wideband (200 GHz - 600 GHz) FPA with integrated direct-detectors,
achieving a tight sampling of the focal plane by implementing overlapping of
the feed elements, hence alleviating the penalty in aperture efficiency. The
overlapping of the feed elements in implemented using a combination of a
dual-polarized connected array configuration resembling a chessboard, and
leaky-wave propagation in the CMOS stratification. The measured radiation
patterns and aperture efficiency show <1dB agreement with simulations.
Moreover, a beam spacing corresponding to a near diffraction-limited
resolution is combined with a minimum cross-over level below 2 dB over the
entire band, making this design a promising candidate for high-resolution
terahertz imaging systems. To demonstrate the imaging capabilities of the
chessboard array, a quasi-optical imaging setup was developed.

A Shaped Quartz Lens Antenna For Wide Scanning Sub-millimeter
Imaging Systems

Huasheng Zhang; Shahab Oddin Dabironezare; Nuria Llombart
Delft University of Technology, Delft

Lens based focal plane arrays (FPAs) with thousand elements are promising
candidates for wide scanning sub-millimeter security imaging systems. To
analyze such arrays, a coherent Fourier Optics approach is employed to design
an FPA of quartz lenses coupled to a reflector. We consider quartz as the lens

Tu-AM-5-1

Tu-AM-5-2

Tu-AM-5-3
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material due to its lower cost with respect to silicon-based lens arrays and focus
on the design of the lens element at the edge of the FPA. The reflector's
scanning angle at the edge of its FPA is 20.3 degrees, and the lens surface is
shaped to couple better to the reflector. The performance of the optimized
shaped lens is validated by full-wave simulation with excellent agreement. The
simulated scan loss of the system is 2.8 dB. A prototype was fabricated and will
be measured to validate this performance.

Near-field Characterization Of A GHz Branchline Coupler Using A THz
Microscope

Marius Neumann; Paul Julius Ritter; Julius Mumme; Meinhard Schilling;
Benedikt Hampel

Hans-Sommer-Str. 66, Braunschweig

Tu-AM-5-4

The design of microwave circuits is usually based on simulations, which can be
supported by S-parameter measurements to evaluate the circuit's performance
after fabrication. Some characteristics of complex designs cannot be
investigated this way, but advanced measurement methods can improve the
design process significantly. In this work, a THz microscope is used to
characterize a microwave network consisting of a branchline coupler and
multiple patch antennas in a frequency range of 20 to 40 GHz. The radiation
intensity above the patch antennas is spectroscopically measured and compared
to conventional S-parameter analyses. The near-field pattern of the circuit is
spatially measured and compared to corresponding simulations. The THz
microscope is a versatile tool that can be used to validate simulation results and
improve the overall microwave circuit design process.

Multi-Spectral Photonic THz Imaging Using MUTC-PDs And Dielectric
Rod Waveguide Antennas

Israa Mohammad; Thomas Haddad; Sumer Makhlouf; Andreas Stohr
Lotharstralle 55, Duisburg

We present a photonic-assisted multi-spectral THz imaging approach
employing ultra-broadband modified UTC photodiodes (MUTC-PDs),
wideband dielectric rod waveguide (DRW) antennas, and THz Schottky barrier
diode (SBD) envelope detectors. The MUTC-PDs connected to the DRW
antennas enable multi-spectral imaging from 60 GHz to above 300 GHz. For
experimental validation, a standard USAF resolution target is utilized as a
device under test proving a resolution power of ?/2 is achieved at 300 GHz.

Tu-AM-5-5
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High Sensitivity Spectroscopic Measurement With A Highly Nonlinear
THz-PMT And An Is-TPG

Naoya Kawail; Hisanari Takahashiz; Kota Katsuyamal; Yuma Takida’ ; Tobias

Tu-PM1-1-1

Olaf Buchmann®; Mate;j Sebek®; Simon J appe Lange4; Peter Uhd J epsen4;
Hiroaki Minamide3; Hiroshi Satozonoz; Takayuki Ohmura!
13145 sShimokanzo, Iwata City; 25000 ,Hirakuchi, Hamamatsu City; 3519-1399
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Aramaki-aza Aoba, Sendai City; 42800 Kongens, Lyngby

High-speed and high-sensitivity detectors are required for applications such as
spectroscopy and imaging using terahertz (THz) waves. So far, we have
developed THz-Photomultiplier Tube (THz-PMT)/ THz-Image Intensifier
(THz-1.1.), which is a combination of THz wave-to-electron conversion using a
metasurface to enable THz-driven field emission, a PMT and an L.I.. In this
report, we use an injection-seeded THz-wave Parametric Generator (is-TPG) as
a narrowband and frequency-tunable pulsed THz-wave source with a THz-
PMT detector to measure the water vapor concentration of air. The THz-PMT
detector has a highly non-linear response to changes in the electric field
strength from the is-TPG source, which allows for precise characterization of
the water absorption spectrum and temporal changes herein. We perform a
frequency sweep from 0.7 to 1.2 THz and show that our THz-PMT signal drops
significantly at water absorption lines. This standard technique, operated on our
novel THz instrumentation, is expected to enable highly sensitive spectroscopic
measurements.

Simultaneous Measurement Of Orthogonal Terahertz Fields Enabled Via Tu-PM1-1-2
A THz MODEM (modulator/demodulator) Scheme

Huiliang Oul; Rayko Stantchevz; Mykhaylo Semtsiv3; William Masselink3;
James Lloyd—Hughes4; Emma MacPherson®

IGibbet Hill Rd, Coventry; 270 Lienhai Rd, Kaohsiung; 3Unter den Linden 6;
4Gibbet Hill Rd

A scheme is proposed and demonstrated that realizes the rapid simultaneous
measurement of orthogonal terahertz fields. A fibre-coupled multi-pixel THz
emitter on InGaAs generated orthogonal polarization states, with a dynamic
range and bandwidth comparable to a commercial antenna. We developed a
dual-frequency modulation/demodulation scheme that used a conventional
photoconductive detector to record the orthogonal polarization states. This
work has significant potential to improve the speed of polarization-resolved
THz spectroscopy and imaging. We demonstrate its efficiency by
characterizing birefringent crystalline materials and anisotropic metamaterial.

Graphene Field-effect Transistors As THz Detectors: Distinguishing Tu-PM1-1-3
Between Resistive Self-mixing And The Hot-carrier Thermoelectric Effect

Florian Ludwigl; Andrey Generalovz; Jakob Holsteinl; Anton Murrosz; Klaara
Viisanenz; Mika Prunnilaz; Hartmut G. Roskos'

"'Max-von-Laue-Strasse 1, Frankfurt am Main; Tietotie 3, Espoo
Graphene-based detectors of THz radiation -- despite their improvement over
the years -- continue to exhibit a lower sensitivity than detectors made from
other materialsystems. In order to gain a deeper understanding of some of the
detection processes and their constraints, we analyze here experimentally and
by simulations the operation of graphene TeraFETs, detectors based on
rectification in antenna-coupled field effect transistors, over the frequency
range 0.1-1.2 THz. The devices were fabricated with an advanced wafer-scale
process technology. It is well-known that two detection mechanisms contribute,
resistive self-mixing and the photothermoelectric effect. We determine the



14:15

14:30

14:45

respective contributions to the responsivity and their frequency dependencies,
put the results into perspective with competing technologies, and suggest ways
to improve detector performance.

A Novel Scattering-type THz Microprobe With Integrated Source And
Detector For Contact-free, High-speed Surface Imaging At Sub-ym-
resolution

Martin Priwischl; Michael Nagelz; Alexander Michalskiz; Denise Priwischl;
Yoonkyung J angl; Ikseon Jeon'; Inkeun Baek!

14 Samsungjeonja, Hwaseong-si; 20tto-Blumenthal-Strasse 25, Aachen
Terahertz (THz) Time Domain Spectroscopy (THz-TDS) provides an
interesting set of possibilities for contactless wafer inspection as many used
materials contain resonant features in their refractive indices within the THz-
spectrum. It can be used to analyze electrical properties, such as sheet
resistance. Even though there is a large set of advantages for THz-TDS, the
wavelength of THz radiation is often in the same or higher range as geometric
features of interest. The limits for the spatial resolution of THz measurements

are therefore given by the THz waves while scattering effects are not limited by

the wavelength. To make use of the THz scattering effect to achieve spatial
resolutions in the nanometer scale scattering-type Scanning Near-field Optic
Microscopy (s-SNOM) can be used. One major hurdle for implementing s-
SNOM is the complex setup required for alignment and operation since the
THz emitter, the scattering tip and the THz detector are separated. A method is
presented where a new THz probe antenna design provides the possibility to
measure THz scattering and allows high spatial resolutions by combining those
components into a probe tip. As a result, a high spatial resolution can be
achieved, and an oscillation tip can be omitted.

The In-plane Photoelectric Effect For Terahertz Detection In Two- And
Quasi-one-dimensional Electron Systems

Wladislaw Michailow'; Sergey Mikhailov?; Nikita Almond'; Harvey Beere';
David Ritchie'

177 Thomson Avenue, Cambridge; UniversititsstraBe 1, Augsburg

The in-plane photoelectric (IPPE) effect is a quantum phenomenon in 2D
electron systems that can be used to efficiently detect THz radiation. In this
effect, electrons absorb THz photons and jump onto an artificially created,
electrically tunable potential step within the plane of a degenerate 2D electron
gas. We show the experimental realization of this principle in photoelectric
tunable-step (PETS) detectors, a new type of dual-gated antenna-coupled THz
detectors exploiting the IPPE effect. The devices demonstrate a strong
photoresponse, which can only be explained by the IPPE effect. We
demonstrate key advantages that the 2D IPPE effect offers when compared to
the conventional, 3D photoelectric effect. We also present our theoretical
results on the IPPE effect in a 2D- and in a quasi-1D-electron system.

On-Chip Direct Laser Writing Of Spectral Filter Structures For Terahertz
Field-Effect Transistors

Tu-PM1-1-4

Tu-PM1-1-5

Tu-PM1-1-6



Michael Kocybikl; Jakob Holsteinz; Erik Wallerl; Alvydas Lisauskasz;
Hartmut Roskosz; Maris Bauerl; Fabian Friederich!

'Fraunhofer-Platz 1, Kaiserslautern; 2Max-von-Laue-StraBe 1, Frankfurt am
Main

We demonstrate first results of 3D direct laser writing (DLW) of metallic filter
structures on narrow-band antenna-coupled field-effect transistors (TeraFET)
directly on the detector chip. The chip itself contains a spectroscopic line array
of resonant TeraFETSs ranging from 0.53 to 1.98 THz. We apply a 3D laser
metal writing (DLW) process directly on the die, printing filter structures made
of silver particles for the narrowing of the frequency response and the
suppression of spurious waves. In our first measurements, we investigate
changes in the detection resonance frequency in comparison to bare TeraFET
arrays from the chip foundry.

Design And Characterization Of A Hairpin Filter At GHz Frequencies
Using A THz Microscope For Near-Field Analysis

Paul Julius Ritter; Marius Neumann; Julius Mumme; Meinhard Schilling;
Benedikt Hampel

Hans-Sommer-Str. 66, Braunschweig

Microwave filters are widely used for telecommunication applications and
measurement systems. Hairpin filters are very compact edge couple bandpass
filters, which typically exhibit low insertion loss and a narrow bandwidth. In
this work, a hairpin filter with a designed center frequency of 34.38 GHz is
investigated. The scattering parameters are measured with a network analyzer
and the near-field distribution is measured spatially at multiple frequencies with
a THz microscope, using a superconducting Josephson cantilever. The
measured results of the hairpin filter agree well with the 3D electromagnetic
simulations. The THz microscopy setup is capable of measuring three-
dimensionally the intensity and frequency of field distributions from 1 GHz to
5 THz. This setup is a versatile tool for characterizing and optimizing
microwave circuits and can be used to validate simulation results.

15:00 Tu-PM1-1-7

Implementation Of A Multi-element Detector Consisting Of An 8x8
15:15 Network Of Patch-antenna-coupled TeraFETs For Gas Spectroscopy With Tu-PM1-1-8
THz-QCLs

Jakob Holsteinl; Michael Horburyz; Nicholas Northz; Harry Goddenz; Lianhe
Li? ; Joshua Freeman> ; Alexander Valavanisz; Edmund Linﬁeldz; Alvydas
Lisauskas'; Hartmut G. Roskos'; Anastasiya Krysl1

"Max-vonLaue StraBe 1, Frankfurt am Main; 2Woodhouse, Leeds LS2 9JT
Monolithically integrated, antenna-coupled field-effect transistors (TeraFETs)
are known as sensitive detectors, which can be designed to work properly over
the entire THz range (0.1-10 THz). In this work, we present a new multi-
element THz detector design. It employs 8Af-8 monolithically integrated
patch-antenna-coupled TeraFETs fabricated in a commercial 65-nm CMOS
process. In contrast to conventional detector matrices, where each TeraFET
represents a pixel, here the entire TeraFET network serves as a single pixel,
combining the output signals of all elements in a parallel read-out circuit. The
matrix approach offers two advantages: A larger effective detector area, which



makes beam alignment easier, and a significantly reduced electriA ,A—cal
resistance down to approx. 300 AZA© at the working bias point, leading not
only to a reduction in detector noise but also to an increase in modulation
bandwidth, which improves the time resolution of measurements of dynamical
processes. We demonstrate applicability of the detector for laboratory methanol
gas spectroscopy at 3.4 THz with a quantum cascade laser (QCL) applied as a
radiation source.
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Breath Analysis Of COPD Patients By Terahertz/Millimeter-Wave Gas Tu-PM1-2-1
Spectroscopy -- A Proof-of-Principle Study

Nick Rothbartl; Rembert Koczullaz; Olaf Holz3; Klaus Schmalz4; Heinz-
Wilhelm Hiibers'

'Rutherfordstr. 2, Berlin; Malterhoeh 1; 3Feodor—Lynen—StlraBe 15; “Im
Technologiepark 25

We demonstrate the application of terahertz/millimeter-wave gas spectroscopy
to the analysis of exhaled human breath from a clinical environment. 28 sets of
samples from patients with the Chronic Obstructive Pulmonary Disease were
measured and analyzed. Comparison with gas chromatography-mass
spectrometry, a very well-established method, showed very good correlation of
up to R=0.93. The variations between duplicate samples were also as small as
in the reference measurements.

Investigating The Rigidity Of Ortho-terphenyl Tu-PM1-2-2

Johanna Koelbel'; Michael T. Ruggieroz; J. Axel Zeitler’; Daniel M.

Mittleman!

1Dep.eurtment of Engineering, 184 Hope Street, Providence; 2Department of

Chemistry, 82 University Pl, Burlington; 3Depeurtment of Chemical
Engineering, Philippa Fawcett Drive, Cambridge

The molecular glass former ortho-terphenyl has traditionally been used as a
model system for rigid molecular solids. This assumption has been questioned,
and therefore its rigidity was investigated by experimental terahertz time-
domain spectroscopy and low-frequency Raman spectroscopy and theoretical
density functional theory. The results show that there are a number of coupled
internal and external motions present in the terahertz regime that contradict the
assumption that ortho-terphenyl is rigid.

Analytical Terahertz Wave Absorption Spectroscopy Of Dimethyl Ether  Tu-PM1-2-3
Ingrid Wilke'; Megan N. Powers?; Timothy E. Rice?; Arshad Chowdhuryz;

Muhammad Waleed Mansha’ ; Mona M. Hella3; Matthew A. Oehlschlaeger4

1Depalrtment of Physics, 110 8th St., Troy; 2Department of Mechanical

Engineering, 110 8th Street, Troy; 3Department of Electrical Engineering, 110

8th St., Troy; 4Department of Mechanical Engineering, 110 8th St., Troy



Terahertz (THz) wave rotational absorption spectra of dimethyl ether (DME)
are reported. Measurements have been performed at room temperature and
pressures of 1 to 8 Torr (1.22 to 10.67 mbar) in the 220 to 330 GHz frequency
band using an electronic THz wave spectrometer. Observed rotational transition
frequencies and absorption strengths are in very good agreement with literature
and extent prior work to conditions where considerable pressure broadening
occurs. A room temperature collisional self-broadening coefficient of 12.1 GHz
/ bar for DME has been derived. The potential of THz wave absorption
measurements for quantitative DME gas sensing in industry and the
environment is demonstrated.

Real-Time Terahertz Absorption Spectroscopy Of Methanol And

14:15 Deuterated-Methanol Vapour, Using A TeraFET Detector Array

Tu-PM1-2-4

Michael Horburyl; Nicholas Northz; Jakob Holstein3; Harry Goddenz; Lianhe
Li2; Joshua Freemanz; Edmund Linﬁeldz; Hartmut Roskos3; Alvydas
Lisauskas3; Alexander Valavanis®

1University of Leeds, Leeds; 2University of Leeds; 3 D-60438 Frankfurt am
Main

We have demonstrated the potential of terahertz (THz) spectroscopy using a
THz-frequency quantum cascade lasers coupled with a THz field-effect-
transistors detector as a tool for probing chemical reactions, by observing
distinct transitions in methanol and deuterated methanol (CH3OD) in the 3.35,
3.4 and 3.45 THz region.
14:30 Mapping Of Kidney Stone By Far-Infrared Spectroscopy Tu-PM1-2-5

Verdad Agultol; Wangxuan Zhao'; Mihoko Maruyamal; Masae Takahashi?;
Kosaku Katol; Valynn Katrine Mag-usaral; Masato Otal; Yutaro Tanakal;
Yusuke Moril; Masashi Yoshimural; Makoto Nakajima1

ISuita, Osaka; Sendai, Miyagi

Kidney stones are mainly composed of calcium oxalate (CaOx) minerals, and
the understanding of the polymorphisms of CaOx is essential in establishing
the pathogenesis of kidney stone formation. CaOx polymorphs are
predominantly calcium oxalate monohydrate (COM) and calcium oxalate
dihydrate (COD). In this study, we employ reflection-mode Fourier transform
infrared spectroscopy in the far-infrared region to map the spatial distribution
of the main CaOx phases in a thin section of kidney stone. A higher reflectance
band is observed on the COD-rich areas of the kidney stone compared to
COM-rich areas in the spectral region between 5-10 THz. The spatial
distribution of COM and COD phases is demonstrated herein based on the
reflectance map utilizing the selected frequency of 8 THz. Our results show
that THz waves could be useful in kidney stone analysis without an invasive
sample preparation, thereby preserving the spatial information of the stone
which contains the history of the stone formation process.

The Temperature Dependent Changes In The Terahertz Absorption
14:45 Spectrum Due To The Self-assembly Of Quadruplexes In A Solution Of Tu-PM1-2-6
The Nucleoside Guanosine Monophosphate



Yu Heng Taol; Simon Schulkez; Gerhard Schwaabz; Steffen Murkez; Simone
Pezzottiz; Stuart Hodgettsl; Alan Harveyl; Vincent Wallacel; Martina
Havenith?

135 Stirling Highway, Crawley; UniversititsstraBe 150, Bochum

The self-assembly of the nucleoside guanosine monophosphate (GMP) into
complex DNA secondary structures, in aqueous solution is concentration and
temperature dependent. It is a unique phenomenon that provides a basis for
studying more complicated structures related to DNA. In the present study, we
show that distinct features in the terahertz spectrum (30 to 400 cm-1,0.8 to 12
THz) are associated with the formation of GMP dimers and quadruplexes, and
that these can be attributed to changes in the hydration water and intra-
molecular modes of the aggregated structures. This finding establishes a basis
for further investigation into secondary DNA structures using terahertz
radiation, such as G-quadruplex and i-motif.

Liquid-Liquid Phase Separation Of Protein By Trivalent Heavy Metal
Ions: Ion-specific Alteration Of Water Structure Exposed By THz Study

Ria Saha'; Rajib Mitra’

31)) Block, Sector 3, Salt Lake City, Kolkata - 700106, India, Kolkata; 2ID
Block, Sector 3, Salt Lake City, Kolkata - 7001, Kolkata

We show that trivalent ions (specifically Lanthanide heavy metals) can induce
microscopic liquid-liquid phase separation (LLPS) of globular protein (bovine
serum albumin) in which protein rich phase co-exists with a dilute phase. The
protein rich LLPS droplets are characterized by dynamic light scattering and
optical microscopy measurements. We investigated the perturbation of
hydration structure at protein surface using THz-FTIR spectroscopy technique.
We found highly ion-specific protein hydration at RT and at temperature above
melting temperature of protein where the existence of LLPS still observed.

Sensing Alcohol Contamination In Water by THz Time Domain
Ellipsometry

15:00 Tu-PM1-2-7

15:15 Tu-PM1-2-8

Zahra Mazaheril; Gian Paolo Papariz; Antonello Andreone®

'Via Vicinale Cupa Cintia, 26, 80126 Naples NA, naples; 2Via Vicinale Cupa
Cintia, 26, 80126 Naples NA

We report on the use of a customized time-domain THz ellipsometer to monitor
the effect of a contaminant on the dielectric response of water. The setup can
detect in a very simple way small changes in the optical properties of aqueous
mixtures due to the presence of low amount of isopropyl alcohol. We tested the
dielectric response of different volume concentrations by directly measuring
the ellipsometric parameters for each mixture. We observed a sharp, nonlinear
decrease in the absorption coefficient by gradually adding alcohol in water.
Significant deviations between experimental data and the theoretical
expectations are interpreted as due to competing effects produced by the
amphipathic nature of the contaminant.

13:30 - 15:30 Condensed Matter 11 Cartier I1
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THz Spontaneous Magnon Fluctuations And Room-temperature Spin
Switching In The Orthoferrite Sm0.7Er(0.3FeO3

Takayuki Kuriharal; Marvin Weissz; Andreas Herbstz; Julius Schlegelz; Tobias
Danneggerz; Martin Evers; Andreas DongesZ; Makoto Nakajima3; Sebastian
T.B. Goennenweinz; Ulrich Nowakz; Alfred Leitenstorfer>

15.1-5 Kashiwanoha, Kashiwa; 2Universitaetsstrasse 10, Konstanz; 3.
6 Yamadaoka, Suita

Tu-PM1-3-1

Ultrafast dynamics of correlated spins in the picosecond to femtosecond
timescales have so far been pursued mainly with pump-probe schemes by
perturbing the system and measuring the induced changes. Here, we reveal the
femtosecond time-resolved autocorrelation function of the sub-THz
spontaneous spin fluctuation dynamics in an orthoferrite, existent under the
ambient condition due to thermal occupation. The correlation dynamics shows
a significant enhancement of the amplitude and coherence time around the spin
reorientation transition temperature, which is ascribed to the spontaneous
switching of spin moment between the energetically degenerate states.

Differentiation Of The Microstructures Of Agarose Hydrogels Using
Terahertz Time Domain Spectroscopy (THz-TDS)

Mark Justine Zapanta; Annelies Postelmans; Wouter Saeys

Kasteelpark Arenberg 30, Heverlee

Agarose hydrogels are widely used analytical separation media in chemistry
and tissue scaffold in biomedical engineering because of their highly tunable
mechanical and rheological properties. The functional properties of these gels
are attributed to its fibrillar mesh microstructure. However, a foil
microstructure of the agarose hydrogel was recently observed and described. It
is important to differentiate these two microstructure as they have different
properties. In this work, the use of terahertz time domain spectroscopy (THz-
TDS) to differentiate the two microstructure of agarose hydrogels was
demonstrated. Using the global hydration number calculated from the THz
permittivity, it was found that the two microstructures have different hydration
environments, with the foil microstructure having a greater hydration number
than the mesh microstructure. To validate the presence of the two distinct
microstructures, scanning electron microcopy (SEM) was used to visualize the
microstructures and rheometry was employed to demonstrate the difference in
their chain flexibility.

Tu-PM1-3-2

Low-Frequency Vibrational Spectroscopy And Crystal Structure
Predictions For Fumaric Acid And Maleic Acid

Salvatore Zarrella; Timothy Korter

Department of Chemsitry, 111 College Place, Syracuse

Low-frequency vibrational spectroscopy of molecular crystals provides new
benchmarks for validating crystal structure prediction methods based on
fundamental computational chemistry simulations. The terahertz and Raman
spectra of the lattice vibrations of crystalline maleic acid and fumaric acid have
been measured and then successfully modeled using solid-state density
functional theory to accurately account for the intermolecular forces in the
crystals. This rigorous computational approach has been combined with a

Tu-PM1-3-3



faster-running molecular mechanics evaluation of numerous crystal packing
variations to identify previously unknown polymorphs of both compounds.

Probing Ultrafast Non-equilibrium Dynamics In An Organic-dimer Mott

14:30 Insulator With Terahertz-infrared Continuum Probe Pulses

Tu-PM1-3-4

Konstantin Warawal; Yassine Agarmanil; Harald Schubertl; Martin Dresselz;
Michael Langl; Hartmut G. Roskos'; Mark D. Thomson'
"Max-von-Laue-Str. 1, Frankfurt am Main; 2Pfaffenwaldring 57, Stuttgart

We apply optical-pump terahertz-infrared-probe reflection spectroscopy to
study the non-equilibrium dynamics in the Mott insulator #-(BEDT-
TTF)Cu[N(CN)2]CI (»-Cl), following intra-molecular electronic excitation of
the organic dimers. The perturbation and subsequent relaxation of the
correlated electronic system is treated with a global spectral analysis including
a bleach of the inter-Hubbard-band transition and a photoinduced low-
frequency contribution from the excitations above the Mott gap, providing a
more complete picture of the nature of the excited states.

14:45 Crystal Symmetry Effects On Protein Structural Vibrational Signatures  Tu-PM1-3-5
Andrea Markelzl; Alexander McNulty-Romagueraz; Jeffrey McKinney3;
Deepu George4; Timothy Lafave’ ; Alex Davie6; Tod R0m07; Alan Grossﬁeld7;
Jason Benedict®; Xiaotong Zhang8
1239 Fronczak Hall, Buffalo; 2239 Fronczak Hall; *45 Dan Rd, Canton;
4Laurel Brook Road; > 239 Fronczak; 6West Henrietta, NY; 7Rochester, NY;
8Buffalo, NY

The method of terahertz anisotropic microspectroscopy (ATM) is robust
method to fingerprint protein structural vibrations. Potentially ATM could
address why there are evolutionarily dominant structural motifs as well as the
development of allosteric drugs for protein function regulation. However, it is
important to confront the possible pitfall that the structural vibrational bands
measured by ATM do not reflect in vivo dynamics. In particular, it is well
known that while many proteins can function in crystallo, proteins requiring
large conformational change cannot, due the crystal contact forces preventing
large-scale motions. Here we compare ATM measurements of hen egg white
lysozyme (HEWL) crystallized in three different symmetry groups to spectra
calculated using normal mode ensemble analysis (NMEA). The studies
demonstrate that in fact, as the actual atomic displacements are vastly smaller
than the crystal unit cell, there is little effect of the crystal contact forces on the
spectra.

Emission Of Coherent THz Magnons In An Antiferromagnetic Insulator

15:00 Triggered By Ultrafast Spin--phonon Interactions

Tu-PM1-3-6

Enzo Rongionel; Oliver Gueckstockz; Maximilian Mattern3; Olena Gomonay4;
Meer Hendrik4; Christian Schmitt4; Rafael Ramos> ; Takashi KikkawaG; Martin
Micica7; Eiji Saitoh5 ; Jairo Sinova4; Henri J affrésl; Juliette Mangeney7;
Sebastian Goennenwein®; Stephan Gerpraegsg; Tobias Kampfrathz; Mathias
Kléiui4; Matias Bargheer3; Tom Seifertz; Sukhdeep Dhillon7; Romain Lebrun’
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9Bayerischc—‘: Akademie der Wissenschaften

Antiferromagnetic (AFM) materials have been proposed for new types of
narrowband THz spintronic devices owing to their ultrafast spin dynamics.
Although manipulating coherently their spin dynamics remains a key
challenge, this can be potentially accomplished by spin-orbit torques or direct
optical excitations. Here, we demonstrate the combined generation of
broadband THz (incoherent) magnons and narrowband (coherent) magnons at 1
THz in ultra-thin films of AFM -- heavy metal (NiO/Pt). We show,
experimentally and through modeling, two excitation processes of the spin
dynamics in NiO, an off-resonant instantaneous optical spin torque in (111)
oriented films and a strain-wave induced THz torque induced by ultrafast Pt
excitation in (001) oriented films. These phenomena leads to broadband and
narrow band THz emission, respectively, through the inverse spin Hall effect in
the adjacent heavy metal layer, opening new routes towards the development of
fast opto-spintronic devices based on AFM materials.
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Stratospheric Balloon Missions For High Resolution Submillimeter-FIR

Astronomical Spectroscopy Tu-PM1-4-1

Paul Goldsmith

4800 Oak Grove Dr., Pasadena

Many spectral lines that are key tracers of star formation lie in the
submillimeter and far-infrared. This wavelength range is almost completely
blocked for astronomical observations by terrestrial water vapor, and studies
must be carried out from stratospheric or space platforms. Stratospheric
balloons are currently the only platforms for carrying out observations
throughout the 1000 -- 5000 GHz frequency range. I present the science goals
of two NASA Antarctic balloon missions that are being developed to observe
some of the most important fine structure lines. The Galactic/Extragalactic
Ultra/Long Stratospheric Terahertz Observatory (GUSTO; C. Walker,
[University of Arizona], PI), which will observe lines of N+, C+, and OO.
Employing a 90cm diameter telescope, GUSTO will map the central portion of
the Milky Way and the Large Magellanic Cloud. The s Astrophysics
Stratospheric Telescope for High Spectral Resolution Observations at
Submillimeter wavelengths (ASTHROS:; J. Pineda, [JPL], PI), which will
observe both fine structure lines of ionized nitrogen. With a 2.5m diameter
telescope, ASTHROS will have high angular resolution and be able to make
detailed measurements of the electron density in ionized regions. These
missions both depend on advances in technology that allow sensitive
submillimeter heterodyne focal plane arrays with modest power consumption.

Silicon Meta-Optics For Compact Space-Based Optical Systems Tu-PM1-4-2
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Conner Ballew; Sven van Berkel; Subash Khanal; Cecilia Leung; Leslie
Tamppari; Goutam Chattopadhyay
4800 Oak Grove Dr, Pasadena

Meta-optics made of low-loss dielectric material can simultaneously control
spatial, spectral, and polarization properties of light with high efficiency, and in
wavelength-scale volumes. By inverse-designing the shape of the Si layers
using multi-objective optimization, complex multi-functionality can be realized
offering an extraordinary path towards miniaturizing optical system. This talk
will cover the fabrication, assembly, and characterization of meta-optics
imaging systems being developed for space-based terahertz imaging. The
concept of an extremely small instrument capable of high-resolution
spectroscopy and high-gain beam steering enabled by meta-optics will be
presented.

Radiometric Calibration Of A Hyperspectral Microwave Sounder Tu-PM1-4-3
Natalia Bliankinshteinl; Philip Gabrielz; Olivier Auriacombe’ 0 Yl Huang4;

Mengistu Wolde>; Shiqi Xu’; Lei Liu%; J ean-Christophe Angevain6

11200 Montreal road U-61, Ottawa; 2Wolfville; 3Gothenburg; 4Montreal;

>Ottawa; 6Noordwijk

Hyperspectral microwave sounding of atmospheric temperature and humidity
profiles is a promising application for spaceborne weather observation. This
approach extends the capabilities of more traditional infrared sounders to
include in-cloud retrievals, significantly expanding the observational scope of
the remote sensing technique. Calibration of microwave spectrometers is a vital
step, ensuring the accuracy of observations and, consequently, retrieved
profiles. Here, we study the calibration of HISRAMS, a prototype tested on an
airborne platform in Canada in 2021--2023. Due to design constraints,
HiSRAMS is susceptible to errors arising from quasi-optical standing waves
and environment-dependent biases. Cryogenic calibration results, standing
wave corrections, and bias analysis are discussed.

On The Design Of Wide Band Multi-lens Focal Plane Arrays For The

TIFUUN Instrument Tu-PM1-4-4

Alexandra Mavropouloul; Shahab Oddin Dabironezarel; Jochem Baselmansz;

Akira Endo1

1Mekelweg 4, Delft; Niels Bohrweg 4, Leiden

Terahertz Integral Field Unit with Universal Nanotechnology (TIFUUN) is a
wideband spectral mapper operating at (sub)-millimeter wavelengths. The
instrument is under development for ground-based astronomy and will be
deployed to the ASTE telescope in Chile. In this work, the building blocks for
TIFUUN's wideband (2:1) mappers are discussed. These components are based
on multi-lens focal plane arrays of leaky lens antennas coupled to filter banks
based on Microwave Kinetic Inductance Detectors.

Two-Dimensional Fixed-Frequency Terahertz Beam Steering Based On
Displacement Controlled Leaky-Waveguides

Naoki Tanaka; Yasuaki Monnai

4-6-1, Komaba, Meguro-ku

Terahertz waves are expected to accommodate broad bandwidth required for

Tu-PM1-4-5
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the Beyond 5G/6G. However, diffraction losses of terahertz waves become
much severer than that of microwaves. To negate the diffraction losses,
directional transmission with terahertz beam steering capability is strongly
needed. Currently, practical phase shifters to implement beam steering in the
terahertz band are not available. To address this challenge, we develop a novel
method of two-dimensional beam steering based on a displacement-controlled
leaky-waveguide composed of parallel metal plates, which is fed by a planar
parabolic mirror. We demonstrate two-dimensional beam steering without
sweeping the frequency. This method will be important for practical wireless
communication.

MmWave Vs FSO Propagation: First Results From An Experimental
Testbed In Italy

Elizabeth Verdugol; Lorenzo Luiniz; Carlo Rivaz; Gianluca Galzeranol; Laura

Tu-PM1-4-6

Resteghini3; Christian Mazzucco3; Roberto Nebuloni!

piazza L. da Vinci, 32, Milan; 2Via Ponzio 34/5, Milan; 3Centro Direzionale
Milano 2, Palazzo Verrocchio Se, Milan

Optical wireless links, namely Free-Space Optics (FSO), and mmWave links,
appear to meet the high-capacity requirements for backhauling in the next-
generation communications systems. However, wireless links at such high
frequencies are susceptible to weather conditions. Specifically, FSO is severely
affected by fog attenuation, while mmWaves struggle through the rain.
Moreover, the theory predicts that the impact of rain on FSO is not as
significant as on mmWaves, due to the forward scattering gain. Two mmWave
links (at E- and D-band, respectively) and a near-IR FSO link have been
deployed across an 800-m path in Milan, Italy, to study those effects. The
experimental setup also includes weather sensors (disdrometers and
visibilimeters) on either side of the path. Results collected during an 8-hour
rainy event are presented here. FSO attenuation (in dB) is around 50% of
mmWave attenuation at a peak rainfall rate of 20 mm/h
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Terahertz-driven Electron Field Emission And Ion Field Evaporation:
Application To Atom Probe Tomography

Angela Vellal; Michella Karaml; Jonathan Houardl; Ganesh Damarlal; Said
Idlahcenz; Anna Martinez’ ; Domenico Papar03; Ammar Hideur?
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Single-cycle terahertz (THz) pulses have been used to drive electron emission
from biased and unbiased metallic nano-tips. The electron emission yield and
the maximum electron energy are linked to the THz near-field. Recently, the

development of similar approaches to drive ions emission was reported. Field
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emission of positive ions from a nanometric tip (called field evaporation) is the
basic principle of the Atom Probe Tomography, which is a 3D imaging
technique based on controlled field evaporation of atoms from a nanometric
needle shaped sample under a strong electric field. Here we report on the use of
single-cycle THz pulses to emit electrons and ions from nanometric tips. The
THz source used in our experiments is a homemade laser based on two-color
plasma generation. By election emission, the temporal shape of the THz near-
field signal is measured as a function of the relative time delay between the
THz pulse (pump) and the near infrared pulse (probe). In the case of positively
biased nanotips the enhancement of terahertz field allows to trigger the
emission of positively charged ions from the nano-tip. Based on this effect, we
demonstrate a high-chemical and spatial resolutions terahertz- assisted APT
instrument.

Detection Of Nucleocapsid Proteins Of COVID-19 Using A Terahertz

Chemical Microscope Tu-PM1-5-2

Xue Dingl; Sayaka Tsujiz; Mana Murakami’; Jin Wang4; Hirofumi Inoue
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Since the first person infected with COVID-19 was diagnosed in December
2019, the infection has spread rapidly all over the world. PCR and antigen
testing are commonly used to detect infection, but detection sensitivity and
sample size can be improved. In our group, a terahertz chemical microscope
(TCM) has been developed. In this study, we successfully detected the SARS-
CoV-2 nucleocapsid proteins (N protein) in solutions by immobilizing the
aptamer and N protein on a sensing plate using avidin-biotin reaction.
Terahertz ATR Sensing Of Cell Membrane Permeabilization during

Trypsin Proteolysis Tu-PM1-5-3

Guilhem Gallotl; Blandine Lordon?
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Using both terahertz ATR sensing and fluorescence confocal microscopy, we
were able to disentangle permeabilization and geometry effects and to provide
quantitative dynamics during trypsinization. We observed that geometric
effects are negligible at low concentrations of trypsin and become noticeable at
high concentrations. Permeabilization is clearly observed by terahertz sensing
even at the lower concentrations, with potentially harmful consequences for the
treated cells.

Out Of Focus Terahertz Reflection Measurements For The Determination
Of The Porosity Of Pharmaceutical Tablets Based On The Refractive Tu-PM1-5-4
Index

Moritz Anuschekl; Thomas Kvistgaard Vilhelmsenz; J. Axel Zeitler3; Jukka
Rantanen4
1Universitetsparken 2, Kgbenhavn; ZNovo Nordisk Park 1, Maalov; 3Philippa

Fawcett Dr, Cambridge; 4Universitetsparken 2, Copenhagen



The refractive index of pharmaceutical tablets at terahertz frequencies has been
known to correlate well with tablet porosity, making terahertz time-domain
spectroscopy (THz-TDS) a promising approach to monitor the physical
attributes of tablets. THz-TDS transmission measurements are commonly
applied for this purpose; however, reflection measurements should be
considered as it probably would be easier to implement in a production setting
and does not rely on the sample thickness. In this study the applicability of out
of focus THz-TDS reflection measurements for the refractive index of
pharmaceutical tablets of different mass and porosity is demonstrated. A good
correlation of the refractive index and tablet porosity was found. Further, the
measurement of the sample surface without prior focus adjustment allowed for
an additional height determination. The developed method was considered a
promising approach to determine tablet porosity in a pharmaceutical
manufacturing setting.

Broadband Mm-wave Sealed-volume Liquid Bio-sensor Exploiting
14:45 Tailored Delocalization Of Modal Fields In A Micro-scale Silicon Tu-PM1-5-5
Waveguide

Daniel Headlandl; Daniel C. Gallegoz; Mubhsin Aliz; Ashish Kumarl; Marina
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C.alrpintero1
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We demonstrate mm-wave sensing of a sealed volume of bio-liquid via a
dielectric waveguide's evanescent fields, which are enhanced by narrowing the
guide core in order to reduce field confinement. This is exploited to investigate
whether a culture of Gliboblastoma cells effects a measurable change in the
composition of a nutrient solution. A small discernible decrease in absorption is
observed, indicating potential for future safe and noninvasive mm-wave
diagnostic tools.

Evaluation Of Reflective Properties Of Meta-atoms Using Point Terahertz
Sources And Its Application In Microfluidics

Luwei Zheng; Kazuki Hara; Masayoshi Tonouchi; Kazunori Serita

Suita, Osaka, Japan, Osaka, Japan

We present the evaluation of reflective properties of terahertz (THz) meta-
atoms, an elementary unit of metamaterials, by using point THz sources in the
near-field region and their application in microfluidics. The near-field THz
emission is locally generated in the process of optical rectification in a non-
linear optical crystal, GaAs at a femtosecond laser focusing irradiation spot and
excites the meta-atoms, which results in a change in the resonance states. The
reflected THz wave pulses are detected by using a typical THz Time-domain
spectroscopy technique. The response of meta-atoms with various
configurations has proved to be of great potential in interacting with each other
in a very sensitive way due to the electric-field-coupling-effect, which leads to
a higher spatial resolution and detecting sensitivity. These results promise to
accelerate the development of industrial/medical applications with micro-scale
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resolution and THz lab-on-chip devices with high sensitivity for bio-sensing
and trace amount detection.

Polarization-Sensitive THz Time-Domain Imaging Of 27 By 27 Mm2 Field
Of View At About 0.5 Frames Per Second Using The PHASR Scanner 3.0
Zachery Harris; Kuangyi Xu; M. Hassan Arbab

Bioengineering, 100 Nicolls Rd., Stony Brook

We present the terahertz Portable HAndheld Spectral Reflection (PHASR)
Scanner version 3.0, a polarization-sensitive imaging system, which can
acquire a 1 inch-square full THz-TDS images in about 2 seconds. Here, we
demonstrate three improvements made from the previous generation of PHASR
Scanners: (1) changes to the beam steering, hardware and algorithms that allow
faster scanning speed (2) a four-channel design featuring two emitters and two
detectors to allow single-shot acquisition of multiple polarization states, and (3)
the addition of an achromatic waveplate for control of the generated
polarization states. We will present spectroscopic and polarimetric applications
of this system.
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Terahertz Electrometry Via Infrared Spectroscopy Of Atomic Vapor Tu-PM2-1-1

Shuying Chen; Dominic J. Reed; Andrew R. MacKellar; Lucy A. Downes;
Nourah F. A. Almuhaw; Matthew J. Jamieson; Charles S. Adams; Kevin J.
Weatherill

Durham University, Durham

Nowadays, the characterization of radiation falling within the so-called
"terahertz (THz) gap" has become an prominent issue due to the increasing use
of THz systems in applications such as non-destructive testing, security
screening, telecommunications, and medical diagnostics. THz detection
technologies have advanced rapidly, yet traceable calibration of THz radiation
remains challenging. Here we demonstrate a system of electrometry in which a
THz signal can be characterized using laser spectroscopy of highly excited
(Rydberg) atomic states. We report on proof-of-principle measurements that
reveal a minimum detectable THz electric field amplitude of 1.07 + 0.06 V/m at
1.06 THz with 3 ms detection time, corresponding to a THz power at the
atomic cell of approximately 3.4 nW. Due to the relative simplicity and
cryogen-free nature of this system, it has the potential to provide a route to a SI
traceable "atomic candle" for THz calibration across the THz frequency range
and provide an alternative to calorimetric methods.

Investigation Of Fast Frequency Selective Qualitative Terahertz

Tu-PM2-1-2
Spectroscopy

Rejeena R Sebastian; Redwan Ahmad; Xavier Ropagnol; Francois Blanchard
100 Notre-Dame St W, Montreal, Quebec H3C 1K3, Montreal

We present a new method for ultrafast qualitative terahertz (THz) spectroscopy
using a combination of broadband THz pulses and a Schottky energy sensor.
By integrating a mechanical chopper composed of frequency-selective surfaces
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in front of the detector, samples are identified by combining unique spectral
signatures normalized to each filter transmission. This simple scheme will have
a significant impact on the advanced detection of THz solutions for real-world
applications and provide a new playground for predictive modelling of the THz
signal.

Rapid-Scan High-Resolution Frequency-Domain THz Spectroscopy With

Dynamical Phase Control Tu-PM2-1-3

Yuto Shoji; Eiji Ohmichi; Hideyuki Takahashi; Hitoshi Ohta

1-1 Rokkodai, Nada, Kobe

In this study, we developed a technique for rapid-scan high-resolution THz
spectroscopy. By locking the photocurrent at its extremum using a feedback
circuit, a high-speed data acquisition rate as fast as 18 points/s was achieved.
This value corresponds to about hundredfold improvement from our previous
setup. We compared transmission spectra between the present and previous
techniques, and found that both gave identical results. The present technique
was applied to THz spectroscopy of gas-phase acetonitrile, and the periodic
absorption spectra with a spacing of 18.30 GHz, characteristic for gas-phase
acetonitrile was successfully observed. The present technique will be useful for
spectroscopic studies of sharp resonances in the THz region such as electron
spin resonance, gas-phase spectroscopy, and whispering gallery mode
resonance.

10 THz Bandwidth With A Fiber-Coupled THz Time-Domain Tu-PM2-1-4
Spectrometer

Tina-Celine Hesselmann; Lars Liebermeister; Alexander Dohms; Steffen

Breuer; Shahram Keyvaninia; Marko Gruner; Konstantin Wenzel; Martin

Schell; Robert Kohlhaas

Einsteinufer 37, Berlin

Fiber-coupled terahertz (THz) time-domain spectrometers (TDS) are versatile
tools that are used extensively in academia and industry. Here, we examine two
different THz sources with the aim to reach the highest spectral bandwidth: A
DSTMS crystal and a photoconductive membrane emitter. With both sources,
we demonstrate record bandwidths around 10 THz. At the same time, the
photoconductive emitter leads to a 30 dB-higher peak dynamic range of up to
100 dB at 1 THz.

Single-shot Spectrometers And Realtime THz Digitizers, Using Diversity
Electro-Optic Sampling (DEOS)

Eléonore Roussell; Christophe Szwajl; Clément Evainl; Bernd Steffenz;

Tu-PM2-1-5

Christopher Gerthz; Marie Kristin Czwalinnaz; Bahram J alali3; Serge
Bielawski®

Bat. P5; INotkestr. 85, Hamburg; 3University of California Los Angeles; “Bat.
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Recording a THz waveform in single-shot is needed in Time-Domain
Spectroscopy (TDS) and the study of accelerator physics. However, existing
methods suffer from fundamental trade-offs in bandwidth, resolution, and
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sensitivity, which have limited their applications so far. We present here a new
method for single-shot Time-Domain Spectrometers -- or equivalently terahertz
Analog to Digital Converters (ADC) -- that can be operated with
unprecedented temporal resolution and bandwidths. The core of the method
consists of a novel association of classical THz electro-optic detection, together
with the theoretical concept known as diversity, borrowed from photonic time-
stretch. We present prototypes and tests of two single-shot systems: a TDS
system capable of single-shot THz spectroscopy with record spectral
resolution, and a THz recorder that records the electric field created by 200 fs
long relativistic electron bunches at European XFEL.

Single-Shot Terahertz Waveform Detection By Chirped-Pulse Up-

Conversion Spectroscopy With Dispersion Compensation Tu-PM2-1-6

Ryo Tamakil; Jun Takedaz; Ikufumi Katayama2

1705-1 Shimoimaizumi, Ebina; 279.5 Tokiwadai, Hodogaya, Yokohama
Chirped-pulse spectroscopy combined with single-shot electro-optic (EO)
sampling enables to detect terahertz waveform in time-domain without
scanning the relative time delay between the terahertz wave and the probe
pulses. In this study, we demonstrate reduction of the waveform distortion
appeared in the chirped-pulse spectroscopy by combining sum-frequency
generation and dispersion compensation. In addition, by performing the phase
offset EO sampling, the positive and negative phase offset signals were
measured simultaneously to reduce the common mode noise. As the result,
single-shot terahertz waveform detection with a £50 V/cm accuracy was
achieved.

Comparative Study Of Terahertz Chemical Microscopy And Flexible
ISFET Approaches For Calcium Ion Detection

Sota Yoshidal; Toshihiko Kiwal; Jin Wangl; Kenji SakaiZ

'Kita-ku, Tsushima-naka 1-1-1, Okayama city; 2Tatara-Toya 1-3, Kyotanabe
city

Tu-PM2-1-7

In this study, we conducted a comprehensive comparison of two advanced
techniques, terahertz chemical microscopy (TCM) and ion-sensitive field-effect
transistors (ISFET), for calcium ion detection. The results revealed the
advantages and limitations of TCM and flexible ISFET, offering valuable
insights into their applications and improvements.
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Quantitative Terahertz Magnetometry Tu-PM2-2-1
Dmitry Turchinovich'; Wentao Zhang2
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Here we present the adaptation of THz emission spectroscopy to precise
measurements of ultrafast magnetization dynamics in materials [1]. Within our
approach, the sub-picosecond and picosecond dynamics of a macroscopic
magnetic moment in a material can be reconstructed from the observable - the



THz electrooptic signal detected in a far-field, in a fully calibrated manner. As
an example, we present the measurement of ultrafast demagnetization in laser-
excited iron nanofilm, and demonstrate two contributions to the process - direct
laser-driven transient demagnetization via hot-magnon emission, and an
additional process of transient demagnetization driven by a coherent acoustic
phonon [2]. The challenges and requirements for successful implementation of
ultrafast THz magnetometry will be discussed. The quantitative effect of
spectrometer misalignment and the most optimal THz emission spectrometer
configuration will be demonstrated. [1]. W. Zhang and D. Turchinovich,
"Rigorous signal reconstruction in terahertz emission spectroscopy," Opt.
Express 29, 2441 (2021). [2]. W. Zhang, P. Maldonado, Z. Jin, T. S. Seifert, J.
Arabski, G. Schmerber, E. Beaurepaire, M. Bonn, T. Kampfrath, P. M.
Oppeneer, and D. Turchinovich, "Ultrafast terahertz magnetometry," Nature
Communications 11,4247 (2020).
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Coherent excitations of magnetically ordered materials, referred to as spin
waves and their quanta, magnons, have emerged as prominent candidates for
interference-based signal processing technologies. Despite growing interest in
manipulating magnonic states beyond thermodynamic equilibrium, elucidating
and inducing coherent couplings between distinct magnon modes remains a
formidable challenge. By developing and employing a novel two-dimensional
(2D) terahertz (THz) polarimetry technique facilitated by single-shot detection,
we successfully uncover correlated magnonic states at the sum and difference
frequencies of the two modes, as well as a second-order magnon upconversion
response. These findings not only expand the domain of nonlinear magnonics
by incorporating antiferromagnets but also lay the groundwork for further
advancements in the ultrafast control of magnetism.

Femtosecond Laser-induced Ultrafast Magnetization In Two-dimensional
Magnetic Material-antiferromagnetic Heterostructures

Peiyan Lil; Sai Chenl; Shanshan Liuz; Faxian Xiuz; Wei He3; Xiaojun Wu'
No. 37 Xueyuan Road, Haidian District, Beijing; 257 Wudong Road, Yangpu
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Here, we demonstrate the ultrafast magnetization of the two-dimensional
magnetic material Fe3GeTe2 (FGT) pumped by 80-MHz femtosecond laser
pulses, which is discovered by the spintronic terahertz (THz) emission
spectroscopy in (Fe3GeTe2/CrSb)3 superlattice. Measurements at room
temperature reveal the emergence of light-tunable room-temperature
ferromagnetism in FGT, as its intrinsic Curie temperature TC is 206 K. As
verification for this wondering phenomenon, we also measured the ultrafast
magnetization dynamics by tr-MOKE.

Hysteresis-induced Multistability In A Nonlinear Terahertz Split Ring
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Gervais Dolvis Leutcho; Lyne Woodward; Francois Blanchard
1100 R. Notre Dame O, Montréal

The development of photonic memory devices will be a big issue in the future
for applications such as communication. Multistability will therefore be a
desired behavior for such devices. In this paper, the dynamical behavior of a
nonlinear split-ring resonator (NSRR) under AC and DC excitation is
investigated in two-parameter space diagram at terahertz (THz) frequency
regime. The hysteresis effect induces multistability in the NSRR and some
coexisting dynamic regions are revealed. The results obtained in this work not
only demonstrate that multistable metasurfaces are feasible, but also provide
some numerical leads to researchers who are already thinking about the
development of multistable terahertz devices.

High Field Terahertz Time-Domain Spectroscopy Of Lactose
Monohydrate

Thomas Gill; Andrew Burnett; Connor Kidd; Aniela Dunn; Joshua Freeman;
Edmund Linfield; Alexander Davies; Paul Dean; Calum Towler; Lianhe Li
University of Leeds, Woodhouse Lane, Leeds

High field terahertz spectroscopy measurements of lactose monohydrate are
presented. It is found that the feature at 0.53 THz, relating to the translatory
motion of the lactose molecules along the long axis of the unit cell, becomes
saturated with an incident THz field strength of 26 kV/cm for a pure powdered
lactose sample. We also obtain an estimate of the feature at 1.37 THz to
become saturated with a THz field strength of 205 kV/cm. This nonlinear
saturation indicates the potential of dynamically distorting the crystal structure
at sufficiently high fields.

Terahertz Nonlinear Photonics Based On The Ultrafast Thermodynamics
Of Quantum Materials

17:15 Tu-PM2-2-5
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Klaas-Jan Tielrooij

Den Dolech 2, Eindhoven

Quantum materials with massless Dirac fermions -- such as graphene and
topological insulators -- exhibit extremely large terahertz nonlinearities. This is
the result of their ultrafast thermodynamics: efficient electron heating-cooling
dynamics taking place on femtosecond-picosecond timescales. We have
recently developed a grating-graphene metamaterial with local field
enhancement, giving rise to strongly enhanced THz nonlinearities in graphene.
These grating-graphene metamaterials, however, suffer from saturation effects
due to inefficient electronic heat dissipation, and therefore produce limited
harmonic output power. Most recently, we have used a topological insulator
system with surprisingly efficient surface-to-bulk electronic heat dissipation,
which strongly reduces saturation effects. As a result, we demonstrated close to
a milliwatt of generated third harmonic signal from a fundamental signal at 500
GHz. These results have interesting prospects for nonlinear terahertz photonic
applications.
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Graphene, with its massless Dirac surface states, exhibits large THz nonlinear
susceptibilities leading to efficient THz high harmonic generation (HHG).
However, the THz HHG efficiency in graphene strongly saturates with
increasing incident field strength, limiting the HHG field conversion efficiency
to a level of 1%. Here, we show that the THz HHG efficiency can be
significantly enhanced at high THz driving fields by mitigating the overheating
problem, making use of the efficient heat exchange between surface and bulk
states of topological insulators. By implementing topological-based
metamaterials for field enhancement, THz third harmonic generation with
~10% field conversion efficiency is demonstrated. These results are of
particular interest for efficient on-chip optoelectronic devices operating at
ultrahigh frequencies.

Observation Of Terahertz Emission From Topological Material Candidate
SrCd2Sh2 Single Crystals

Po-Wei Gongl; Yi-Cheng Chengl; Pei-Tsung Yangl; Xin-Yun Changl; Jiun-
Haw Chuz; Cheng-Chien Chen3; Jiunn-Yuan Linl; Chih-Wei Luol; Chien-
Ming Tu!
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C121, Box 351560, Seattle; 3Campbell Hall, Rm.310, 1300 University Blvd.,
Birmingham
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We report on terahertz emission from topological material candidate SrCd2Sb2
single crystals under ultrafast optical excitation with different polarization.
Nonzero circular dichroism of the emitted THz radiation were observed as the
polarization of optical pulses switch from right circular polarization to left
circular polarization. The observed phenomena are coincident with circular
photogalvanic effect. Our work demonstrates the potential applications of
SrCd2Sb2 on opto-spintronics devices.

16:45 Topological Materials For Helicity-dependent THz Emission Tu-PM2-3-3
Abdul Mannan'; Yahya Saboon'; Chelsea Xia?; Djamshid Damryl; Piet
Schoenherrz; Dharmalingam Prabhakaranz; Laura M Herzz; Thorsten
Hesjedalz; Michael Johnstonz; Jessica Louise Boland!

1University of Manchester, Oxford Rd, Manchester; 2University of Oxford,
Parks Rd, Oxford
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Topological insulator (TI) materials are emerging as novel materials for
spintronic applications. Here, we demonstrate helicity-dependent THz emission
from Dirac semi-metal Cd3As2 nanowires and used scattering-type scanning
optical microscopy (s-SNOM) to identify potential single nanowire candidates
for device applications. The preliminary investigation data of a candidate
nanowire shows a homogenous topography and constant dielectric function in
the MIR range. Indicating high-quality crystalline growth ideal for topological
characterization.

Terahertz Surface Plasmon Resonance In Dirac Electron System

Topological Insulator (Sb, Bi)2(Te, Se)3 Tu-PM2-3-4

Hinano Sugimotol; Kana Nishimura?; Hitoshi Tabata?

1Engineering Building 5, 7-3-1 Hongo, Bunkyo-ku, Tokyo-to; 2Engineering
Building 5, 7-3-1 Hongo, Bunkyo-ku

Terahertz wave, corresponding to intermolecular binding energy, is the key to
realize a non-labeling bio-medical sensor. We aim to enhance the sensitivity by
a selective resonant excitation effect of the specific binding and surface
plasmon at the THz band. Here, we report the THz-SPR of (Bi, Sb)2(Se, Te)3
in both experiments and calculations. We have revealed that bulk electron
influence seen in band structure may not contribute much to SPR, and Bi2Se3
has the highest Q value among graphene or topological insulator below 1 THz.
Furthermore, the sugar chain-lectin specific binding, which has weaker
interactions than antigen-antibody binding, was also observed due to the
enhancement of Bi2Se3 THz-SPR.

Temperature Dependance Of Intrinsic Spin Orbit Coupling Gap In

Graphene Probed By Terahertz Photoconductivity Tu-PM2-3-5

Kenneth Maussangl; Khalid Dinarl; Cédric Brayl; Christophe Consejol; Juan

Antonio Delgado-Notarioz; Sergey Krishtopenkol; Ivan Yahniuk?; Sebastian

Gerbertl; Sandra Ruffenachl; Erwin Moench4; Kornelia Indykiewicz5 ;

Benjamin Benhamou -- Buil; Benoit Jouaultl; Jérémie Torresl; Yahya
Moubarak Mezianiz; Wojciech Knapl; August Yurgens6; Sergey Ganichev> ;
Frédéric Teppe1

IPlace Eugene Bataillon, Montpellier; 2USAL-Nanolab, Salamanca; 3Terahertz
Centre, Regensburg; 4Terahertz Center, Regensburg; 3 , Wroclaw University of

Science and Technology, Wroclaw; %Chalmers University of Technology,
Goteborg

Graphene is a quantum spin Hall insulator, with a nontrivial topological gap
induced by the spin-orbit coupling. Such splitting is weak (~45ueV) in the
absence of external magnetic field. However, due to rather long spin-relaxation
time, graphene is an attractive candidate for applications in quantum
technologies. When it is encapsulated in hexagonal boron nitride, the coupling
between graphene and the substrate compensates intrinsic spin-orbit coupling
and decreases the nontrivial topological gap, which may lead to phase
transition into a trivial band insulator state. In this work, we have measured
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experimentally the zero-field splittings in monolayer and bilayer graphene by
the means of subterahertz photoconductivity-based electron spin resonance
technique. The dependance in temperature of such splittings have been also
studied in the 2-12K range. We observed a decrease of the spin splittings with
increasing temperature. Such behavior might be understood from several
physical mechanisms that could induce a temperature dependence of the spin-
orbit coupling. These includes the difference in the expansion coefficients
between the graphene and the boron nitride substrate or the metal contacts, the
electron-phonon interactions, and the presence of a magnetic order at low
temperature.
Tunable Plasmonic Graphene Antenna Array For Communications At

. Tu-PM2-3-6
THz Frequencies

Elana P. de Santana'; Daniel Stock; Zhenxing Wangz; Kun-Ta Wangz; Sergi
AbadalS; Max Lemmez; Peter Haring Bolivar!

"Holderlinstr. 3, Siegen,; 20tto-Blumenthal-StraBe 25, Aachen; 3Jordi Girona,
1-3, Modul D6, Barcelona

The existence of plasmonic waves at a graphene/dielectric interface at THz
frequencies enables the use of graphene as the radiative element of antennas
working at this frequency range, but with a smaller lateral dimension compared
to a standard metallic antenna. Due to the low carrier mobility in large-area
graphene, result of its manufacturing process, the emitted radiation of graphene
antennas is still smaller than its metallic counterpart. In this work, we show that
the low emission of a graphene antenna can be compensated by antenna arrays.
The proposed 1x4 graphene antenna array presents a far-field radiated gain of
9.3 dBi with a resonance frequency at 269 GHz. The resonating frequency of
the graphene antenna array can also be tuned by an electrostatic bias.

Tuneable Terahertz Frequency-selective Absorber Based On A

Graphene/gold Bilayer Metasurface Tu-PM2-3-7

Andrew Squiresl; Xiang Gaoz; Jia Dul; Zhaojun Hanl; Dong han Seo’ : James

Cooperl; Adrian Murdockl; Simon Laml; Ting Zhangl; Tim van der Laan!

136 Bradfield Road, Lindfield; 2Haidan District; 3N aju

In this work, a 0.2 THz electrically tuneable frequency-selective absorber is
designed, fabricated, and experimentally tested. The tuneable absorber is
achieved through a novel graphene/gold bilayer with a superimposed
metamaterial structure. With this approach, a high-quality resonance is
provided by the gold, with electrical tuneability from the graphene, in the
bilayer. 16 dB of amplitude tuning at the designed 0.2 THz resonance is
demonstrated, alongside 95% broadband modulation for only 6V applied bias.
Terahertz time domain spectroscopy in reflection geometry is used to
experimentally characterize the device, developed through an equivalent circuit
model and three-dimensional full wave modelling and simulation in CST
Microwave Studio. The design, fabrication and testing method are readily
adaptable to other non-tuneable metal metasurfaces to produce a myriad of
reconfigurable terahertz devices.




16:00 - 18:00 Passive Components international

Chairperson(s): Hui Yuan,

A Spiral Phase Plate Prepared Via High-resolution 3D Printing For THz

16:00 Vortex Beam Generation

Tu-PM2-4-1

Andreea Aura Paraipanl; Innem V. A. K. Reddyz; Giacomo Balistreril; Luca

Zanottol; Diana Gonzales-Hemandez3 : Mostafa Shalaby4; Roberto

Morandottil; Carlo Liberale3; Luca Razzari!

11650 Blvd. Lionel Boulet, Varennes; >Thuwal 23955-6900, Kingdom of Saudi
Arabia; 3Thuwal 23955-6900; 48005 Ziirich

Three-dimensional (3D) printing technologies have recently been used for the
fabrication of custom optical components in the terahertz (THz) range, with
benefits related with flexible design, fast prototyping, and preparation of on-
demand devices. However, standard 3D printing methods have a limited spatial
resolution (~100 Aum), typically allowing the fabrication of components with
the necessary precision only for frequencies of a few hundred GHz. The
advanced 3D printing method based on two-photon polymerization (TPP) can
instead give access to nanoscale resolutions (< 100 nm). Here, we employ this
technique to fabricate a spiral phase plate (SPP, i.e., a device that can convert a
Gaussian beam into a vortex beam with a helical phase) operating at around 1
THz. Using our recently developed scanless THz time-domain imaging (TDI)
method, we experimentally retrieve hyperspectral information about both the
amplitude and phase of the generated vortex beam, which is found to agree
with the results of our numerical simulations.

16:15 Fabrication Of Freestanding THz Band-pass Filters Tu-PM2-4-2

Erwin Hack; Ivan Shorubalko; Jil Graf; Peter Zolliker; Elena Mavrona
Uberlandstrasse 129, Dubendorf

We present a fabrication concept for freestanding THz filters and other
photonic elements. It uses a polymer film substrate onto which a designed
metamaterial is processed using standard clean-room processes. Elements are
framed to custom dimensions and shapes using 3D printing. The resulting
freestanding elements are robust, easy to handle, and mountable. We assessed
the performance of the fabricated band-pass filters using THz time-domain
spectroscopy. The process is adaptable to other wavelength ranges and has the
potential for upscaling in manufacturing.

16:30 A High Q-Factor 270 GHz 3D-printed Photonic Crystal Slot Resonator Tu-PM2-4-3
Yixiong Zhaol; Masoud Sakakil; Niels Bensonz; Jan Balzer!

Bismarckstrasse 81 , Duisburg; 2Bismarckstr. 81 , Duisburg

In this paper, we fabricate a PhC slot resonator using LCM technique. The PhC
with rectangular holes shows good performance and agrees with the simulation
results. The LCM technique has high potential for fabricating 3-dimensional
and complex structures for THz devices.
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17:00
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A Combined 60/170 GHz Notch Filter For Collective Thomson Scattering
At ITER

Dietmar Wagnerl; Walter Kasparekz; Fritz Leutererl; Harald SChﬁtZl; Jorg
Stoberl; Manfred Thumm3

'Boltzmannstr. 2, Garching; 2Pfaffenwaldring 31, Stuttgart; 3Kaiserstr. 12,
Karlsruhe

A Collective Thomson Scattering (CTS) diagnostic system is planned for the
International Thermonuclear Experimental Reactor (ITER), which will be a
primary diagnostic for measuring the dynamics of the confined fusion born
alpha particles in the ITER plasma. The probe beam for this diagnostic comes
from a 60 GHz 1 MW gyrotron. Since the measured signal close to the
frequency of the probing beam is in the nW range, the receiver has to be
protected with a narrow notch filter rejecting the gyrotron frequency. At the
same time it also needs protection against stray radiation from the 20 MW
ITER Electron Cyclotron Heating System (ECH), operating at 170 GHz.

Monte Carlo Evaluation Of The Effects Of Higher Order Modes In High-
power Millimeter-wave Systems

Burkhard Plaum

Pfaffenwaldring 31, Stuttgart

The effect of higher order modes on the performance of high-power millimeter
wave systems is evaluated with a Monte Carlo method. It makes use of the
superposition principle, which allows to simulate the system just for the pure
modes resulting in fundamental solutions. For the Monte Carlo analysis, we
generate linear combinations of these solutions for 1000s of mode mixtures.
The results are histograms for important parameters like peak power densities,
truncation losses and the overall heating efficiency. The results can be helpful
for the design of high-power millimeter wave systems, especially the
dimensioning of cooling systems or the definitions of safety margins in cases,
where the expected field strength is close to the breakdown limit.

Terahertz CPS-based Spoof Surface Plasmon Polariton Filter On Silicon
Nitride Substrate

Mohsen Haghighat; Thomas Darcie; Levi Smith

3800 Finnerty Road, Victoria

In this research, we have experimentally verified the performance of a
Terahertz (THz) spoof surface plasmon polariton (SSPP) device using a co-
planar strip (CPS) transmission line. The CPS-SSPP structure investigated here
was initially proposed in [Y.J. Guo, et al., "Spoof plasmonic waveguide
developed from coplanar stripline for strongly confined terahertz propagation
and its application in microwave filters," Opt. Express, 26, 8, 10589, 2018] [1],
but the authors were unable to verify the performance in the THz region due to
equipment limitations. We verify their work by using methods commonly used
in our research laboratory by fabricating the CPS-SSPP structure on a thin (1
pm) Silicon Nitride membrane to minimize the radiation loss and dispersive
effects. After noting inconsistencies incurred by the different substrate
conditions via simulation, we find the experiment results agree. Also, for the
first time, we demonstrate a guided wave SSPP stopband at a frequency greater
than 1.0 THz.

Tu-PM2-4-4

Tu-PM2-4-5
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Lattice Type Dependence Of Transmittance Spectrum In Moth-eye
Antireflective Structures Tu-PM2-4-7

Rikuo Koike; Shotaro Kawano; Haruyuki Sakurai; Kuniaki Konishi; Norikatsu
Mio

7-3-1, Hongo, Bunkyo-ku

Moth-eye structures fabricated by laser processing are attracting attention as a
broadband antireflection technology in the terahertz band. While increasing the
aspect ratio of the structure can broaden the antireflection bandwidth, there is a
limit to high aspect ratio processing by laser. In this study, we investigate the
dependence of moth-eye structure lattice types as an alternative solution to
increase the bandwidth. We fabricated moth-eye structures on high-resistivity
silicon with triangular, square, and hexagonal shapes using femtosecond laser
processing, and measured their transmittance spectra by terahertz time-domain
spectroscopy. In addition, numerical calculations of the transmission spectra
were performed using the finite element method from a simple model based on
the structural data of the sample. Both experimental and computational results
show that the hexagonal lattice moth-eye structure exhibits the broadest
antireflection bandwidth the cutoff frequency is 15% higher than that of the
conventional square lattice moth-eye structure. This conclusion can be applied
to laser-processed moth-eye structures in various frequency bands and is
expected to have a wide range of applications.

Masked Stereolithography 3D-printed Terahertz Diffractive Lens Tu-PM2-4-8

Po-Jen Yu'; Tsung-Chieh Tseng2 ; Yu-Hang Wangl; You-Chia Changz; Shang-
Hua Yangl

No. 101, Sec. 2, Guangfu Rd., East Dist., Hsinchu; 21001 University Road,
Hsinchu

The design, fabrication, characterization of a 3D-printed terahertz diffractive
lens operating at 300 GHz is presented. The designed diffraction lens is
composed of connected rectangular pillars to enhance mechanical stability. The
size of the square pixel is 500 ym, and the height of the prisms changed from
200 pm to 1800 xm to fully control 2 phase, based on the meta-atom library.
Moreover, we use a commercial masked stereolithography (MSLA) 3D printer
to fabricate the diffraction lens rapidly with precise structural accuracy and low
cost. Here, we demonstrate that the terahertz focusing ability of 3D-printed
diffraction lens and the new possibility of functional flat THz optics through
additive manufacturing techniques.

16:00 - 18:00 Chemistry, Biology & Medicine IT E‘temat“’“a'
Chairperson(s): Andrea Markelz,
16:00 Retrieving The Dynamic Hydration Profile Of Skin In Vivo With A Tu-PM2-5-1

Handheld Terahertz Probe
Xuefei Ding; A. I. Hernandez-Serrano; Emma Pickwell-MacPherson
Department of Physics, Coventry
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In this work, we measured human skin in vivo with a handheld terahertz probe
and demonstrated a method to retrieve the dynamic hydration profile of skin
from the raw THz data. We presented the hydration profiles of participants with
skin of different Fitzpatrick skin types, and results reveal some correlations
between the surface hydration of skin, the thickness of stratum corneum and
the skin types.

Slush-skin Thickness Measurements With Terahertz Time-Domain
Spectroscopy

Daniel Molter; Stefan Duran; Jens Klier; Dmytro Kharik; Dominik Gundacker;
Joachim Jonuscheit; Georg von Freymann
Fraunhofer-Platz 1, Kaiserslautern

Dashboards of modern vehicles are often covered with PVC skins, which are
sometimes made of two layers. To ensure safe airbag deployment in case of a
crash, their individual layer thicknesses must be measured non-destructively
directly after manufacturing. For this purpose, we have developed a terahertz
time-domain spectroscopy system with a hand-held reflective measurement
head.

Pulsed Terahertz Time Domain Spectroscopy For Evaluating Treatment
Efficacy: Initial Validation In Monitoring Pancreatic Ductal
Adenocarcinoma

Debamitra Chakrabortyl; Bradley N. Mills?; J ing Chengl; Ivan Komissarov';
Scott A Gerberz; Roman Sobolewski'

1Unive:rsity of Rochester, Rochester; 2Unive:rsity of Rochester Medical Center,
Rochester

Pancreatic Ductal Adenocarcinoma (PDAC) is a highly invasive malignancy
with limited curative effectiveness. Here, we report the viability of using pulsed
Terahertz (THz) time domain spectroscopy (THz TDS) to monitor the efficacy
of Stereotactic Body Radiation Therapy (SBRT) in treating PDAC in murine
models. Our study shows that THz imaging can provide reliable and
reproducible results to differentiate the changes in untreated and SBRT-treated
PDAC tissue using THz refractive index and absorption coefficient as mapping
parameters with statistical significance. Hence the study highlights that pulsed
THz-TDS can be used as a technique to monitor tumor responses to
immunotherapy, providing a comprehensive assessment of the tumor's reaction
to the treatment.

Hyperbolic-elliptical Lenses For Rapid THz Reflection Imaging Of Curved
Biological Surfaces

Arjun Virk; Zachery Harris; Hassan Arbab

100 Nicolls Road, Stony Brook

We describe a novel approach for designing a hyperbolic-elliptical lens pair
system and associated normal- incidence beam steering for rapid single-pixel
THz-TDS imaging of curved surfaces with a large field-of-view (FOV). The
lenses are optimized in an iterative algorithm to ensure phase-front matching to
spherical surfaces such as the human cornea. The lenses were fabricated using

Tu-PM2-5-2

Tu-PM2-5-3
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HDPE and their optical performance was characterized. The new lenses
provide a FOV which is 12% larger than previous methods using off-axis
parabolic mirrors, while the beam steering approach reduces scanning time
from several minutes to about 4 seconds or less. The scanner developed in this
work will enable in vivo imaging of corneas in clinical settings.

In-vivo Stratum Corneum Hydration Inspection Using A Non-invasive
Terahertz Hand-held Scanner

Arturo Hernandez Serrano; Emma Pickwell-MacPherson

Gibbet Hill Road, Coventry

In this work, we successfully measured the hydration dynamics and thickness
of the most external layer of skin; the stratum corneum (SC) of 95 healthy
volunteers accurately using our own home-built hand-held THz scanner in
reflection configuration. The water accumulation in this layer of skin has been
monitored within one minute in a non-invasive fashion.

17:15 Tu-PM2-5-5

Using THz-ATR Spectroscopy For Detecting Mimicked Interstitial Fluid
Flow In Ex Vivo Skin

Lorenza Pia Foglia; Bjgrn Hiibschmann Mglvig; Mads Ehrhorn; Miriam
Galbiati; Simon Jappe Lange; Peter Uhd Jepsen

@rsteds Plads, Building 343, Kongens Lyngby

17:30 Tu-PM2-5-6

The skin's interstitial fluid (ISF) holds a plethora of biosensing applications due
to its accessibility and its rich composition, similar to that of blood. THz-ATR
spectroscopy provides the right tools for the development of a non-invasive
biomolecular detection scheme in vivo, however, it also presents several
challenges. The detection must rely on whole frequency spectra, as these are
featureless for solvated biomolecules below 5 THz. The high data complexity
invites for the use of machine learning (ML) approaches to process the data.
ML approaches are very powerful yet they are very sensitive and require smart
engineering of data collection and amplification in order to build good training
datasets. We explore this by investigating how to build a dataset for
biomolecular detection in ex vivo skin. We propose an experimental procedure
for embedding a liquid solution in ex vivo pig skin samples that mimics the
ISF's flow from the hypodermis to the viable epidermis. The contrast due to the
absorbed solution is shown in the reflectivity and the reproducibility is assessed
with respect to sources of variability in the experimental procedure. An
optimized protocol represents a steppingstone to further studies towards in vivo
THz biosensing.

17:45 Wavefront Modified Spherical Vector Beams For THz Cornea Imaging Tu-PM2-5-7
Joel Lambergl; Faezeh Zarrinkhatz; Aleksi Tamminenl; Juha Ala—Laurinahol;
Zachary Taylor1
"Maarintie 8, Espoo; 2Entelrprise Cambridge Research Park, Cambridge

Ocular diseases can be detected in early-stage with non-destructive terahertz
imaging by analyzing cornea thickness and water content changes. We propose
wavefront-modified spherical vector beam imaging, which reduces nominal 4-5
% super-confocally focused Gaussian beam imaging errors to less than 0.1 %.

18:00 - 19:30 Poster Session 3 Foyer (3rd
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Recent Advances In THz Clinotrons Tu-P1-01

Alexei Kuleshov'; Sergey Vlasenko?; Sergey Kishko?; Sergey Ponomarenko® ;
Eduard Khutoryan2

112 ac. Proskura str., Kharkiv; 212 ac. Proskura str.; 3 Greifswald, 17491
Germany

Brief description of the clinotron operating parameters in millimeter and THz
ranges 1s presented. The various schemes of the clinotron tubes have been
considered and discussed, mainly focusing on the features like generation of
intensive sheet electron beam and its transportation with a small inclination
angle to the surface of the slow-wave circuit, thermal expansion of the slow-
wave circuit elements during the clinotron operation and requirements for the
water-cooling system, beam-wave interaction efficiency, both electronic and
mechanical frequency tuning. The advantages of the operation of the THz
clinotron with multi-period grating on the hybrid bulk-surface modes have been
shown and discussed.

THz Detection Optimization Of Antenna Coupled A1IGaN/GaN High

Electron Mobility Transistors Tu-P1-02

Maxim Moscotinl; Justinas J orudasl; Miroslav Saniukl; Pawel Prystawkoz;

Sergey Rumyantsevz; Wojciech Knapz; Grzegorz Cywinskiz; Irmantas

Kasalynas1

ISauletekio av. 3, Vilnius; 24l. Sokolowska 29/37, Warsaw

In this work we study the THz antenna coupled AlGaN/GaN high electron
mobility transistors (HEMTSs) in different configurations of the EdgeFET and
FinFET designs to develop a sensitive TeraFET detector. The dependence of
sensitivity on channel length is found experimentally studying two types of
radiation coupling via ohmic and capacitive connection of THz antennas.

Amplified Mode Switching Effect In THz Field Effect Transistors With
. Tu-P1-03
Grating Gate

Michael5184218830 Shur'; John Mikalopasz; Gregory Aizin?

19433 van Arsdale Drive, 9433 van Arsdale Drive, Vienna; 2Kingsborough
College of the City University of NYC, 2001 Oriental Blvd, Brooklyn

Short-channel, high-mobility grating gate THz structures maintaining resonant
oscillations of the electron density (i.e., plasma waves) in the device channels
have the potential to generate high power THz radiation. In this paper, we
report on a new effect of Amplified Mode Switching that involves intersecting
plasmonic modes and explain recent intriguing experimental data of switching
from attenuation to amplification in gated gate graphene structures.

Algorithm For Determination Of Cutoff Frequency Of Noise Floor Level

For Terahertz Time-domain Signals. Tu-P1-04



Edgar Santiago Reyes Reyesl; Ramon Carriles Jaimes'; Enrique Castro

Camus2

"Loma del Bosque 115, Leon; 2Renthof 5, Marburg

The frequency-dependent signal-to-noise ratio of terahertz time-domain signals
is a relevant source of uncertainty for parameters measured with it and limits
the total usable bandwidth of such signals. Also, nowadays, the volume of data
collected in a single data set, such as terahertz time-domain image, reaches
tens, and even hundreds of thousands of waveforms, and the calculation of the
usable bandwidth of these large datasets becomes a challenge, so this
calculation must be automated. In this work we present a method to estimate
the bandwidth of terahertz time-domain signals, which can be applied to signals
from any terahertz time-domain system.

Coherent Emission From A Linear Array Of RTDs Tu-P1-05
Fanqi Mengl; Zhenling Tangz; Jahnabi Hazarika®; Safumi Suzuki’; Roskos

Hartmut G

"'Max von Laue street 1, Frankfurt am Main; 2O-okayama 2-12-1-S9-3,

Meguro-ku,, Tokyo; 3Max von Laue street 1, Frankfurt

We report coherent emission from a linear array of resonant tunneling diodes
(RTDs), each embedded in a slot antenna. The line array consists of 11 RTD
elements. The RTD array shows single-frequency oscillation, which is an
indication of coherent coupling of the RTDs. The emission frequency features
two regimes: a low-frequency regime, where the odd mode will oscillate (the
phase of neighboring RTDs are opposite); a high-frequency regime, where the
even mode will oscillate (the phase of neighboring RTDs are the same). Which
of the two regimes dominates is found to depend on the oscillation frequency
of the RTDs.

Passive Compensation Method For Permanent Magnet Undulator Based
On Temperature Compensation Alloy

Longgang Yan; Peng Li; Lijun Chen

Mianshan Road 64, Mianyang

Tu-P1-06

The temperature has a negative impact on the magnetic field of permanent
magnet undulator, which must be suppressed to avoid worsening the stability of
light source. In this proceeding, a passive compensation method based on
temperature compensation alloy is proposed. The compensation condition is
derived and it is demonstrated that the method has an excellent temperature
compensation effect by simulation. The result shows the impact of temperature
on magnetic field is reduced remarkably. In addition, the method can be applied
to various types undulators because it isn't related to a specific structure.

Fabrication And Characterization Of Low Barrier Height InAs/GaxIn1-
xAs/InAs Heterostructure Diodes Toward Millimeter-wave Detection
Moto Inoue; Masatoshi Koyama; Toshihiko Maemoto; Shigehiko Sasa
5-16-1 Ohmiya, Asahi-ku, Osaka

This study presents the fabrication and characterization of new low barrier
height heterostructure diodes with a GalnAs triangular barrier for zero-bias

Tu-P1-07



millimeter-wave detection. The designed structure is composed of an n-
InAs/GaxInl-xAs/InAs/n-InAs heterostructure that has a low barrier of graded
Ga composition GaxInl-xAs layer. The heterostructure was grown, fabricated,
and characterized to confirm the nonlinear rectification effects. The proposed
low barrier diodes exhibit clear nonlinear current-voltage characteristics owing
to the triangular energy band barrier of GalnAs. Moreover, the zero-bias DC
current responsivity and differential resistance extracted from nonlinear I-V
curves are discussed.

Design Of Rectangular Microstrip Patch Antenna For Early Breast

Cancer Screens Tu-P1-08

Xuanxuan Zhangl; Lixia Yangz; Haiqing Liu®; Zhiyong Zou*; Weiming Li%;
Cuizhen Wang3; Yuan Yao*

' Anhui University, 111 Jiulong Road, Shushan District, Hefei City, Anhui
Province, China, hefei; 2 Anhui University, No.111, Jiulong Road, Shushan Di,

hefei; 3 No0.350, Shushan Lake Road, Luyang District, Hefei; 4N0.350, Shushan
Lake Road, Luyang District, Hefei, hefei

In this paper, a microstrip rectangular patch antenna for breast tumor
monitoring was designed. The antenna was designed h =1.6 mm, FR4 medium
plate with relative dielectric constant AZAur = 4.4 F/m, working in the
frequency ranges from 3.79 GHZ to 12.47 GHZ and can identify a radius of 5
mm mammary tumor. Simulation results show that the optimal return loss at
10.1 GHz is - 30.4 dB. Moreover, the large bandwidth obtained is 8.68 GHz
when the return loss IS111 < 10 dB. VSWR < 2 for the entire frequency band
range, indicating exactly matching the antenna.

A High-Order Mode Terahertz Extended Interaction Oscillator With
Three Electron Beams

Youfeng Yang; Ping Zhang; Yuan Zheng; Yang Dong; Shaomeng Wang;
Zhanliang Wang; Zhigang Lu; Yubin Gong

Qingshuihe Campus:No. 2006, Xiyuan Avenue, Chengdu, Chengdu

An effective high-order mode circuit is proposed for a terahertz extended
interaction oscillator (EIO) with three electron beams. Compared to the
conventional standard TM51 mode, the proposed quasi TMS51 mode has five
similar field spots distribution in the y-direction and higher characteristic
impedance R/Q. The particle-in-cell (PIC) simulations showed that, working in
quasi TM51-6?/54 mode with single electron beam, an output power of 2601
mW can be achieved at 612.15 GHz with a voltage of 28.3 kV and a current of
25 mA. When 3 electron beams are introduced, an enhanced output power of
3881 mW can be obtained at 612.51 GHz.

Tu-P1-09

Concept Design Of Collective Thomson Scattering Applied To EAST Tu-P1-10

Jingshuo Zhang; Chengming Qu; Lifu Zhang; Zhengwei Wu; Ge Zhuang;
Jinlin Xie

No. 96, Jinzhai Road, Hefei City, Anhui Province, Hefei

The Collective Thomson Scattering (CTS) is one of the important means to
obtain the main ion temperature and fast ion velocity distribution functions in
fusion devices. This paper mainly studies the feasibility of measuring the main
ion temperature in EAST using CTS. The possibility of using a 60 GHz



gyrotron and a CO2 far infrared laser as a CTS diagnostic probe source was
studied, and the advantages and disadvantages of each frequency were
compared. The results show that the CTS based on a 60 GHz gyrotron has high
feasibility and can be used to measure the main ion temperature with existing
technologies. By adjusting the angle between the differential scattering vector
and the magnetic field, the diagnosis can also complete the measurement of the
deuterium to tritium fuel ratio.

A Design And Performance Of A Low-cost THz Imaging System Using InP
Gunn Diode Emitter, Paraffin Wax Optics And Commercially Available
GaAs HEMTs

Linas Minkeviciusl; Vincas Tamosiunasz; Ignotas Buciusz; Domas

J okubauskisl; Karolis Redeckasl; Gintaras Valusis'

ISavanoriu ave. 231 , Vilnius; 2Sauletekio ave. 3 , Vilnius

A design and performance of a low-cost THz imaging system using InP Gunn
diode emitter, paraffin wax optics and commercially available GaAs HEMTs is
reported. The system operates at 94 GHz with a spatial resolution of 4243 mm
and exhibits contrast of nearly two orders of magnitude.

A Novel Broadband Port-Access Scheme To Interface Several Waveguide
Bands To A Single Schottky Barrier Diode Detector

Muhsin Alil; Daniel Headlandz; Alejandro Rivera—Lavadol; Oleg Cojocari3;
Andreas Stohr*; Guillermo Ceurpintelro2

! Avenida Gregorio Peces-Barba 1, Leganés; 2 Avenida de la Universidad 30,
Leganés; 3D-63457 Hanau; *Lotharstr. 55, Duisburg

Electronic terahertz receivers frequently utilize Schottky barrier diodes.
However, the 40% single-mode bandwidth of the hollow metallic waveguides
that interface the diode to the external world is a bottleneck to the broadband
diode. Here, we demonstrate that LeapWave proprietary technology based on a
dielectric rod waveguide-based interposer is capable of significantly widening
this span to 125%, for a receiver with reasonable responsivity between ~2 and
~160 V/W in the frequency range from 75 to 320 GHz.

On The Experimental Characterization Of Generated And Received
Pulses Of Photoconductive Antennas

Huasheng Zhang; Juan Bueno; Paolo Sberna; Nuria Llombart; Andrea Neto
Delft University of Technology, Delft

Photoconductive antennas (PCAs) are promising candidates for sensing and
imaging systems. We have investigated their properties under pulsed laser
illumination both in transmission and reception. First, a transmitting PCA has
been characterized including power measurement. Then, a Quasi-Optical (QO)
link between a transmitter and a receiver was modelled and analyzed. In this
work, we characterize this link with measurement. We use bow-tie based PCAs
as examples, and measure the radiated power of the transmitter and the
detected current of the receiver. The measurement shows good agreement with
the simulation.

Improved Large Area Photoconductive Antenna Design For High Field

Tu-P1-11
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THz Generation

Connor Kidd; Mark Rosamond; Thomas Gill; Lianhe Li; Edmund Linfield;
Alexander Davies; Joshua Freeman

University of Leeds, Woodhouse Lane, Leeds

An improved large area design has been developed for LT-GaAs
photoconductive antenna arrays fabricated on optically transparent sapphire
substrates to generate high field terahertz (THz) radiation. By optimising a
design to support larger biasing fields, a 1.5 times improvement in signal
strength resulting in fields of up to 200 kV/cm is reported.

Improvement In The Detection Efficiency Of Terahertz (THz) Time-
domain Spectroscopy (TDS) By Applying An Alternating Magnetic Field Tu-P1-15
Bias In Spintronic Emitter

Hideaki Kitaharal; Katsuyuki Ishiil; Miezel Talaral; Takashi Furuyal; Mary
Escafio'; Masahiko Tani'; Dmitry Bulgarevichz; Dongfeng He?; Makoto
Watanabe”

13,91 Bunkyo, Fukui; 21-2-1 Sengen, Tsukuba

In this study, we demonstrate the enhancement in the detection performance of
spintronic THz - TDS system by employing an alternating-current (AC)
magnetic field bias. The AC bias was provided by an antenna mount which we
fabricated. Compared with the direct-current (DC) magnetic field bias, we have
observed twice the emission amplitude from the AC-biased magnetic field
based on the obtained temporal waveforms from a spintronic THz emitter.

Dimensioning Photoconductive Connected Array Sources To Maximize
. Tu-P1-16
The Radiated Power.

Martijn Huiskesl; Juan Buenol; Nuria Llombart? ; Andrea Neto?

1Mekelweg 4, Delft; 2Mekelweg 4

Photoconductive antennas (PCAs) are used for imaging and sensing
applications because of their ability to radiate short pulses with large
bandwidths in the THz regime. The characterization of PCAs has previously
been done using a time-domain Norton equivalent circuit. Thanks to a recent
contribution, the size of the excited photoconductive area of PCAs that results
in an impedance match with the antenna can be determined analytically using
only the available optical power and the material parameters of the
photoconductor. Through the impedance matching, the radiated THz power is
maximized. These insights are used for the dimensioning of a wide-band
photoconductive connected array to be used in the low THz band, excited by a
high power laser (~1W).

Impact Of Antenna Metal's Thicknesses And Structures On Terahertz

(THz) Wave Generation Performance Of Spintronic Emitters Tu-P1-17

Miezel Talara'; Dmitry Bulgarevichz; Kana Kobayashil; Hideaki Kitahara';
Takashi Furuyal; Mary Clare Escaﬁol; Makoto Watanabez; Masahiko Tani'



1Bunkyo 3-9-1, Fukui; 21-2-1 Sengen, Tsukuba

We compare THz wave generation performance of diabolo-shaped spintronic
antennas with 3 nm, 100 nm and 200 nm Pt thicknesses at the antenna flares.
The center of these antennas where spin-to-charge current conversion occurs is
composed of 2 nm Fe and 3 nm Pt metal layer. THz - time domain
spectroscopy (THz - TDS) showed the most efficient emission, especially at
frequencies <1.5 THz, from the diabolo antenna with 200 nm Pt layer. We also
compare THz emission amplitude of diabolo and rectangular spintronic
antennas composed of 200 nm Pt layer at the displacement current direction.
Time-domain and frequency-domain waveforms showed higher emission
amplitude from the rectangular antenna especially at frequencies >1.1 THz.

Recording THz Pulse Shapes At 88 MHz Repetition Rate Using Photonic
Time-stretch, At Synchrotron SOLEIL

Christophe Szwajl; Eléonore Roussell; Clément Evainl; Marc Le Parquierl;

Tu-P1-18

Pascale Royz; Laurent Manceronz; Jean-Blaise Brubachz; Marie-Agnes
Tordeuxz; Marie Labatz; Serge Bielawski>

Bat. PS5, Villeneuve d'Ascq; 2Gif-sur-Yvette; 3Lille University, Bat P5,
Villeneuve d'Ascq

In order to record complex THz pulses at high repetition rate, a particularly
efficient method consists of combining electro-optic detection with the so-
called photonic time-stretch method. In this method, the THz signal modulates
a laser pulse. Then the modulated laser pulse is stretched in time until it reaches
the multi-nanosecond range, and is recorded using a single photodiode and
oscilloscope. We present the current record in repetition rate, in the MHz range
(up to 88 MHz), obtained at the AILES beamline of the SOLEIL facility. We
also discuss the foreseen improvements of the THz time-stretch method, in
order to reach long record durations and/or high bandwidth. The developed
setups can also be used for developing fully table-top time-domain
spectroscopy systems above 1 MHz acquisition rate.

Terahertz Detection Using A Ridge Waveguide Tu-P1-19
Sota Minel; Gabriel Gandubertz; Xavier Ropagnolz; Kosuke Muratel; Frangois
Blanchard?

1Furo-cho, Chikusa-ku, Nagoya; 2Montréal, QC

In this study, we demonstrate a terahertz detector for the future development of
integrated optical components at these frequencies. The detection of terahertz-
waves was achieved using a microstructured lithium niobate crystal in a ridge-
waveguide configuration with a heterodyne electro-optics sampling method.
The ridge waveguide also enabled broadband terahertz wave detection by
reducing the diameter of probe beam.

The Measurement Of The Coating Uniformity Of Lithium Iron Phosphate Tu-P1-20
Cathodes On Metal Substrates With Terahertz Time-domain Spectroscopy

Faezeh Zarrin Khatl; Alasdair Pentlandl; Carl Reynoldsz; Emma Kendrick? ;
Philip F. Taday!
I, Enterprise Cambridge Research Park, Cambridge; 2University of



Birmingham, Birmingham

For the first time, the thickness uniformity of lithium iron phosphate (LFP)
cathodes are measured using terahertz time-domain spectroscopy. Cathodes are
widely manufactured with cobalt, however providing cobalt material comes
with supply and health issues. LFP cathodes are introduced as an alternative to
tackle this challenge. The aim is to use terahertz pulses to generate an on-line
tool to undertake manufacturing process control. Different thickness of
cathodes compressed to different densities is measured and the uniformity of
their coating is inspected.

Thermoelectric Effect In Carbon Nanotube Films For THz And IR Ultra-
broadband Photodetectors

Yue Wang; Guangcheng Sun; Xiaoju Zhang; Zijian Cui; Xinmei Wang

No 5 Jinhua South Road, Xi'an

A carbon nanotube (CNT) films ultra-broadband photodetectors based
photothermoelectric effect is investigated, and their excellent performance is
attributed to p-n junctions formed by p- and n-type CNT films. The high
Seebeck coefficient and low thermal conductivity of CNTs films are two key
figures of merit for improving the performance of CN'T-based
photothermoelectric detectors, which can be achieved by tailoring the
thermoelectric properties of the CNT films

LT-GaAs Metasurfaces As Continuous-wave THz Detectors Operating In
The Telecommunications Band

James Seddonl; Lucy Halez; Hyunseung J ung3; Sarah Norman4; Sadhvikas
Addamane”; Igal Brener>; Cyril Renaud®; Oleg Mitrofanov®

1Depalrtment of Electronic & Electrical Engineering, Roberts Building,,
University College London, Torrington Place,, London; 2Roberts Building,
University College London, Torrington Place, London; 3Sandia National
Laboratories,, Albuquerque; “Roberts Building Torrington Place, London;

>Sandia National Laboratories, Albuquerque; SRoberts Building, Torrington
Place, London

We present a novel approach for efficient continuous-wave (CW) detection of
terahertz (THz) radiation using low-temperature-grown gallium arsenide (LT-
GaAs) metasurfaces. While typical THz CW detectors require complex
material growth, annealing, and device architectures, our approach
demonstrates that LT-GaAs, despite its low absorption at infrared wavelengths,
can be used for low-noise THz detection by nanostructuring it into a
metasurface.

Experimental Investigations On Effects Of The Magnetic Field Taper On
A Continuously Frequency-Tunable Gyrotron

Tao Songl; Wei Wangl; Diwei Liu?

1No.2006, Xiyuan Ave, West Hi-Tech Zone, Chengdu; 2No 2006, Xiyuan Ave,
West Hi-Tech Zone, 611731, Chengdu

In this abstract, experimental investigations on effect of the magnetic field taper
on a continuously frequency-tunable gyrotron are carried out. In the
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experiment, it is found that when the magnetic field taper becomes obvious, the
operating frequency of the operating mode with higher axial index decreases
and the frequency-tuning range becomes narrow. At the same time, the output
power also decreases.

Study Of The Pill-box Window For The High-power Microwave
Transmission Line

Shouqi Xiong; Zaojin Zen; Yi Jiang; Xinrui Hu; Guowu Ma; Hongbin Chen
No. 64 Mianshan Road, Mianyang

The pill-box window is the most window applied in the high-power microwave
transmission line. In this paper, a simulation model of the pill-box window is
built by the particle-in-cell (PIC) solver. The influence of the metal ring's
thickness on the window's characteristics is studied. The window is optimized
and adapted to the impact of the metal ring. The ghost mode oscillation caused
by the asymmetry of the pill-box window is also analyzed. The analysis results
indicate that there is no ghost mode in the working frequency band of the
window. The pill-box window is designed for the high-power L-band
transmission line. The working frequency band of the window is
1.25~1.35GHz. The maximum power capability of the window is intended to
be SMW. Up to now, the primary designing process of the pill has been
accomplished. The pill-box window is being manufactured in the Institute of
Applied Electronics (IAE) CAEP. The high-power tests of the pill-box window
are also within the schedule.

Dependence Of Efficiency Degradation Caused By Beam Misalignment On
The Azimuthal Index In Gyrotrons

Xianfei Chen; Houxiu Xiao; Xiaotao Han

Wuhan National High Magnetic Field Center, Huazhong University of Science
and Technology, Hongshan District, Luoyu road, 1037, Wuhan

Gyrotron operating at short wavelengths (THz regimes) can be very sensitive to
the misalignment between the electron-optical system and the resonator. This
paper presents a generalized study on the effect of different cases of electron
beam misalignment on the gyrotron operation. The dependence of such an
effect on the azimuthal index is analyzed. The results show that a larger
azimuthal index m will lead to higher sensitivity of the gyrotron operation to
the electron beam misalignment. Besides, the dependences of the efficiency
degradation of gyrotron operation on the tilt angles are varied for different
types of electron beam tilt.

Temperature Control Of Irradiated Biological Samples With Pulse
Repetition Frequency Modulation Of A Gyrotron

Yuusuke Yamaguchi; Masafumi Fukunari; Yoshinori Tatematsu

3-9-1 Bunkyo, Fukui

The biological effects of terahertz waves have been attracting attention, and
high-frequency gyrotrons are being used as a wave source in recent years. In
discussing the effects of terahertz waves, it is particularly important to separate
them from thermal effects. Therefore, temperature control of the irradiated
sample is essential. In this study, a Proportional-Integral-Differential (PID)
controller that can adjust the temperature of the irradiated liquid sample by
modulating the pulse repetition frequency of the gyrotron has been developed.
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By optimizing the PID gains, it was found that the temperature could be
maintained at the target value of approximately 35 deg. C with an error of less
than 0.1 deg. C.

Experiments On Efficient Fifth-Harmonic Multiplication in A
Conventional V-Band Gyrotron

Mikhail Glyavinl; Gregory Denisov?; Irina ZotovaZ; Andrey Malkin?;
Alexander Sergeevz; Roman Rozentalz; Andrey Fokinz; Vladimir Belousovz;
Mikhail Shmelevz; Alexey Chirkovz; Alexander Tsvetkovz; Ilya Bandurkin?

146 Ulyanov str., 9519033406, Nizhny Novgorod; 2IAP RAS, 46 Ulyanov str.,
Nizhny Novgorod

We propose a method of efficient frequency multiplication in conventional
gyrotrons with excitation at ultrahigh (s =5,9,13...) cyclotron harmonics. The
method is based on a peculiarity of cylindrical waveguide mode spectrum,
which follows from an obscure property of the Bessel derivative roots. We
present the theoretical concept, the simulations and the results of the proof-of-
principle experiment in which 0.22 THz/80-100 mW radiation at the 5th
cyclotron harmonic has been detected in continuous-wave regime. Feasibility
of the proposed method for providing powerful radiation in the terahertz gap is
also discussed.

Advances In Terahertz Detection With Graphene Field-effect Transistors
Dmitry Svintsov'; Dmitry Mylnikovl; Elena Titova'; Denis Bandurin?; Kostya
Novoselov?

l9 Institutsky lane, Dolgoprudnys; 221 Lower Kent Ridge Road, Singapore

Sensitive low-noise passive terahertz detection relies on two basic elements:
coupling of free-space electromagnetic wave to a rectifying element, and
downconversion of alternating electric field into direct current. We present
efficient approaches for both problems enabled by electronic properties of
graphene and its bilayer. We experimentally demonstrate increased radiation
coupling enabled by plasmon resonance in graphene field-effect transistor,
which becomes possible due to relatively long plasmon lifetimes. We further
show increased non-linear rectification in graphene bilayer with induced band
gap, which is attributed to enhanced thermoelectric coefficient and emergence
of tunneling rectification pathways. These factors enable very low noise
equivalent powers down to ~40 fW/Hz1/2 at cryogenic temperatures T~20 K,
which outperforms existing semiconductor and superconductor bolometers.

Modulation--doped Multiple CdTe Quantum Wells As THz Detectors,
Filters And Emitters

Jerzy Fusakowski'; Dmitriy Yavorskiyz; Krzysztof Karpierz3; Andrzej
Fraczakl; Mikotaj Grymuzal; Eryk Imosl; Adam Siemaszkol; Wiktoria
Solarskal; Macie;j Zarembal; Rafal Zdunekl; Zbigniew Adamus4; Tomasz
Slupinski4; Tomasz Wojtowicz4

"Pasteura 5 , Warsaw; 2Sokolowska 29, Warsaw; 3Pasteura 5; *Lotnikéw 32/46,
Warsaw
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We studied quantum structures grown by a molecular beam epitaxy comprising
CdTe quantum wells (QWs) modulation-doped with iodine donors in Cd1-
xMgxTe barrier (x = 0.2 or 0.3). Experiments were carried out at liquid helium
temperatures at magnetic fields up to 9 T. Samples studied differed by the
number of and the distance between QWs, the thickness of spacer and the
doping level. Magnetotransport measurements revealed electron concentrations
of the order 10711 cmA-2 per well and a one-carrier conductivity with only a
slight admixture of a parallel transport in some samples. Transmission of THz
radiation in the range 0.1 -- 1.0 THz showed a well-defined cyclotron
resonance minimum in the case of single QWs which developed into
Shubnikov -- de Haas -- like oscillations in samples with multiple QWs. Such
oscillations were also observed in THz photocurrent and were interpreted as
resulting from free-carrier absorption. The study carried out on a large number
of samples with different technological parameters made it possible to select
optimal structures based on CdTe/Cd1-xMgxTe modulation-doped quantum
wells as THz detectors (resonant or non-resonant) for applications in magnetic
fields at low temperatures. Multiple quantum wells were also shown to be
magnetic-field-controlled emitters of THz radiation.

Status Of The Heterodyne Superconductor-Insulator-Superconductor
Receivers For The LCT

Minran Chenl; Boxun Wangl; Yao Lil; Shugqin Wangl; Duo Caoz; Feng Liul;
Yi Zhangl; Wangzhou Shi!

1100 Guilin Road; 2100 Guilin Road, Shanghai

In summary, the status and experimental results of the heterodyne SIS receivers
for the LCT are presented. The 345 GHz receiver was operated at a temperature
of 4.2 K, and showed good pumped IV and heterodyne detection
characteristics. A'Y factor of 2.3 and receiver DSB noise temperature of 81 K
were obtained. For all frequencies, best receiver bias occurs between 2.0-2.3
mV, and the optimal LO pump current is 80-120 pA.

Multilayer Vacuum Window Design For Submillimeter Telescope
Receivers

Yi Zhangl; Duo Cao’; Feng Liu®

!Guilin Road 100, Xuhui District, Shanghai; 2Guilin Road, Xuhui District

A broadband anti-reflection vacuum window based on PTFE, Zitex and HDPE
multilayer is designed for the telescope receiver windows in the submillimeter
bands (230/460, 345/650 GHz). HDPE is widely used in the preparation of
lens, infrared filters and vacuum hot pressing windows due to its extremely
high transmittance and low dielectric constant in the terahertz band, and is
considered to be a vacuum window material that can replace silicon materials.
Zitex is a kind of 50% porous Teflon, which can reduce the reflection of
incident electromagnetic waves. Therefore, ALMA and CSO telescopes have
developed different structures of vacuum windows based on quartz and HDPE,
respectively. However, the dielectric constants between Zitex and HDPE are
quite different, and the adhesive might enter the holes of Zitex during the hot
pressing process, resulting in large reflection losses. In this paper, we design a
multilayer vacuum window (Zitex/PTFE/HDPE/PTFE/Zitex), using PTFE as a
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transition layer and LDPE as an adhesive.The film shows the opportunity to be
implemented in the LCT receivers.

Real-Time Analysis Of THz Quantum-Cascade Laser Signals Using A
Field Effect Transistor Array

Nicholas N orthl; Jakob Holsteinz; Michael Horburyl; Harry Godden’ ; Lianhe

Li3; Joshua Freeman3; Edmund Linﬁeld3; Hartmut Roskos2; Alvydas

Lisauskas2 ; Alexander Valavanis3

1Unive:rsity of Leeds, Woodhouse, Leeds; 2D-60438 Frankfurt am Main,
Frankfurt; 3University of Leeds, Woodhouse, leeds

We demonstrate real-time analysis of the emission from a 3.4 THz quantum-
cascade laser (QCL) source, using an array of nanoscale field-effect transistor
devices. We show that THz power can be detected directly up to a modulation
bandwidth of 500 kHz, and indirectly via a change in the device threshold, up
to a 100 MHz bandwidth.

Growth Response Of Escherichia Coli Bacterial Cells On Exposure To 1.25

Wm-2 Synchrotron-sourced Terahertz Radiation

Zoltan Vilagoshl; The Hong Phong Peter Nguyenl; Palalle Tharushi Perera';

Denver Linklater'; Dominique Appaddo2; Jitraporn Vongsvivut2; Mark J.

Tobinz; Rodney Croft3; Elena P. Ivanova!

1124 La Trobe St,, Melbourne; 2800 Blackburn Road, Clayton; 3Northfields
Avenue,, Wollongong

The growth of E. coli cells following low intensity 1.25 Wm-2 broadband
synchrotron-sourced Terahertz (THz) radiation was monitored following serial
exposures for 60 minutes with distinct samples at 10-minute intervals. After 20
minutes, E. coli cells showed a reduction to 53% compared to the control, and a
minor fluctuation in colony forming units density followed by a major recovery
to 80% at 60 minutes.

Compact Single-shot Electro-optic Detection System For THz Pulses With
Femtosecond Time Resolution At MHz Repetition Rates

Bernd Steffen; Marie Kristin Czwalinna

Notkestr. 85, Hamburg

Electro-optical detection has proven to be a valuable technique to study
temporal profiles of THz pulses with pulse durations down to femtoseconds.
The Coulomb field of a relativistic electron bunch resembles the current profile,
and therefore electro-optical detection can be exploited for non-invasive bunch
length measurements at accelerators. Here we present a compact and robust
electro-optical detection system based on spectral decoding to measure single-
shot longitudinal bunch profiles of electron bunches down to 200 fs. Apart
from the GaP crystal and the corresponding laser optics at the electron
beamline all components are housed in 19-inch chassis for rack mount and
remote operation inside the accelerator tunnel. The novel linear photo diode
array KALYPSO [1] allows to acquire the modulated laser spectra at frame
rates of up to 2.26 MHz. First longitudinal bunch profile measurements at the
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European X-ray Free Electron Laser (XFEL) show bunch length of around 400
fs (rms) with an arrival-time jitter of 35 fs (rms).

Research On W-band Sheet-Electron-Beam Vacuum-Tube Power Tu-P1-35
Amplifier And Oscillator

Ivan Chistyakovl; Vladimir Titovz; Roman Torgashovz; Andrey Starodubovz;
Igor Navrotskyl; Dmitriy Zolotykhl; Nikita Ryskin2

138 Zelenaya st., 1 Panfilova st., Saratov; 238 Zelenaya st., 83 Astrakhanskaya
st., Saratov

In this paper, we present the results of design, simulation and development of
W-band traveling-wave tube (TWT) and backward-wave oscillator (BWO)
with sheet electron beam. We consider grating and sine-waveguide slow-wave
structures (SWS) designed to operate at 10-12 kV voltage of synchronism. Hot-
test operation of the devices was simulated by using 3-D particle-in-cell (PIC)
code. Electron gun providing a 0.1-A sheet electron beam was designed and
fabricated. The results of fabrication and cold-test measurement of the SWSs
are presented. Design, simulation, and fabrication of the other key components
of the tubes, such as vacuum window, magnetic focusing system, and depressed
collector, are also discussed.

Free Induction Decay Signals Stimulated And Detected By Photomixing Tu-P1-36

Francis Hindlel; Francgois Parnetz; Francgois Bonduz; Guillaume Ducournau3;

Jean-Francois Lampins; Gael Mouret'; Goulc'hen Loas?; Emilien Peytavit4

1Dunkerque; 2Rennes; 3Villeneuve d'Ascq; “IEMN Avenue Poincaré,
Villeneuve d'Ascq

A photoconductor device driven by a dual frequency Ti:Sa laser is electrically
pulsed to provide a powerful pulse around 291 GHz. The pulsed radiation
polarizes the OCS gas which emits a free induction decay signal that is
observed after the end of the pulse by optical heterodyne detection using a
second photoconductor driven by the same beatnote frequency shifted by ~1
GHz. This is the first step in the development of all photonic chirped pulsed
spectrometer.

Low Temperature Permittivity And Loss Tangent Of Zirconia From 220 T
u-P1-37

To 325 GHz

Guangjiang Li; Sudheer Jawla; Michael Shapiro; Richard Temkin

190 Albany Street, Cambridge

Zirconia rotors are used extensively as sample holders in present-day DNP

NMR research. The samples are irradiated by a THz beam that must pass

through the wall of the rotor. The design of these rotors thus depends critically

on knowing the dielectric constants of the zirconia material. We present the first

high-accuracy experimental measurements of the permittivity and loss tangent

of YTZP Zirconia in the 220-325 GHz frequency range. The measurements

were made from room temperature down to 79 K.

Terahertz ATR Sheds Light On Real-time Exchange Kinetics Occurring

Through Plasma Membrane During Photodynamic Therapy Tu-P1-38



Xiujun Zhengl; Blandine Lordon'; Anne-Frangoise Mingotaud2 ; Patricia
Vicendoz; Rachel Brivalz; Isabelle Fourquauxz; Laure Gibotz; Guilhem Gallot!
"Route De Saclay, Palaiseau; 2Université de Toulouse, Toulouse

THz ATR spectroscopy provides, in a single measurement, the relative number
of defects per membrane surface created by oxidative stress generated during
photodynamic therapy (PDT), offering early, sensitive real-time information.
THz spectroscopy is therefore a complementary technique to established
(biological) assays and can be applied to any topic requiring the real-time
examination of short-term plasma membrane permeabilization.

18:00 - 19:30 Poster Session 4 Foyer (4th
floor)
Modeling With TESLA-family Of 2.5D Large-signal Codes: Predicting Tu-P2-01

Performance And Stability Of The Experimental Mm-wave TWTs
Igor Chernyavskiyl; Alexander Vlasov'; Alan Cook'; Thomas Antonsen

14555 Overlook Ave SW, Washington; 2Reston

We present an overview of the results and current status of the developed at
NRL TESLA-family of 2.5D large-signal codes (including the circuit-model
based code TESLA-FW and impedance matrix Z based code TESLA-Z), which
are suitable for modeling of Serpentine/Folded-waveguide TWTs. These codes
have been successfully applied to predict performance of the developed at NRL
experimental single-stage G-band and 2-stage W-band TWTs. More recent
progress in the code's development resulted in creation of the code TESLA-Z
based stability analysis framework, which has successfully predicted band-edge
instabilities, observed in both TWTs at the beam-voltages above their
operational values.

2

Charge-transfer Dyes In A Polymer Matrix: an Avenue Towards Large
Area THz Emitters?

Felix Gorka'; Goretti Guadalupe Hernandez Cardoso'; Enrique Castro-
Camusl; Henning Menzelz; Tasja Schwenkez; Li Zha03; Florens Kurth? ;
Wolfgang Kowalsky3; Hans-Hermann J ohannes3; Martin Koch!

'Renthof 7a, Marburg; 2Hagemring 30, Braunschweig; 3Schleinitzstr. 22,
Braunschweig

Oriented, organic charge-transfer chromophores have been discussed as a
scalable emitter for broadband THz radiation. We investigate the THz emission
properties of several thin film host-guest system under resonant excitation in
terms of dye loading, molecular structure modification as well as excitation
parameters.

Output Coupling Optimization For An Optically Pumped CH30H Gas
Laser

Xuan Lil; Zhiyong Zouz; Jiaxing Xie3; Haiqing Liu3; Yinxian Jie
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1No.350, ShuShanHu Road Luyang District, Hefei, Anhui, 230031, P.R.China.,
No0.96, JinZhai Road Baohe District, Hefei, Anhui, 230026, PR .China., Hefei;

2Hefei, Anhui; 3No.350, ShuShanHu Road Luyang District, Hefei, Anh

Lasers that emit THz light using CO2 laser-pumped gas molecules are widely
used as a light source for polarimeter- interferometer diagnostic systems in
plasma fusion devices because of their continuous, stable high-power output.
This paper describes the basic structure of a laser we developed to generate 2.5
THz light by pumping CH30OH molecules using the 9P(36) branch of a CO2
laser. The design of the output coupler is optimized according to the indexes of
laser transmittance, divergence angle and spot variation to make some guidance
for further experimental investigation.

NanoMi: A Modular Platform For Terahertz-integrated UTEM

Samuel Ruttimanl; Makoto Schreiberl; Mark Salomons> ; Darren Homeniukz;
Xuanhao Wang3; Olivier Adkin-Kaya4; Mohammad Kamal4; Jesus Alejandro
Marin Calzadal; Patrick Price? ; Martin Cloutierz; Misa Hayashida2 ; Ray

Egertonl; Ken HaradaS; Yoshio Takahashi5 ; Heiko Muller6; Marek Malacz;

Frank Hegmann1

14.181 ccIs , University of Alberta, Edmonton; 211421 Saskatchewan Dr NW,
Edmonton; 38900 114 St NW, Edmonton; 49211 116 Street NW, Edmonton;
32520 Akanuma, Hatoyama; 6EnglerstraBe 28, Heidelberg

Ultrafast electron microscopy techniques allow for the structural dynamics of
materials to be studied, and are typically achieved by modifying a commercial
electron microscope to grant optical access to both the cathode and sample
regions. To enhance the temporal resolution of these techniques, the electron
bunch probe can be compressed by intense terahertz pulses confined in a
tapered waveguide structure. The necessary modifications for optical access
and waveguide integration may not be viable on all commercial systems, and
has the potential to compromise the column. NanoMi is an open-source,
modular electron microscopy platform that is amenable to user customization
and is ideal for electron-beam-based experimentation. Laser pulses for ultrafast
electron microscopy applications can be integrated into the system without any
modification to the column. Intense THz pulses can also be integrated and
coupled into a TPPWG positioned along the electron-optic axis to provide
electron-bunch compression along with additional acceleration, lensing, and
deflection capabilities.

Terahertz-induced Influence On The Octanol-water Phase Separation

Qin Zhang; Kaicheng Wang; Lixia Yang; Shaomeng Wang; Yubin Gong
No0.2006, Xiyuan Ave, West Hi-Tech Zone, Chengdu

In this study, we employed MD simulations to investigate the interference
mechanism of THz electric fields in the phase separation process of octanol and
water solution. We found that a 22 THz electric field resulted in a decrease in
the SASA of octanol, indicating that THz waves affected the arrangement and
aggregation of octanol molecules. THz electric fields may influence the
aggregation behavior of octanol through various pathways, thus providing new
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possibilities for its application in chemical analysis, drug research, and
biomolecular studies.

Infrared Nanospectroscopy And Terahertz Irradiation Of Pathological
Protein Aggregates

Antonia Intzel; Raffaella Politol; Maria Eleonora Temperinil; Valeria
GilibertiZ; Michele Ortolani'

Ipiazzale Aldo Moro 2, Dipartimento di Fisica, Rome; ZViale Regina Elena
291, Rome

AZA=+-Synuclein (AZA=S) is of wide interest because its aggregation is a
hallmark of many neurodegenerative disorders, including Parkinson's disease.
Here, we are using the atomic force microscopy-assisted infrared
nanospectroscopy to investigate its aggregation into nanoscale fibrils and
describe the secondary structure change of the protein during aggregation.
Perspective THz irradiation experiments have been designed and are being set
up, with the aim of modifying the secondary structure of proteins and/or
aggregates through prolonged THz irradiation with CW sources.

Study On Isoniazid-Succinic Acid Cocrystal Using Terahertz Spectroscopy
And DFT Calculations

Jiale Zhangl; Mei Wan?; J iyuan Fangz; Yaqi J ingz; Zhi Hongz; Yong Du?

1Hangzhou, Hangzhou; 2Hangzhou

Isoniazid (INH), is a first-line anti-tuberculosis drug with high efficiency and
low toxicity. And succinic acid (SA) is a basic organic chemical material which
widely used during the cocrystal screening stage. In the present work, the
cocrystal of INH and SA was prepared by solvent evaporation method. The
cocrystal and its starting components were analyzed and identified using
terahertz (THz) spectroscopy. In addition, to investigate the crystal structure of
this cocrystal, the theoretical cocrystal form was simulated using density
functional theory (DFT). By analyzing the calculated data and experimental
results, it could be concluded that the hydrogen bonds in the INH-SA cocrystal
are pyridine N-carboxylic acid heterosynthon. Furthermore, the vibrational
modes of the cocrystal were attributed based on the simulation.

THz Spectroscopic Electron Paramagnetic Resonance Of The Fe3+ Defect
In GaN

Viktor Rindertl; Steffen Richterl; Sean Knightl; Vanya Darakchieval; Mathias
Schubert?

1SC’)lvegatan 14, Lund; *Walter Scott Engineering Center

We present a recently developed method for electron paramagnetic resonance
(EPR) measurements in the THz spectral range. The method is based on
spectroscopic ellipsometry and thus requires no cavity, unlike conventional
EPR. This permits us to scan the frequency parameters in addition to the
magnetic field parameters. To showcase this, both frequency and magnetic field
scans are performed on Fe-doped GaN, and the results are compared to
previous work that used conventional EPR to study the same defect.
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Terahertz Response Of An Interacting Confined Electron-Hole Pair Tu-P2-09
Filip Klimovic; Tomds Ostatnicky

Ke Karlovu 3, Prague 2

Terahertz conductivity spectra of semiconductor nanostructures contain
valuable information relevant for the design of new electronic and
optoelectronic devices. Contemporary models for interpretation of data usually
treat charge carriers as independent. However, due to spatial confinement of
charge carriers, Coulomb interaction plays an important role in nanostructures,
inducing correlation between the carriers. We develop a quantum-mechanical
model of a confined electron-hole pair, and we show a significant change in the
predicted spectra when Coulomb interaction is accounted for. The impact of
this effect is universal for all nanostructures.

Crystal Structure And Vibrational Analysis Of Pyrazinamide-Glutaric
Acid Based On Terahertz Spectroscopy And DFT Calculation

Yaqi Jing; Mei Wan; Jiale Zhang; Jiyuan Fang; Zhi Hong; Yong Du
Hangzhou, Hangzhou

Tu-P2-10

Cocrystal of pyrazinamide (PZA) and glutaric acid (GA) was prepared by
solid-state grinding. The cocrystal and its starting components were detected
using terahertz (THz) spectroscopy. The results showed that three absorption
peaks appeared in the spectrum of the cocrystal which were distinct from those
of the starting components, indicating the formation of cocrystal. Furthermore,
the crystal structure was simulated using density functional theory (DFT). The
THz spectra and simulated results revealed that the hydrogen bonds are
composed of amide groups from the PZA and GA molecules respectively.

We Study The Atmospheric THz Transmission Properties Over A Wide
Range Of Temperature And Humidity Conditions: From 6 To 45°C And Tu-P2-11
Relative Humidity From 20 To 90%.

Martin Kochl; Enrique Castro-Camusz; Fatima Talebz; Juan Viana?

'Renthof 5 , Marburg; 2Renthof 5

Telecommunications rely on the transmission properties of the atmosphere in
real conditions. The transmission properties (absorption and refractivity) are
studied over a broad bandwidth and a wide range of temperature and humidity
conditions, ranging from 6 to 45A°C and relative humidity from 20 to 90 %.

Temperature Dependence Of The Dielectric Function Of Dehydrated
Biological Samples In The THz Band

Jan Helminiakl; Mariana Alfaro—GomezZ; Goretti Guadalupe Hernandez-
1

Tu-P2-12

Cardosol; Martin Kochl; Enrique Castro-Camus

'Renthof 5 , Marburg; 2 Avenida Universidad 940, Ciudad Universitaria,
Aguascalientes

Based on its high sensitivity to the presence of water, terahertz radiation has
introduced itself as a suitable source for the study of biological tissue and the
diagnosis of some medical conditions. As shown in previous publications, the
water content of a given system can be calculated by approximating the tissue
with effective medium theories. Within these models, the optical behavior of
water is a well-known temperature dependent parameter, whereas the behavior



of the dry tissue has been traditionally assumed to be temperature independent.

In this study we show with the usage of a self-designed heat chamber that the
dielectric functions of various biological tissues as porcine skin, oak leaf and
brown mushroom show between 20°C and 36.5°C indeed some variations
based on their respective temperatures, which might indicate that this
parameter cannot always be neglected in the analysis models.

Signal Processing System For Solid Source Interferometer On EAST

Jiamin Zhangl; Yuan Ya02; Tianyi Ruan3; Yao Zhang2; Haiqing Liu2; Yinxian
Jie%; Bili Ling?

Nnstitutes of Physical Science and Information Technology, Anhui University,
Hefei, Anhui 230601 PR, Institute of Plasma Physics, Chinese Academy of
Sciences, Hefei, Anhui 230031 P.R. China, Hefei; 2Hefei, Anhui 230031, P.R.

China, Hefei; 3Hefei, Anhui 230031, P.R. China, Hefei, Anhui 230601 P.R.
China, Hefei

A signal processing system is designed for the terahertz solid-source
interferometer (SSI) system on Experimental Advanced Superconducting

Tokamak (EAST), which can be used for real-time electron density calculation.

This system calculates the phase difference between the detection signal and
reference signal which acquired by the solid source interferometer system and
then unwraps the wrapped phase value to output the electron density value in
real time. The system is architected on a hardware development board with
high speed, high accuracy, strong anti-interference capability and wide
adaptability, which is suitable for EAST laser interferometer system to obtain
the real-time electron density data and provide valid density information to
plasma feedback control system.

Sensitive Terahertz Photoresponse Of A Three-Dimensional Dirac
Semimetal

Meng Chen; Yingxin Wang; Ziran Zhao

Tsinghua University, Haidian District, Beijing

We observe the strong terahertz photoresponse of a bulk three-dimensional
Dirac semimetal Cd3As2 contacted with two gold electrodes. When terahertz
radiation illuminates the two contacts, the photovoltages exhibit symmetric
amplitudes but opposite polarities at zero-bias, and the response time is on the
millisecond level. These characteristics provide evidence that the
photothermoelectric effect dominates the terahertz photoresponse of the
Cd3As2 device. Due to the Dirac semimetal nature and good thermoelectric
property of Cd3As2, our device shows a noise-equivalent-power as low as 5.3
nW Hz-1/2. This work demonstrates that Cd3As2 could be a promising
candidate material for terahertz detection.

Effect Of The Degree Of Sulfation On The Hydration State Of Agarose
Gels Investigated Using Terahertz Time Domain Spectroscopy (THz-TDS)
Mark Justine Zapanta; Annelies Postelmans; Wouter Saeys

Kasteelpark Arenberg 30, Heverlee
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Agarose is a biopolymer widely used as a separation medium in chemistry, as
gelling agent in foods, and as scaffold in tissue-mimicking materials. The gel
strength and the electroendoosmosis (EEO) value are important quality
parameters of agarose which have direct impact on its functionality. These two
attributes are correlated to the sulfate contents of agarose. In this work, the
relationship between these parameters were investigated from the point of view
of water dynamics. Terahertz time-domain spectroscopy (THz-TDS) was
employed to study the hydration state of the hydrogels through an analysis of
the THz dielectric parameters obtained from the Double-Debye model. It was
found that an increase in the sulfate content of the agarose does not
significantly change the relaxation time of water bound to the matrix, but it
decreases the strength of the fast relaxation of water. This decrease in
relaxation strength, attributed to a decrease in the amount of bound water, can
affect the gel strength as bound water is thought to be responsible for
stabilizing the junction zones of the gel network. The thinning of the hydration
layer with increasing sulfate concentration can affect the EEO as more water
becomes available for internal convection within the gel.

THz-near IR Hyper-Raman Surface Spectroscopy Of Silicon Wafer
Surface

Laetitia Dalstein; Marc Tondusson; Jerome Degert; Eric Freysz

351 cours de la liberation, Talence

We recorded the hyper-Raman spectra resulting from the interaction of
picosecond visible and ultrashort THz pulses at the surface of (100) silicon
wafer. It reveals the signature of the Si lattice phonon and S102 mode centered
at ~610 cm-1 and ~1100 cm-1, respectively. This technique also evidences the
growing of the S102 layer at the surface of the silicon wafer exposed to
ambient air.

Influence Of Substrate Temperature On Preparation Of High-Tc
Superconducting NbN Thin Film For SIS Tunnel Junction
Fangting Lin; Xingyue Zhang; Xiaoyong He

No. 100, Guilin Road, Shanghai

NbN thin films were deposited on sapphire substrate by RF magnetron
sputtering. The effect of substrate temperature on crystal structure, surface
morphology, ion valence state and superconductivity of samples were
investigated using X-ray diffraction, scanning electron microscope, atomic
force microscope, X-ray photoelectron spectroscopy and physical property
measurement system. The results show that all NbN thin films have a AfZA A
“-phase structure and grow preferentially along the (111) direction. The samples
exhibit high crystallization quality, compact grains, and small surface
roughness. With the increase of substrate temperature, the grain size is
increased gradually and the binding rate and strength of Nb and N atoms are
enhanced, leading to an increase in superconducting transition temperature.
When the substrate temperature is as low as 150AfA¢"f, the superconducting
transition temperature reaches 16.58 K. The obtained samples show a good
application prospect in preparing superconducting SIS tunnel junctions and
developing the corresponding mixers.

Terahertz Longitudinal Conductivity Of Epitaxial Mn3Sn Thin Films
Tinggui Yin; Tianyu Zhang; Dong Gao; Fu Tang; Zechuan Bin; Jun Qin;
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Longjiang Deng; Shigao Zhao; Qingying Yi; Shenggang Liu; Lei Bi; Min Hu
ChengDu, China, PiDu distribute XiYuan avenue No. 2006, Chengdu
Abstract--Due to the response frequencies mostly located in the terahertz range,
antiferromagnetic materials are currently the research focus of terahertz
spintronics. Specifically, the terahertz properties of antiferromagnetic Weyl
semimetal material Mn3Sn have attracted attention. In this work, based on a
self-built terahertz polarized time-domain spectroscopy system, we
preliminarily measured the terahertz conductivity of high-quality Mn3Sn films
epitaxially grown using pulsed laser deposition. The experimental results show
that the Mn3Sn films exhibits typical Drude-Smith characteristics. We believe
that the reason for this difference may be due to the change in carrier transport
properties caused by the stress on the films. The high absorption rate and
magneto-optical effect of Mn3Sn in the terahertz frequency range make it a
promising emerging material for developing terahertz devices.

Near-Perfect THz Absorber With Wide Range Tunability Tu-P2-19
Omnia Samyl; Taiichi Otsujiz; Amine El Moutaouakil!

ICollege of Engineering, P.O. Box No. 15551, Al Ain; 22-1-1 Katahira, Aoba-
ku, Sendai

THz absorbers have wide applications ranging from sensors and
monochromatic detectors for narrowband absorbers to shielding and energy
harvesting for broadband absorbers. Designing a THz absorber with perfect
absorption is a challenging topic. In this work, we present a broadband THz
absorber with bandwidth ranging from 0.9 to 1.3 THz and a near-perfect
absorption >90 %. The absorptance frequency can be tuned using low voltage
application (0.2 - 5 V), from 1.3 to 10 THz while maintaining high absorptivity.
In comparison with other structures, this absorber represents an ultra-thin (20
nm -- 160 nm) and simple structure based on 2D materials (graphene, MoS2,
phosphorene) without including Au or other precious materials. It is easy to
fabricate, cost-effective, and voltage-tunable through nearly the whole THz
region. Although the structure is a broadband absorber its fractional bandwidth
ranges from 20-45% which can be enhanced to a narrowband absorber in future
works.

Terahertz Direct High-order Modulator Based On Coding Multi-subarray

Metasurface Tu-P2-20

Ao Zhu'; Lan Wangl; Shixiong Liangz; Wei Wang3; Yaxin Zhang4; Zigiang
Yang4
1Huzhou; 2Shijiazhuang, Shijiazhuang; 3Shijiazhuang; 4Chendu

In recent years, terahertz direct-modulated wireless communication systems
with low complexity and power consumption have drawn a lot of interest as a
result of the advancement of terahertz high-speed modulators. However, the
terahertz direct modulator mainly achieves the on-off-keying (OOK)
modulation format by changing the working frequency or resonance modes,
while high-order modulation technology is limited by poor frequency band
flatness and linearity. Here, we propose a terahertz direct high-order modulator
based on coding multi-subarray metasurface. The whole metasurface is



composed of four sub-arrays, each sub-array contains an array of metal
structures and active material two-dimensional electron gas (2DEGs). Higher-
order PAM4 modulation is achieved by independently controlling 2DEGs in the
subarrays to change the collective resonant mode. In addition, we exhibit
satisfactory flatness across a 60GHz operational frequency range and achieve
an 81% modulation depth when operating at 0.224 THz.

Frequency Spectrum Prediction Of Metamaterial Absorbers Based On
Semi-Random Matrix Generation Method Combined With Deep Learning

Jianian Wang; Renbin Zhong; Benzheng Guo; Jianhui Fang; Qian Wu; Boli
Xu; Qimeng Liu; Jiale Dong; Huimin Zhang
No0.2006, Xiyuan Avenue, West Hi-tech Zone, Chengdu

This presentation proposes a semi-random matrix generation method for
growing meshes on the structure of a terahertz metamaterial absorber, the
method results in a great variety of entirely new structures being obtained. With
the input of matrix data of the metamaterial absorber models, the spectral
prediction deep neural network constructed based on Googl.eNet architecture
can quickly and effectively predict the absorption spectrum. Furthermore, Box-
Cox transformation is used to map the uneven distributed spectral data to a
normal distribution, which will help to smooth the output predicted curve with
low oscillation. The results indicate that the proposed data processing method
is favorable to the improvement the prediction capability and output stability of
spectrum prediction network and can effectively facilitate related metamaterial
design tasks by DNNs.

Ultrafast Non-equilibrium Carrier Dynamics In Vertical Graphene
Peiyao Xiel; Tianyu Zhangz; Tao Zhao?; Wenjie Fu? Shenggang Liu?; Min
Hu?

1Chengdu, Chengdu; 2Chengdu

Vertical graphene (VG), a complex thin-film material with hierarchical
microstructures, has been successfully implemented in various applications. In
this work, we have measured the ultrafast dynamics of VG, which is grown
vertically on SiO2 wafers, by optical-pump terahertz-probe (OPTP)
spectroscopy. We have found the relaxation of non-equilibrium charge carriers
with two decay times. Furthermore, we also measure the photoconductivity of
VG in the different pump-probe delays, which indicates distinct Drude-Smith
characteristics. This work investigates the light-matter interactions between VG
and terahertz(THz) waves and paves the way for the development of high-
speed THz optoelectronic devices.

Novel Cherenkov Threshold In Nonlocal Graphene Hyperbolic
Metamaterials

Ran Wang; Tianyu Zhang; Shenggang Liu; Min Hu

No0.2006, Xiyuan Ave, West Hi-Tech Zone, Chengdu

Although Cherenkov radiation (CR) has already been generated by slow
electrons in some hyperbolic mediums, the nonlocality induced by these
electrons is usually neglected before. In current work, besides the modifications
of plasmonic modes in graphene hyperbolic metamaterials (GHMs), we
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indicate a novel velocity threshold of CR which is induced by the (wavevector-
dependent) nonlocalities of graphene. Specifically, this velocity threshold for
CR is exactly the Fermi-velocity of graphene, which is roughly equal to 1/300
of the speed of light. Our results are significant for future studies of basic CR
physics in complex material systems and CR-based integrated free-electron
nano-photonics devices.

Infrared Attenuate Total Reflection Cell With A Functionalized Surface Tu-P2-24

Ulrich Schade!; Ljiljana Puskar?; Ronny Golnak?; Sasha Veber?; J org

Beckmann3

! Albert-Einstein-Strasse 15, Berlin; 2 Albert-Einstein-Strasse 15; 3Unter den
Eichen 87

We discuss an ATR cell utilizing chips from silicon wafers. The cell can be
used for wet-chemical analysis on functionalized surfaces. Here, silicon chips
are exemplarily "functionalized" by silica layers to provide a hydrophilic or
hydrophobic ATR surface in-situ.

Trace Detection Of Furazolidone Based On Terahertz Meta-surface

Tu-P2-25
Sensors

Xujun Xu'; Tingting Yuan?; J ingwen Wwu?; J ianjun Liu%; Yong Du’
1Hangzhou, Hangzhou; 2Hangzhou

In this article designs a terahertz meta-surface microstructure device based on a
symmetrical open loop, there is a resonance peak f1 = 0.937 THz and the
refractive index sensitivity reached 196 GHz/RIU and can be applied to high
sensitivity sensing detection. The meta-surface sensor was used for trace
experimental detection of concentrations of furazolidone solutions. The results
showed that the minimum detection mass concentration of the meta-surface
sensor for the drug reached 10 mg/dL, which is expected to be applied in the
sensing detection of samples in biomedical and other fields.

THz Optical Characterization Of Novel Chalcogenide Phase Change
. Tu-P2-26
Materials

Krishna Kumar'; Miroslavna Kovylinal; Daniil Pashnev?; Surya R. Ayyagariz;
Irmantas Kasalynasz; Borja Vidal'; Carlos Garcfa-Meca!

18F, Camino de Vera, Valencia; 2Savanoriu Ave. 231, Vilnius

THz transmission characteristics of Ge3Sb2Te6 and Sb2Se3 thin films of phase
change materials (PCMs) annealed at several temperatures have been
investigated for the first time. The results are compared to the optical properties
of the well-known Ge2Sb2Te5 PCM. The measured transmission spectra
confirm interesting features such as the presence of non-volatile intermediate
states in Ge3Sb2Te6 or the absence of losses for all Sb2Se3 states, which are
particularly interesting for reconfigurable THz photonics applications such as
dynamic THz absorption and beam steering.

Dual-band Tunable Absorber Of Terahertz Metamaterial Based On

Gallium Arsenide Tu-P2-27



Tingting Yuan'; J ingwen Wu?; Xujun Xu?; J ianjun Liu?; Yong Du?

IChina zhejiang Hangzhou, Hangzhou; 2China zhejiang Hangzhou

Based on the fact that the conductivity of photosensitive semiconductors can be
regulated by external pump light, a metamaterial absorber with single-band and
dual-band switchable is designed by adding gallium arsenide (GaAs) to the
nested cell ring structure in terahertz region. With the increase of external
pump light power, the maximum absorptivity is 99.9% when the conductivity
of GaAs is SAf-10A5 S/m. which is expected to be applied in the fields of
modulator, frequency selector, detector, and so on.

Terahertz Near-Field Imaging For Buried Structures
Pingchuan Ma; Daniel M. Mittleman
Department of Engineering, 184 Hope St., Providence

We demonstrate terahertz imaging of deeply buried structures using the s-
SNOM technique. Our approach successfully visualizes buried metallic lines at
unprecedented depths, approximately 10 times larger than the probe diameter,
opening up new possibilities for advanced quality control of semiconductors.

Microscopic Study On The Essence Of Enamel Demineralization By
Terahertz Near-field Technique

Feng Xiaol; Xiaogiuyan Zhangz; Li Cheng3 ; Aopeng ZhangS; Jingjing Luo® ;
Fanglong Wwu; Hongmei Zhou®; Tao Hu®; Min Hu*

12006 Xiyuan Avenue, Gaoxin West District, Chengdu, Sichuan Province,
China, Chengdu; 22006 Xiyuan Avenue, Gaoxin West District, Chengdu,;

3South Renmin Road, Wuhou District,Chengdu; 42006 Xiyuan Avenue, Gaoxin
West District, Chengdu

Abstract--Early demineralization of enamel has always been a concern for
dentists, but revealing the essence of enamel demineralization from a
microscopic perspective has been challenging due to the lack of appropriate
detection methods. Terahertz technology, with its nondestructive and
nonionizing properties, offers applications in biomedical imaging. In this study,
we utilized continuous wave (CW) Terahertz near-field scanning microscope
(THz-SNOM) technology to perform near-field imaging of enamel after
demineralization. We examined the changes in surface structure and enamel
permittivity during the demineralization process. The presented approach thus
uncovers the mechanism of enamel demineralization from a microscopic
perspective.

Temperature Dependent Dynamics Of Charge Carriers In Tellurium-
Hyperdoped Silicon

KM Ashikur Rahmanl; Mohd Saif Shaikhz; Qianao Yuel; S. Senali
Dissanayakel; Shengqgiang Zhou?; Meng-Ju Sher!

1265 Church St, Middletown; 2Bautzner LandstraBe 400, Dresden
Tellurium-hyperdoped silicon shows significant promise as a candidate as an
intermediate band material for highly efficient solar cells and photodetectors.
We use Time- Resolved THz Spectroscopy to study excited carrier dynamics of
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Si hyperdoped with 0.5, 1, and 2 % of Te. Normalized photoconductivity
measurements reveal carrier lifetime trend across the sample between 100K
and 310K. Consistent with the literature, charge carrier lifetime reduces with
increasing dopant concentration. We found that the carrier lifetime becomes
less temperature dependent as the dopant concentration increases. The peak
photoconductivity changes with temperature which indicates temperature-
dependent carrier mobility. In literature, the photodetection range of Te-
hyperdoped silicon extends to 5.0 micro-m at 20K. Our temperature dependent
carrier transport study in hyperdoped silicon reveals charge carrier trapping and
carrier mobility at different Te dopant concentrations.

A Terahertz QPSK Phase Shifter Based On Insertion Micro-structure
Chips

Meng Hao'; Huajie Liang2 ; Zigiang Yang3 ; Dan Liang4; Kexiang Hu*; Lin
Zou*

1Huzhou, China, Chengdu, China, Huzhou; 2Huzhou, China, Huzhou, China,
Huzhou; 3Chengdu, China; 4Huzhou, China, Huzhou

Terahertz phase shifter is a key research direction of terahertz technology. In
this paper, we design a terahertz phase shifter based on a 3 dB waveguide
coupler as well as GaAs-diodes. The simulation results show that the phase
shifter is capable of achieving the Quadrature Phase Shift Keying (QPSK)
modulation function with phase error less than 3A° and insertion loss better
than 9dB at 220GHz.

Terahertz-capillary Electrophoresis (THz-CE) For Direct Detection Of
Separated Substances In Solutions

Keiko Kitagishil; Kazunori Serita’; Masayoshi Tonouchi?; Takayuki Kawai’

126 Yamadoka, 3-34-23, Suita; 22-6 Yamadaoka, Suita; >744Motooka, Nishi-
ku, Fukuoka

A novel detection technique for capillary electrophoresis (CE) is presented
using THz waves, namely "THz-CE", which enables to detect separated
substances in a solution flowing in a hollow of capillary whose inner diameter
(ID) is 0.1 mm. We placed a narrow open-tubular capillary on the surface of a
GaAs semiconductor substrate as a THz-emitter. By focusing femtosecond
pulsed laser beams at the surface of GaAs closest to the capillary, THz waves
were locally generated to pass through the capillary, so that THz absorbance
spectra were obtained from the capillary which has narrower ID than the
diffraction limit. We successfully achieved the CE separation between acetic
acid and n-propionic acid around neutral pH and obtained the
electropherograms with THz-time domain spectroscopy (TDS), which are
similar to those obtained with conventional contactless conductivity detection.
Our proposed THz-CE showed the potential for the systematic analysis of
inter/intra-molecular weak interactions like hydrogen bonds, which are unable
to obtain with conventional detectors. This technique will be able to be used for
the analysis of biological samples containing many chemical components
combined with various separation techniques.

Development Of Data Labeling Techniques For Terahertz Image-based Al
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Cancer Diagnosis

Myeong Suk Yim'; Yun Heung Kim?; Byeong Cheol Yoo?; Hyun Ju Choi?;
Seung Jae th; Youngbin Ji!

180-59, Golden root-ro, Juchon-myeon, Gimhae-si; 2Seoul

To develop an Al-based cancer diagnosis technology using terahertz medical
imaging, it is imperative to obtain accurately labeled pathological tissue-stained
images that serve as the ground truth. However, acquiring these reference
images presents challenges such as the cooperation of pathology specialists,
high-capacity Whole Slide Images (WSI), and accuracy issues. This study
addresses these challenges by creating a brain tumor animal model to obtain
tissue-stained images of brain tumor samples, and developing an algorithm
using a U-Net neural network for automatic cancerous area segmentation.
Through data preprocessing and Al training, high-accuracy labeled data can be
provided for terahertz-medical imaging-based Al cancer diagnosis.

90~99 GHz Image-Rejection Mixer In 0.14-um MHEMT Technology Tu-P2-34
Woojin Changl; Byoung-Gue Min?; J ong-Yul Park?; Dong Min Kang2
1218 Gajeong-ro, Yuseong-gu, Daejeon; 2218 Gajeong-ro, Yuseong-gu

We designed and fabricated a 90~99 GHz image-rejection mixer MMIC using

0.14-1%m MHEMT technology. The fabricated image-rejection mixer MMIC

has a conversion loss of 6.8~9.6 dB, image-rejection ratios of 8.5~24.2 dB for

RF input frequencies of 90~99 GHz, an LO power of 9 dBm, LO frequencies

of 89.92~98.92 GHz and an IF output frequency of 80 MHz.

Analysis Methods Comparison On A W-Band Corrugated Horn Antenna Tu-P2-35

Abdallah Chahadihl; Cristian Franceschetz; Bruno Maffei’
1121 Rue Jean Teillac, 91440 Bures-sur-Yvette, 121 Rue Jean Teillac, Bures sur

Yvette; 2Via Giovanni Celoria 16 - 20133 Milano (Lombardia); 3121 Rue Jean
Teillac, 91440 Bures-sur-Yvette

We present a detailed modeling and characterization comparison of a
corrugated antenna operating in the W band. The antenna's performance was
predicted using 3D Commercial CST Studio Suite and 2D SRSR software. To
compare the measurement results with the predicted simulation response,
various methods were employed, including far-field characterization, near-field
to far-field transformation, and far-field measurement using a compact test
range. Detailed analysis was conducted to evaluate the antenna's return loss,
insertion loss, directivity, cross-polarization, and co polarization radiation
pattern. The results showed that the antenna's performance matched the
expected characteristics predicted by CST and SRSR down to -70 dB. The
antenna demonstrates low side lobe levels below the main lobe and low cross-
polarization levels. For each type of characterization, the differences between
the models and measurements were calculated.

Design Of 340 GHz High-Gain Monopulse Antenna For Terahertz Capture
And Tracking System

Caixia Wangl; Zhongbo Zhu?; Xiaohe Cheng3 ; Sheng Li%; Wei Shao’; Xiaojun
Li?
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1504 East Chang'an Street, Aerospace Base, Xi'an City, Shaanxi Province,

Xi'an; 2504 East Chang'an Street, Aerospace Base, Xi'an Ci; 3No.10 Xitucheng
Road, Haidian District, Beijing

In this paper, a 340 GHz high gain monopulse antenna for terahertz capture
tracking system is presented. The feed source is a four-feed horn antenna, and a
waveguide with no tension angle at the terminal is used as the feed element to
reduce the shielding of the feed source to the parabolic aperture. Four
waveguide magic-Ts are used to sum and difference the input and output
signals of the four horn feeds. In addition, the reflector is employed to enhance
the antenna gain. The monopulse antenna is simulated and verified, and good
performance is obtained. The simulated results demonstrate that in the 335-345
GHz band range, the antenna reflection coefficient is less than -10 dB, the
maximum differential beam zero depth is -39 dB, and the antenna gain can
reach 63 dBi and the 3 dB beamwidth is 0.048Af,A A°.

Design Of THz Low-Loss Flexible Waveguide Structure
Wei Shao; Caixia Wang; Sheng Li; Zhongbo Zhu; Xiaojun Li
No.504, East Chang'an Street, Xi'an, Shaanxi,China, Xi'an

In this paper, a flexible waveguide structure in terahertz (THz) band is designed
and optimized which selects the porous polymer fiber as the core of the
structure. The simulation results show that the structure can achieve insertion
loss of 0.08dB/cm and flat dispersion coefficient of about 1.5ps/(GHzA'm) in
the range from 195 to 225GHz. In addition, the insertion loss of the structure
with the bending radius of 31mm is also calculated and the results show that:
the performance of the designed THz flexible waveguide structure has a little
change with the bending radius, which will be well applied in THz
communication system.

Design Of A 220 GHz Fourth-harmonic Mixer Based On Schottky Diode
Xuechun Sunl; Penglin Yangl; Tianchi Zhoul; Jiahao Yanglg Hongji Zhoul;
Jingrui Liangl; Jia Zhangl; Jun Zhoul; Yaxin Zhangl; Shixiong Liangz; Wei
Wang2

No. 819, Xisaishan Road, Huzhou City, Zhejiang Pro, Huzhou; 2Xinhua
District, Shijiazhuang City, Hebei Province

In this paper, a 220 GHz fourth-harmonic mixer was designed based on
Schottky diode. The structure of multistage reduced height waveguide has been

used to expand the bandwidth. On the basis of the common sub-harmonic
mixer, this mixer further reduces the required frequency of the LO source.

According to the simulation results, the frequency range of RF is 200-240 GHz.

When the IF is 1GHz, the conversion loss of single sideband (SSB) is better
than 13 dB. In the range of 202-237 GHz, the conversion loss is better than
11.5 dB, and the best value is 10.66 dB.

THz Topological Waveguides In 600 GHz Frequency Region.

Abdu Subahan Mohammedl; Edouard Lebouvierz; Gaétan LévéqueS; Yan
Pennec3; Marc FaucherB; Alberto Am04; Pascal Szriftgiser4; Guillaume
Ducournau’

!Univ. Lille, CNRS, Centrale Lille, ISEN, UPHF, UMR 8520 - IEMN, F-59652
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Villeneuve d'Ascq, France., IEMN, F-59652 Villeneuve d'Ascq, France, Lille;

2V_MICRO SAS, Avenue Poincaré, 59650, Villeneuve d'Ascq, Lille; 3Univ.
Lille, CNRS, Centrale Lille, ISEN, UPHF, UMR, IEMN, F-59652 Villeneuve

d'Ascq, France, Lille; 4PhLAM Laboratoire de Physique des Lasers,, Atomes et
Molécules, 59650 Villeneuve d'Ascq, France, Lille

This work presents an experimental demonstration of a silicon-based valley
photonic crystal (VPC) waveguide designed for the 590-620 GHz frequency
range. The study measured the transmission and group delay for both normal
silicon waveguides and VPC waveguides to investigate the effectiveness of
topological valley kink states for THz communication applications. The results
suggest that VPCs, known for their topological protection, hold great promise
for high-performance photonic circuits, enabling cost and power-efficient data
communication applications in the THz range. The design uses Silicon on
Insulator (SOI) wafers with a 90 Aptm—thick high-resistivity silicon (HR-Si)
and an 11.7 relative permittivity, offering a CMOS-compatible platform with
low absorption loss and a non-dispersive refractive index. The experimental
measurements were performed using a VNA-based measurement system, and
the results were compared with non-topological silicon chips' transmission and
group delay. The study concludes that the topological valley kink states in the
VPC waveguides are promising for THz communication applications, enabling
high-speed 6G data transfer systems. The findings of this study pave the way
for further research into higher frequency bands, leading to Tbit/s systems and
high-speed data communication applications.

Reconfigurable Terahertz Holograms With Cascaded Diffractive Optical
Elements

Wei Jia; Dajun Lin; Berardi Sensale-Rodriguez

50 S Central Campus Dr., Salt Lake City

This work demonstrates cascaded diffractive optical elements (DOEs) designed
through Machine Learning at terahertz frequencies. Machine learning in this
application enables the realization of reconfigurable terahertz holograms
through a tailored multi-degree-of-freedom variation; that is by either varying
the spacing, number, order, and the rotational alignment of the elements it is
possible to attain targeted holograms. The designed DOEs are fabricated by 3D
printing technique and validated through experimental measurements. In all
cases, the desired diffraction patterns are achieved. Such spatial terahertz light
control can have a profound impact on terahertz signal multiplexing, displays,
and imaging.

Iterative Design Of Multiple-Input Single-Output Structures For THz
Signal Multiplexing

Mateusz Surmal; Mateusz Kaluzal; Patrycja Czerwinskal; Pawel
Komorowski?; Przemyslaw Zagrajekz; Agnieszka Siemion!
1Koszykowa 75, Warsaw; 2gen. S. Kaliskiego 2, Warsaw

Mulitple-input multiple-output technology plays an essential role in today's
wireless telecommunication. Therefore, this paper tries to incorporate this
method with an optical approach in the terahertz band. Two approaches to
terahertz diffractive optical multiple-input single-output structures for 96 GHz
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are compared. Both are based on scalar propagation with a modified
convolution method. The first approach applies a modified iterative algorithm
called Ping-pong. Two separated point sources are placed on the input plane,
and single output is requested. The second method combines two separately
iterated structures. Each elementary structure is divided into stripes. Stripes are
then interlaced to obtain a combined structure. Two described methods are
simulated, and resulting structures are manufactured by 3D printing for
experimental evaluation. In both cases, experimental data show well-defined
output peaks.

3D Printed Diffractive Optical Elements For THz Spatial Multiplexing

Mateusz Kaluzal; Mateusz Surmal; Pawel Komorowskiz; Przemyslaw

Zagrajekz; Agnieszka Siemion!

1Koszykowa 75, Warsaw; 2gen. S. Kaliskiego 2, Warsaw
This study presents the design, manufacturing, and examination of single-input

multiple-output (SIMO) diffractive structures for spatial frequency-division
(de)multiplexing of terahertz (THz) radiation. SIMO phase structures were

designed as a combination of two different types of diffractive optical elements.

Structures were examined in numerical simulations. Subsequently, SIMO
structures were manufactured from cyclic olefin copolymer material using 3D
printing fused deposition modeling technology and validated in the
experimental setup. Compared to binary structures presented in our previous
study, the novel design method of SIMO structures provides 40% higher
effective efficiency.

Research On Multipath Artifacts For Typical Concave Objects In
Millimeter Wave Security Imaging

PeiSheng Liang; Chi Zhang; Di Wu; Cheng Liu; Tao Song; Wei Wang; DiWei
Liu

Qingshuihe Campus, University of Electronic Science and Technology of
China No.2006, Xiyuan Ave West, No.4,Section 2,North Jianshe
Road,Chengdu,P.R.China, Chengdu

Millimeter wave (mmw) security imaging technology is a way to detect
concealed objects by receiving the scattered field of targets and then processing
the mmw data to form an image. In the actual process, due to the existence of
the concave structure of targets, in which there are multiple reflections of
electromagnetic waves, resulting in serious multipath artifacts in the
reconstruction results. In this paper, based on the ray-tracing principle, the
electromagnetic wave propagation principle of the typical concave structure
under the scanning regime of a uniform linear antenna array is studied. The
two-dimensional (2-D) scattering models of the typical concave structure is
established, which provides a basis for solving the problem of accurate imaging
of more complex cavities.

Fast Spectrometer Based On Software-defined Radio For Plasma
Diagnostics

Di Pan; Yucheng Cai; Chengming Qu; Xinhang Xu; Lifu Zhang; Jingshuo
Zhang; Jinlin Xie

No. 96, Jinzhai Road, Hefei City, Anhui Province
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During the operation of tokamak, various radiation signals are generated, which
carry information about the energy and distribution of high-energy particles. In
this paper, using software-defined radio (SDR) technology, a broadband fast
spectrometer has been developed, and the electromagnetic spectrum with a
bandwidth of 7 GHz during EAST discharge has been experimentally obtained.
The ion cyclotron emission (ICE) has been observed by adjusting the receiving
frequency band to 34-39 MHz.

A Novel Fresnel Elliptical Reflector For MMW And THz Near Field Tu-P2-45
Imaging -

Nazli Kazemil; petr Musilekz; Fazel Ghiasvand?

1University of Alberta, Donadeo Innovation Centre for Engineering - 9211 116
Street NW, Edmonton; 2University of Alberta, Donadeo Innovation Centre for
Engineering - 9211 116 Street NW, Edmonton; 3Tabriz, Iran

This article describes the design and simulation of a novel Fresnel elliptical
reflector that can assist emerging technologies in the field of millimeter-wave
and terahertz security imaging. The analytical expressions that satisfy the
corresponding amplitude and phase of each section are presented in a general
manner. Two different Fresnel reflectors are designed, and their performance is
compared with conventional reflectors using numerical simulations based on
the Comsol and Feko software packages. The simulation results confirm the
proper focusing of the Fresnel reflector at the desired frequency. Furthermore,
the frequency behavior of the designed reflectors has been thoroughly
investigated. In conclusion, this study provides valuable insights into the design
and simulation of Fresnel reflectors, which can significantly enhance the
performance of emerging technologies in the field of millimeter-wave and
terahertz security imaging.

Frequency-diverse Phase Holograms With Spatial Filtering For
Submillimeter-wave Imaging

Samu-Ville Pilli; Aleksi Tamminen; Juha Ala-Laurinaho; Sazan Rexhepi;
Zachary Taylor

Maarintie 8, Espoo

A design technique for frequency-diverse phase holograms using spatial
filtering to enhance submillimeter-wave imaging performance is presented. The
frequency-diverse holograms are designed to create complex, spatially varying
field patterns for an imaging system operating at 325-355 GHz. The proposed
technique uses spatial filtering during the hologram synthesizing process to
eliminate the wide-angle plane-wave components. This minimizes the field
dispersion outside the region of interest, improving the signal-to-noise ratio and
imaging performance.

Tu-P2-46

VMD-based Methods For Denoising Terahertz Signals Obtained From

Biological Tissue Tu-P2-47

Mohamed Boutaayamou; Jacques G. Verly

Quartier Polytech 1, 10, Allée de la découverte, Liege

We examine methods for denoising THz signals. The main method is based on
the variational mode decomposition (VMD) followed by one of several



thresholding techniques. We present some preliminary results for the denoising
of a signal obtained from a biological tissue under low-noise condition and to
which various amounts of synthetic noise are added. The study shows the
potential of VMD-based methods in characterizing biological samples and, in
particular, human breast cancer tissue.

Terahertz Spectra Study Of Quercetin And Quercitrin From
Ecdysantherarosea

Ting Zengl; Sen Gongz; Jun Zhouz; Yagang Zhang2
No. 783, Xindu Avenue, Xindu District, Chengdu, Sichuan Province,
Chengdu; 2N0.2006, Xiyuan Ave, West Hi-Tech Zone

In view of the potential application of terahertz technology in the identification
and structure identification of organic small molecule compounds, the
absorption spectra of the extract of Edysanthera rosea Hook.et Arn in terahertz
band were analyzed by terahertz time-domain spectroscopy (THz-TDS). The
spectral characteristics and absorption peaks of quercetin and quercitrin in 0.8
~ 1.25THz band were obtained. The two compounds have the same absorption
peaks at 1.10 and 1.16 THz, and they also have significantly different
characteristic absorption peaks, which reflects the fingerprint characteristics of
terahertz for small molecular compounds.

OSAS-B: A 4.7-THz Heterodyne Spectrometer For Atomic Oxygen In The
Mesosphere And Lower Thermosphere

Martin Wienoldl; Alexey Semenovl; Heiko Richterl; Enrico Dietzl; Sven
Frohmannl; Patrick Dernl; Xiang Lﬁz; Lutz Schrottkez; Bernd Klein3; Heinz-
Wilhelm Hiibers”

'Rutherfordstr. 2, Berlin; 2Hausvog:gteiplatz 5-7, Berlin; 3 Auf dem Hiigel 69,
Bonn; “Rutherfordstr. 2

We present the instrumental design and results of the first flight of the Oxygen
Spectrometer for Atmospheric Science from a Balloon (OSAS-B). OSAS-B is
a 4.7-THz heterodyne receiver for atomic oxygen based on a hot-electron
bolometer mixer and a quantum-cascade laser as local oscillator.

An Improved Photonic Crystal Resonator For Sensing Applications At 100
GHz

Yixiong Zhao; Xuan Liu; Jan C. Balzer

Bismarckstr. 81, Duisburg

In this work, we compare two photonic crystal (PhC) resonators for biosensing
applications at around 100 GHz. They are fabricated and characterized to study
their sensing performances. Due to an introduced slot within the resonator and
an optimized Q-factor of more than 6,000, the sensing capacity is greatly
improved.

Standardizing Terahertz Time-domain Experimental Data And Processing
Jongmin Lee'; Chi Ki Leungz; Mingrui Ma?; Axel Zeitler?
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1Dep.eurtment of Chemical Engineering and Biotechnolo; 2Department of
Chemical Engineering and Biotechnology, Philippa Fawett Drive, Cambridge
From molecular vibration investigation to observing galaxies, terahertz
technology has been advanced by countless research groups worldwide over
the past three decades. Naturally, a considerable portion of the research
resource would have been exploited for software development and
modification. Without a standardized file format to store and exchange terahertz
experimental data and the subsequent processing steps, it is challenging to
utilize archived data, exchange data and use processing code shared by others.
We, therefore, suggest a standardized data format, the .thz format, to store time-
domain terahertz data and a set of compatible analysis tools to process the *.thz
files. This short paper introduces the design considerations of the HDF5-based
data format and a converter tool that can be used to convert and organize
terahertz time-domain experimental data into the new format. We also
introduce a compatible terahertz spectrum analysis tool, CaTSper. All software
is released as the dotTHz project via GitHub under the MIT license to allow
widespread adoption and modification. The terahertz community is invited to
contribute to the project so that more tools of greater breadth and depth can be
established and shared for the benefit of the community.

A 1249 GHz Traveling Wave Switch Direct Modulator Using Different
Switch Units

Tianchi Zhou
No0.2006, Xiyuan Ave, West Hi-Tech Zone, N0.2006, Xiyuan Ave, West Hi-
Tech Zone, 611731, Sichuan,China, Chengdu

Terahertz direct modulator is one of the most important devices in terahertz
direct modulation communication systems. In this paper, a direct modulator
based on traveling wave switching scheme is designed. Its working frequency
is located at 140 GHz band, and it is a second-order traveling wave switch
modulator with two different switch units. In the simulation, the traveling wave
switch modulator reaches an overall insertion loss of 4 dB and the on-off ratio
of 24.4 dB at 125 GHz. In experiment, a 4.7 dB insertion loss and a 28.9 dB
switching ratio is realized in 214.9 GHz. With the frequency changes, the on-
and-off states switched and another switching ratio peak is found at 147.2 GHz.

THz Communication System At 1.8 THz By Photonics-Based Transmitter
And Electronics-based Receiver

Isao Morohashi; Yoshihisa Irimajiri; Akira Kawakami; Tadashi Kishimoto;
Pham Tien Dat; Atsushi Kanno; Norihiko Sekine; Iwao Hosako

4-2-1 Nukui-Kitamachi, Koganei, Tokyo

We have demonstrated wireless transmission of quadrature phase shift keying
(QPSK) signals at 1.8 THz and investigated usability of the frequency
multiplier as a local oscillator (LO) source in the heterodyne receiver system
for the wireless communication. For the transmitter, THz signals were
converted from optical carriers extracted from a broadband optical comb. The
receiver system was composed of a hot electron bolometer mixer and a
frequency multiplier for the LO. In the transmission experiment, QPSK signals
were successfully demodulated. The EVM of the demodulated signal was about
17 %, which was lower than that in the case of a phase-locked QCL for the LO
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reported previously.

A Minimalist Terahertz Direct Modulator-based Real-time High-speed
Communication System

Yi Hao; Ding Kesen; You Jinlong; Wang Wei; Liang Shixiong; Sen Gong;
Zhang Yaxin

China,Chengdu,

Tu-P2-54

This study describes a terahertz direct modulator-based direct modulation
communication system. To achieve information loading, it uses a terahertz
direct modulator as the core and a camera video signal as an intermediate
frequency modulation signal. The terahertz detector also enables information
demodulation[4]. The system satisfies the requirements for high transmission
rate and long transmission distance under the constraints of simple architecture,
no requirement for AD/DA, and low power consumption, which lays the
groundwork for further realizing the minimal real-time communication of 100
meters and 100 Gbps required in the next generation of information technology.

Integratable 3D Printed Terahertz Horn Coupler Tu-P2-55

Qigejian Wang'; Haisu Li%; Syed Daniyal Ali Shah®; Boris Kuhlmey®; Shaghik

Atakalramians5

ISchool of Electrical Engineering and Telecommunications (G17), UNSW
Sydney, Kensington; 2nstitute of Lightwave Technology, Beijing Jiaotong
University, Beijing; 3School of EET, UNSW Sydney, Kensington; #School of

Physics, The University of Sydney, Camperdown; >School of EET (G17),
UNSW Sydney, Kensington

Frequencies above 100 GHz are envisaged to provide substantially higher
capacity and lower latency in wireless telecommunications. Moving to higher
frequencies comes with unique challenges to be addressed, including poor
coupling efficiency from free space in and out of planar air-core waveguides.
Here, we design, fabricate and demonstrate a 3D printed horn coupler which
improves the normalized transmittance of a hybrid photonic crystal waveguide
by 20 dB. This work provides a fast, convenient and economical way of
customizing couplers for different waveguide ports and could be integrated in
terahertz devices.

A Concept For The Efficient Integration Of Reconfigurable Intelligent
Surfaces Into A Ray Tracing Framework

Christoph Herold; Thomas Kiirner

SchleinitzstraBe 22, Braunschweig

Tu-P2-56

Reconfigurable intelligent surfaces are considered as a solution to shape
difficult communication environments. In this contribution, a concept for the
efficient integration of reconfigurable intelligent surfaces into an existing ray
tracing framework is presented. By ray tracing a RIS-assisted communication
scenario in two steps - between transmitter and reflective intelligent surface and
between reflective intelligent surfaces and receiver - and by combining those
two parts automatically, an efficient computation of this otherwise difficult
communication link can be provided. The presented solution allows for a later



update of the RIS propagation models due to the ray-tracer's separation of path
finding and computation of propagation effects.

Terahertz Sensor Based On Topological Photonic Waveguide Tu-P2-57
Xuejiao Xu; Zhijie Mei; Xudong Liu; Yiwen Sun

No.1066, Xueyuan Avenue, Nanshan District, Shenzhen

A terahertz (THz) sensor based on topological photonic crystal waveguide was
designed to detect liquids with different refractive indices. Simulation analysis
shows that the transmitted THz wave is sensitive to the refractive index of
liquids near the waveguide surface with line defect structure, which indicates
the proposed THz topological photonic crystal waveguide based sensor has the
potential for micro detection, single cell analysis and sorting in the future.

Nondestructive Inspection Of Bridge Tendon Using A THz A-scanner Tu-P2-58
Dae-Su Yee; Ji Sang Yahng; Seung Hyun Cho
267 Gajeong-ro, Yuseong-gu, Daejeon

When manufacturing bridge tendons, voids may be formed between the sheath
and the grout. We have developed a movable THz A-scanner for nondestructive
inspection of bridge tendons, which can be used to measure THz A-scan data in
real time. We present that the existence and size of the voids can be detected
with the THz A-scanner.

Real-time On-line Thickness Measurement Of Supercapacitor Electrode
. . Tu-P2-59
Coating Using Terahertz Technology

Zhengxian Gaol; Chun Wangl; Xu Zhengl; Chen Lil; Xiaoqing J iaz; Xuecou
Tu2; Lin Kangz; Jian Chenz; Peiheng Wu?

!Chentian Industrial Zone, Baotian 1st Road, Shenzhen; 2Xianlin Ave 163,
Nanjing

Terahertz nondestructive testing technology is a new testing method, which can
accurately measure the complex refractive index, thickness and other
parameters of samples. Electrode coating is widely used in the field of new
energy, such as battery separator, supercapacitor electrode, etc. Here, combined
with the integrated supercapacitor electrode production line, we propose a
method to measure the carbon powder coating thickness of supercapacitor films
online of using the terahertz reflection time-domain spectroscopy.

Coatings Thickness Detection On Anisotropic Materials With Sparse
" Tu-P2-60
Decomposition Method

Yulei Huangl; Weixing Li'; Lin Ke%; Meigiang Zhu'; Nan Zhang3

'No1 Daxue Road, Xuzhou; 22 Fusionopolis Way, Singapore; 3Creative
Industrial Park 22-404, Suzhou Industrial Park, Suzhou

Sparse decomposition method is used to locate the layer interface pulse with
terahertz transmission signal as prior knowledge. Then take advantage of time
of flight (TOF) method to realize multi thin layer coating thickness detection on
anisotropic substrates without considering the complex properties of the
anisotropic materials. This method is validated on the coated carbon-fiber
reinforced polymers (CFRP) samples with two coating layers successfully.



Terahertz Nondestructive Characterization Of Tertiary Mill Scale On Tu-P2-61
Commercial Hot-rolled Steel Strips

Min Zhai'; Alexandre Locquetl; Cyrielle Roqueletz; Jean-Luc Borean?; Philip
Meilland?; David Citrin!
12 Rue Marconi, Metz; ZVoie Romaine, BP 30320, Maizieres-les-Metz

Terahertz time-of-flight tomography is employed to characterize tertiary mill-
scale thickness down to ~ 10 gm on production steel strips. Overall agreement
between terahertz measurements and scanning electron microscopy is found,
validating the practical application of terahertz time-of-flight tomography for
in-line nondestructive thickness characterization and quality control of
optically thin mill-scale on commercial steel products, especially in a
production environment.

Microprobe-based Terahertz Near-field Imaging Of Highly Scattering Tu-P2-62
Pharmaceutical Coatings On Small Tablets

Michael Nagell; Matthias Wolfgangz; Martin Spoerkz; Johannes G. Khinastz;
Simon Sawallichl; Alexander Michalski'
10tto-Blumenthal-Str. 25, Aachen; 2Inffeldgasse 13, Graz

Pharmaceutical solid dosage forms can be inspected using terahertz time-
domain spectroscopy systems. However, in many cases, the size, shape, and
composition pose considerable challenges using classic far-field configurations.
We demonstrate how these challenges can be overcome using microprobe-
based THz near-field imaging in reflection-mode and a wavelet-based signal
analysis algorithm. This technique reveals buried interface structures that were
not resolvable before.

Sparse Synthetic Antenna Array For 3D Imaging And Spectroscopy In

The Terahertz Range Tu-P2-63

Manal Ait Assou; Georges Humbert; Aurelian Crunteanu; Cyril Decroze

123 Albert Thomas Avenue, Limoges

We propose a terahertz (THz) 3D imaging and spectroscopy approach using
planar synthetic arrays. In order to improve the acquisition time, the number of
antenna elements needed in the synthetic array is reduced by employing a
sparse synthetic array. The performances of the full synthetic array and the
sparse array are compared experimentally in both imaging and material
characterizations.

Assessment Of Anti-corrosion Coatings Adhesion Using Terahertz Time
. . Tu-P2-64

Domain Reflection Spectroscopy.

Vincent Wallace

35 Stirling Highway, Perth

Corrosion is a significant economic problem, accounting for up to 5% of the
Global GDP. New coatings are being developed to prevent corrosion, but they
must bond well with the metal surface, have a minimal thickness, and not
delaminate over time. Coating adhesion is crucial for the coating system to
attain its design lifetime. Coatings applied following the manufacturer's



recommendations generally offer good adhesion to the substrate and can resist
the permeation of corrosive agents. Coating adhesion depends on the coating
property and substrate cleanliness, surface roughness, and any pre-treatments
before coating application. The study evaluated the effects of surface roughness
profile morphology and height on the pull-off adhesion strength value of the
coating and its correlation with interfacial adhesion at the coating and substrate.
The results show that delamination of coatings on steel used to protect the
material from corrosion can be detected using terahertz reflection spectroscopy.
The THz data agree well with standard industry pull-off testing. The study
provides evidence that THz reflection spectroscopy can be used for non-
destructive testing of anticorrosion coatings and the aging process.

Defects Detection In Indian Timber Wood Using THz Imaging Technique

Mercy Latha A
Near to BITS, Pilani Campus, Pilani, Jhunjhunu

There is a demand for defect identification in timber wood, particularly by
Indian timber industries. Present defect detection techniques, namely ultrasonic
scanning, sound hammering, x-ray imaging, NIR imaging, and microwave
imaging pose a series of problems such as poor accuracy, destructive approach,
and cumbersome operation. To overcome the limitations of conventional
techniques, terahertz (THz) imaging is emerging as a potential alternative
capable of detecting various defects in wood non-destructively. In this study,
the THz imaging technique has been employed for defect detection of various
defects in three different types of Indian timber wood, namely neem
(Azadirachta indica), babool (Acacia nilotica) and vetpalai (Wrightia tinctoria).
THz continuous-wave imaging system with a photomixer as the source and a
Schottky-based quasi-optical detector has been employed for phase insensitive
imaging in the range of 0.1 to 0.4 THz. The acquired THz images demonstrate
the capability of THz imaging system in detecting different sub-surface and
bulk defects, namely knots, chip marks, insect infestations, etc., non-
destructively. Further, since THz radiation has sufficient penetration depth, this
technique can be used for identifying defects lying deeper inside the timber
wood as well.
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High Harmonic Spectroscopy For Many-body Dynamics In Solids
Koichiro Tanakal; Kento Uchida?

1Oiwake, Kitashirakawa, Sakyo, Kyoto-shi; 2Oiwake, Kitashirakawa, Sakyo,
Kyoto

We report our recent results on high harmonic generation in crystalline solids,
and the effect of many-body correlations on extreme nonlinear optical process
driven by intense infrared field. Our observations indicate that high harmonic

We-PL-1-1



generation can be a new spectroscopic tool to investigate ultrafast non-
equilibrium dynamics of the many-body system.

09:15 - 10:00

Symposia

Plenary Session 6 Theatre

Chairperson(s): Francois Blanchard,

09:15

Terahertz Pump/X-ray Probe Experiments At LCLS We-PL-2-1

Matthias Hoffmann

2575 Sand Hill Road, Menlo Park

I will give a summary of THz experiments using ultrafast x-ray pulses from
free electron lasers as a probe. The first part will be a brief review of our past
and current capabilities at SLAC and highlight results that we were able to
achieve during the first ten years of operation of LCLS. The second part of the
talk will focus at the the future capabilities of LCLS-II (which is coming on-
line this year) and how we will scale to much higher repetition rates to enable
new and exciting science.

10:30 - 12:00

Symposia

Laser Sources & Detectors V
Theatre

Chairperson(s): James Lloyd-Hughes,

10:30

11:00

Broadband GaP Contact Grating Terahertz Source Pumped At 3.9 M We-AM-1-1

ABHISHEK GUPTA!: ROKAS JUTAS?: CLAUDIA GOLLNER?:; AUDRIUS
PUGZLYS?; ANDRIUS BALTUSKAZ: JOZSEF FULOP'
1Wolfgang Sandner utca 3, SZEGED; 2TU Wien, Vienna

A novel GaP semiconductor contact grating THz source with trapezoidal line

profile, pumped at the mid-infrared wavelength of 3.9 ym, is demonstrated.

The source can be scaled to high electric fields due to the plane-parallel

geometry, the availability of good-quality large GaP crystals, and the large

bandwidth of up to 6 THz.

A New Screening Methodology For Terahertz Generation Crystals We-AM-1-2

(Enoch) Sin-Hang Ho'; gabriel Valdivia Berroeta’; Zachary Zaccardi’; Sydney
Pettit3; Bruce Palmer3; Matthew Lutz3; Claire Rader3; Brittan Hunter’ ; Natalie

Green3; Connor Barlow3; Coriantumr Wayment3 ; Daisy Harmon3; Paige

Petersen” ; Stacey Smith3; David Michaelis3; Jeremy Johnson>

1Blrigham Young University, Provo; 2Connecticut, USA.; 3C100 BNSN,
Brigham Young University, Provo

Organic nonlinear optical (NLO) crystals are effective in light frequency
conversion through nonlinear optical applications, such as optical rectification
and second-harmonic generation, due to low dielectric constants and high
molecular hyperpolarizabilities. Yet only a few organic NLO materials have
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been identified. Combining data mining for structures from the Cambridge

Structural Database and density functional theory calculations, we discover

new organic nonlinear optical crystals that generate intense terahertz (THz)

radiation. To confirm our combination approach, we recrystallized and tested

the newly discovered organic nonlinear materials. The results of THz

experiments showed the THz generation capabilities exceed state-to-art THz

generation crystals (DAST, OH-1 and BNA).

Intense Broadband THz Generation In The Organic Crystal BNA By

Compression Of Ytterbium Laser Pulses Based On A Gas-filled Hollow- We-AM-1-3
core Fiber

Young-Gyun J eongl; Luca Zanottol; Dong-Jae Seoz; Yujin Namz; Xin J inl;

Jisoo Kyoungz; Bruno E. Schmidt'; Mostafa Shalaby3; Luca Razzari'!

11650 Boul. Lionel-B oulet, Varennes; 2119 Dandae-ro, Dongnam-gu, Cheonan;

3Technoparkstrasse 1, Ziirich

We investigate the enhanced THz generation characteristics of the organic
crystal BNA when pumped by compressed ytterbium laser pulses. When the
pump pulses are compressed down to 42 fs using a gas-filled hollow-core fiber
and chirped mirrors, the THz conversion efficiency is increased by 75%, and
the generated frequency spectrum extends up to 12 THz. These findings
demonstrate the benefits of using compressed ytterbium laser pulses for
enhancing THz generation in suitable nonlinear crystals for the development of
intense and broadband THz sources.

Characterization Of Organic Nonlinear Optical Crystals For THz
Applications

Hirohisa Uchidal; Chisa Koyamaz; Kohei Hayase3 ; Kosuke Murate3; Kodo
Kawase” ; Kel Takeya4

We-AM-1-4

1Yosuien-nai, 59 Gansuin-cho, Kamigyo-ku; 2Yosuien-nai, 59 Gansuin-cho,
Kamigyo-ku; 3Chikusa-ku, Nagoya; *Okazaki

In this work, we evaluated the effects of humidity and temperature on organic
nonlinear optical crystals. For the effect of humidity, we compared the THz
wave generation before and after exposure tests at a temperature of 30 A,A°C
and a humidity of 80 % for 10 weeks. As a result, terahertz wave output
decreased for the DAST crystal, while terahertz wave output did not decrease
for the DASC and OH1 crystals. For the effect of temperature, we evaluated the
temperature dependence on the EO effect. As a result, when the EO signal was
evaluated using one DAST crystal, the EO signal changed periodically with
temperature fluctuations. On the other hand, when the a-axes of the two DAST
crystals were orthogonal, the EO signal did not fluctuate. From these results,
we have shown that the properties of organic nonlinear optical crystals need to
be understood and their use optimized.

Improved Terahertz Generation Through Heterogenous Multi-Layered
. We-AM-1-5

Organic Crystal Structures

Aldair Alejandro; Daisy Ludlow; Paige Petersen; Kayla Holland; Fatoumata

N'diaye; Tanner Manwaring; David Michaelis; Jeremy Johnson



BNSN C100, Provo

Yellow organic crystals, like BNA, MNA and NMBA can be used to produce
terahertz (THz) light via optical rectification of ultrafast laser pulses. In this
work, we create new multi-layered "sandwich" structures with these yellow
crystals by (1) fusing them to sapphire plates that allow the crystal to withstand
higher laser fluences and (2) using MBBA liquid crystal to improve THz output
efficiency through refractive-index matching in the layers of the structure. We
show that the sapphire plates significantly increase the damage threshold of
these yellow organic crystals by a factor of two or more. We also show that the
THz output efficiency is further increased by using a multi-layered sandwich
structure with an exit liquid crystal layer. In some cases, we show that the
sandwich structure increases the THz intensity by more than a factor of two.

10:30 - 12:00 Spectroscopy III Cartier I

Chairperson(s): Shuying Chen,

Terahertz Multispectral Sub-Wavelength Tomography Using A Solid-
Immersion Lens

Da-Hye Choi; Mugeon Kim; Dong Woo Park; Eui Su Lee; IL-Min Lee
218 Gajeong-ro, Yuseong-gu, Daejeon, Korea, Daejeon

10:30 We-AM-2-1

We demonstrate a multispectral sub-wavelength 3D THz imaging system by
combining a solid-immersion lens (SIL) with a typical THz time-domain
spectrometer (TDS). The imaging resolution of the system is enhanced in a
wide spectral range (from 0.3 to 2.0 THz) with the aid of the SIL.
Experimentally achieved imaging resolution enhancement results are consistent
with the numerical simulation results. To highlight the multispectral sub-
wavelength THz imaging capability, the spectral response of the WR1.9
waveguide near the cutoff frequency, inaccessible with a conventional THz-
TDS-based imaging system, is obtained. In addition, we construct the
multispectral sub-wavelength 3D images using the system by selecting the
appropriate measurement time window of the temporal THz signal. 3D images
of a credit card show the sub-wavelength details of the card, including an IC
chip, invisible due to the plastic cover. The experimental results demonstrate
the capability of the imaging system in non-contact, non-destructive testing of
objects with the sub-wavelength scale structures.

Detecting Crystallization Of Norfloxacin In Paper Tablets After Wet

10:45 Granulation By Terahertz Time-domain Spectroscopy

We-AM-2-2
Lara Heidrichl; Ayat Abdelkader? ; Jan Ornikl; Enrique Castro—Camusl;

Cornelia M. Keckz; Martin Koch!
'Renthof 5 , Marburg; 2Robert-Koch-StraBe 4, Marburg

Granulated and non-granulated smartFilm tablets loaded with norfloxacin
(NOR) were investigated using terahertz (THz) time-domain spectroscopy
(TDS) and x-ray powder diffraction (XRD). THz TDS was more sensitive to
crystalline NOR, as through THz TDS, partial crystallization of NOR after wet
granulation can be observed, which was not detectable by XRD. The results



obtained by THz TDS were used for quantitative crystallinity assessment in the
smartFilm tablets.

11:00 Towards Single-pulse Terahertz Spectroscopy At MHz Rates We-AM-2-3
Nicolas Couturel; Wei Cuiz; Markus LipplS; Rachel Osticz; Défi Jubgangz;
Aswin Vishnuradhanz; Eeswar Yalavarthiz; Angela Gamouras4; Nicolas J 01y5;
Jean-Michel Ménard?
las Templeton St., Ottawa; 25 Templeton St.; 3StaudtstraBe 2; 41200 Montreal
Rd; 5Schlonlatz 4

Single-pulse time-resolved THz detection is performed at repetition rates up to
1.1 MHz with a table-top system. Our detection scheme combines electro-optic
sampling of THz pulses with spectral encoding onto a chirped near-infrared
pulse, followed by time-stretch spectroscopy to monitor the oscillating electric
field of each THz pulse. We demonstrate the concept by monitoring cumulative
carrier injection dynamics in silicon at 50 kHz until a saturation density is
reached and investigate signal-to-noise ratio at higher repetition rates. This
technique paves the way towards fundamental research on fast and non-
reproducible phenomena requiring real-time monitoring as well as industrial
applications requiring fast data acquisition for non-invasive quality control.

The Effect Of Terahertz Scattering On Loss Coefficient In Granular

=15 Compacts

We-AM-2-4

Keir N Murphyl; Daniel Markll; Alison Nordonz; Mira Naftaly3

199 George St, Glasgow; 299 George St,, Glasgow; 3Hampton Rd, Teddington
Terahertz (THz) scattering in compacts is of great interest due to its potential to
quantify particle size changes in granular materials. In this study, we
investigate the effect of both particle size and concentration on THz scattering.
The scattering contributions to the loss coefficient are extracted and analysed
using specially fabricated samples consisting of borosilicate microspheres
suspended in either a polytetrafluoroethylene (PTFE) or paraffin oil matrix.

Characterization Of Morphology-Dependent Transport In Lead-Halide
Perovskite Printed Films Using Time-Resolved Terahertz Spectroscopy

Nils Refvikl; Lennart Reb? ; Christoph Lindenmeirz; Charles J ensenl; Howe

Simpsonl; Damini Vrushabendrakumar3; Karthik Shankar3; Peter Miiller-
1

11:30 We-AM-2-5

Buschbaumz; Frank Hegmann

14.181 CCIS, Edmonton; 2James-Franck-Str. 1 85748, Garching; 3Donadeo
Innovation Centre for Engineering, Edmonton

We report on position-dependent measurements of photocarrier transport using
time-resolved terahertz spectroscopy (TRTS) across a slot-die printed
perovskite film of varying morphology. Using the Drude-Smith model for the
photoconductivity spectra we report maximum intrinsic mobilities of 540 + 20
cm?2/Vs. In addition, we measure variation across the film in the extracted
mobilities and the localization c-parameter, correlated with complementary
measurements of the film morphology and optical properties. To the best of our
knowledge this is the first TRTS study performed on perovskite films produced



11:45

using a slot-die printing technique.

Enhanced Liquid Sensing With 3D Printed Terahertz Photonic Crystals
Marcel Grzeslo; Jonas Tebart; Rihab Hamad; Andreas Stohr; Andreas Klein
Lotharstr. 55, Duisburg

Liquid sensing at THz frequencies is attractive, as it allows not only for the
identification of different substances, but due to large attenuation of aqueous
solutions, even small changes in concentration are detectable, making it ideal
for process monitoring. The sensitivity can be further enhanced, by introducing
a cavity, which holds the liquid, which also simplified the measurement as now
a peak shift, height and width can be quantified. Here we present 3D printed
metallic photonic crystals with standard WR3 waveguide interfaces for
experimental characterization. The design of 2D hexagonal and 3D wood pile
photonic crystals to optimize the sensitivity is presented. Aqueous glucose and
alcohol solutions are investigated.

We-AM-2-6

10:30 - 12:00

Superconductivity & Condensed Matter
Chairperson(s): Martin Dressel,

Cartier 11

10:30

11:00

Higgs Coherence Spectroscopy Of A Parametrically Driven
Superconductor

JIGANG WANG

Department of Physics and Astronomy, AMES

We present the discovery of parametrically driven superconductivity by light-
induced order-parameter collective oscillations in iron-based superconductors.
The time-periodic relative phase dynamics between the coupled electron and
hole bands drives the transition to a distinct parametric superconducting state
out-of-equalibrium. This light-induced emergent coherence is characterized by
a unique phase--amplitude collective mode with Floquet-like sidebands at
twice the Higgs frequency. We measure non-perturbative, high-order
correlations of this parametrically driven superconductivity by separating the
terahertz-frequency multidimensional coherent spectra into pump--probe,
Higgs mode and bi-Higgs frequency sideband peaks. We find that the higher-
order bi-Higgs sidebands dominate above the critical field, which indicates the
breakdown of susceptibility perturbative expansion in this parametric quantum
matter.

Tunable THz Beam Splitter Based On Superconducting NbN

Yan Teng; Yuhua Xiao; Shaochen Li; Chun Li; Ling Jiang

Nanjing Forestry University

In this paper, a novel terahertz (THz) beam splitter based on superconducting
NbN is proposed to realize dynamic switching of the multi-beam. NbN has low
ohmic loss at 4.5K temperatures and can avoid the loss of THz waves on
metals to the maximum extent. Temperature-controlled beam splitters can
reduce design complexity and increase application flexibility. We have
designed and simulated the implementation of a superconducting beam splitter
for five beams to three beams modulation. The proposed method provides a
new approach to the design of THz beam modulation devices.

We-AM-3-1

We-AM-3-2
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THz And Mid-Infrared Linear Dichroism In The High Tc Superconductor
La2-xSrxCuO4

Deepu Georgel; Andrea Markelzl; John Cernel; Xi Hez; Ivan Bozovicz;
Timothy LaFave I
1239 Fronczak Hall, Department of Physics, University at Buffalo, SUNY,

Buffalo; 2Condensed Matter Physics & Materials Science Dept., Bldg. 480 P.O.
Box 5000, Upton

We measure the rotation of the linear polarization of light that is transmitted
through a high Tc superconductor film as a function of sample orientation. We
observe a linear dichroism signal over the entire probing range from 2 to 230
meV, which is consistent with anisotropic in-plane conductivity. The La2-
xSrxCuO4 thin film sample is epitaxially constrained to be tetragonal, so the
symmetry breaking is purely electronic.

Status Of The Spurious Evidence For Photoinduced Superconductivity

Steve Dodge; Leya Lopez; Derek Sahota

8888 University Drive, Burnaby

After more than a decade of research on photoinduced superconductivity, the
experimental evidence for its existence remains controversial. Recently, we
identified a fundamental flaw in the analysis of several influential results on
K3C60 and showed that similar measurements on other compounds suffer from
the same problem. We described how to account for this systematic error, and
reanalyzed evidence that had previously been advanced for both photoinduced
superconductivity and Higgs-mediated terahertz amplification. We found that
both phenomena may be understood instead as a photoenhancement of the
carrier mobility that saturates with fluence, with no need to appeal to a
photoinduced phase transition to a superconducting state. We summarize this
reinterpretation and describe how subsequent work on K3C60 provides
quantitative support for it.

Terahertz Excitation Of Chiral Phonons Probed Via The Faraday Effect
Jeremy Johnson'; Megan Nielson?; Sin-Hang (Enoch) Ho?; Aldair Alejandroz;
Matthew Lutz?; Clayton Moss?

1C312 BNSN BYU, Provo; 2C371 BNSN BYU, Provo

By combining two variably delayed THz pulses with vertical and horizontal
polarizations, we create one combined THz pump pulse with circular
polarization. This circular polarized THz pulse is used to excite chiral phonon
motion in non-magnetic LiNbO3, which in turn induces a transient magnetic
moment that we probe via the ultrafast Faraday effect.

We-AM-3-3

We-AM-3-4

We-AM-3-5

10:30 - 12:00

Antenna Imaging Techniques I1

Chairperson(s): Zachary Taylor,

International

10:30

Terahertz Single Pixel Imaging Via Spatial Polarization Modulating Masks We-AM-4-1



Seth Lowryl; Matt Reid?; Christopher Collier!
11137 Alumni Ave, Kelowna; 23333 University Way, Prince George

Terahertz single pixel imaging is rapidly evolving to meet innovations in spatial
terahertz modulation. The work presented here demonstrates a novel
modulation scheme for terahertz frequencies involving the direct spatial
modulation of the imaging beam polarization. This is realized by the design of
modulation masks that incorporate wire-grid polarizers as each modulating
pixel to probe the polarization response of an object. The wire-grid polarizer
masks are constructed by preparing parallel wires of aluminum film on
polyethylene by laser ablation. In this work, five-by-five pixel polarization-
sensitive images of an object are reconstructed by a compressive imaging
method to demonstrate the feasibility of using spatial polarization modulation
to conduct polarization-resolved terahertz single pixel imaging. This modality
gives access to polarization-resolved images using terahertz detection
configurations which are less complex with faster image acquisition relevant to
terahertz material inspection via polarization-resolved imaging.

10:45 Multi-color Terahertz Spatial Light Modulator For Single-pixel Imaging  We-AM-4-2

Chenyu Wang; Yu Liao; Xudong Liu; Yiwen Sun
No.1066 Xueyuan Avenue, Nanshan District, Shenzhen

A broadband THz single-pixel imaging system was built by a 10*10 broadband
electrical SLM. The SLM shows modulation performance at various
frequencies. A metal pattern with "box" shape was successfully constructed
with our system at 3 frequencies. The imaging system in this paper outperforms
the current single-pixel imaging systems based on metamaterials in terms of
bandwidth and pixel numbers.

Antenna For Free Space-coupled Third-order Sub-harmonic Coherent

Detector Array In The 300 GHz Band We-AM-4-3

11:00

Meng Zhangl; Zhenming Tianz; Benedikt Sievertz; Christian Preussz; Nils
Weimannz; Andreas Renningsz; Daniel ErniZ

IBismarckstrasse 81 , Duisburg; 2Bismarckstrasse 81

A third-order sub-harmonic transmitarray is proposed for a coherent detector
array. The transmitarray operates in the 100 and 300 GHz bands, which
correspond to the RF signal and LO signals in coherent detection. Considering
the integration with an on-chip detector element, the transmitarray element is
fabricated on a silicon wafer utilizing a multi-layer photolithography process.
In the measurement, the element shows the capability of receiving signals from
its opposite sides in the dual-band. At 100 GHz the antenna emits broadside
whereas in the 300 GHz band the beam radiates in the opposite direction.

Improved Phase Retrieval Techniques For Millimeter Wave Beams In
Noisy Environments

Alex Laut; Kyle Thackston; Lavanya Periasamy; James Anderson

PO Box 85608, San Diego

11:15 We-AM-4-4

Characterizing a millimeter wave beam's propagation properties is critical for
power coupling into an overmoded transmission line for applications such as



11:30

plasma heating in a fusion device. Techniques to process experimental beam
data from millimeter wave sources will be discussed. A method to reliably
estimate the second statistical moment of a noisy RF beam will be described as
will an improved phase retrieval algorithm used to determine the complex field
distribution at a source's aperture where experimental data cannot be directly
acquired. The coupling quality can be indicated by a modal decomposition of
the aperture field. These techniques were incorporated into an interactive code
to assist in the commissioning of ECH gyrotrons

Analysis Of Surface Roughness With 3D SAR Imaging At 1.5 THz We-AM-4-5

Aman Batral; Yevhen Ivanenko? ; Viet T. Vuz; Michael Wiemelerl; Mats 1.

Petterssonz; Diana Goehringer3; Thomas Kaiser'

Bismarckstr. 8 1, Duisburg; 2Valhall:aw'aigen 1, Karlskrona; 3Néthnitzer Str. 46,
Dresden

The expansion of the synthetic aperture radar (SAR) to the emerging THz
spectrum has enabled a new era of applications in the areas of automobile,
security, non-destructive testing, and material characterization. Thanks to the
sub-mm wavelength, extraction of material surface properties is possible and of
significant interest for the THz SAR applications. The properties define the
surface scattering behavior, which is relational to the applied frequency. This
study focuses on surface classification. We evaluate the scattering behavior of a
rough surface and a smooth surface at 1.5 THz based on a SAR processing
sequence that is introduced in this paper. First, we form the 3D SAR images of
the metallic objects and then evaluate the surface properties based on the
variation in the energy reflected by the object's surface.

10:30 - 12:00

International

Chemistry, Biology & Medicine 111 I

Chairperson(s): Angela Vella,

10:30

11:00

Towards The Detection Of Heavy Metals In Plants Using THz We-AM-5-1
Lisa Kreuzerl; Fabian Brixz; Petra Diichting2; Sebastian Gassell; Carsten

Brennerl; Milan Deumer3; Robert Kohlhaas’ ; Ute Kréimerz; Martin R.

Hofmann1

"UniversitaetsstraBe 150, Bochum; 2UniversititsstraBe 150, Bochum;
3Einsteinufer 37, Berlin

The pollution of soil and the resulting contamination of plants with heavy
metals is a growing concern for, food safety and human health in industrialized
countries. Until now, the exposure of plants is studied by means of complex
procedures in the laboratory, in which a part of the plant is destroyed. In this
study, we demonstrate a non-destructive method using Terahertz spectroscopy
to detect heavy metal accumulation in leaves of A. halleri.

Comprehensive Data Analysis And Machine Learning Models For
Automatic Identification Of Chemical Compounds Based On Terahertz We-AM-5-2



11:15

11:30

Spectra

Zi Xi Josie Lim'; Nan Zhangl; Wei Ji Phua'; Lijie Yu?; Jia Yi Kwangz;
Angeline Tangz; Angeline Tiong Whei Yapz; Yee-Fun Lim®; Lin Ke*

175 Ayer Rajah Crescent, #01-08, Singapore; 211 Outram Road, Singapore; 3
Fusionopolis Way, Singapore; 4 Fusionopolis Way, Singapore

The article describes a method for auto-identification of chemical compounds
encountered in complicated real-world scenarios, with common issues such as
complex spectra, mixtures, and masking of signals. This method comprised a
sample treatment protocol, data processing technique, and machine learning
algorithms. The data processing technique involved normalizing and filtering
the chemical spectrum to isolate characteristic peaks. Principal Component
Analysis and t-distributed Stochastic Neighbor Embedding were used to
identify significant features and reduce data dimensionality. Machine learning
models such as Support Vector Machine, Random Forest Classifier, Gradient
Boosting Classifier, and Neural Network Classifier were implemented to
classify the identified peaks. The accuracy of the models was tested using
diluents, illicit drugs, and mixture chemicals, and all machine learning models
showed over 90% accuracy. This concluded that the method can potentially be
incorporated into software for on-site testing and automatic identification of
chemical compounds in real-world scenarios.

In-line Non-destructive Multi-wavelength Medicine Quality Inspection
Yuya Kinoshita; Sayaka Hirokawa; Kou Li; Daiki Sakai; Yuto Matsuzaki; Yuto
Aoshima; Raito Ota; Daiki Shikichi; Yukio Kawano

#1609, 1-13-27 Kasuga, Bunkyo-ku

We report on real-time in-line measurements of pharmaceuticals using carbon
nanotube (CNT) sensors and multi-wavelength. In this study, we developed an
in-line multi-wavelength optical system consisting of single photo-sources
from IR to MMW to perform pharmaceutical imaging inspections. In these
bands, CNT films are well known for their highly efficient absorption. As a
result, based on different transmittances of medicines, we demonstrated in-line
imaging identification of different types of medicine.

Machine Learning Classification Of Breast And Oral Fresh Cancer Tissue
Based On Terahertz Imaging

Jyotirmayee Dash'; Arun Jana?; Lenin B'; Shyamsundar Mandyaml; Bala
Pesala'
1Siruseri, Chennati; 2Siruseri., Chennai

In this paper, a compact cost-effective continuous wave Terahertz (THz) system
is utilized to differentiate between cancer and healthy tissue regions in fresh
tissue samples. Both oral and breast cancer margin assessment has been
analyzed using THz imaging. More than ten cancer and normal fresh tissues are
imaged below 0.3 THz and the results are compared with the histopathology
images (i.e. the gold standard technique). Advanced Machine Learning
algorithms such as Support Vector Machine and Random Forest algorithm are
incorporated based on the THz results to differentiate cancer and normal tissue.

We-AM-5-3

We-AM-5-4



Significant contrast at lower frequency region on the fresh tissue confirms the
potential of THz imaging for intraoperative cancer margin detection.

13:30 - 15:30

Laser Sources & Detectors VI

Chairperson(s): Matthias Hoffmann,

Symposia
Theatre

13:30

13:45

14:00

Terahertz Hot-Electron Bolometric Detectors Based On Metal/Black-
AsP/Graphene FETs: Proposal And Evaluation

Taiichi Otsujil; Victor Ryzhiil; Chao Tangl; Maxim Ryzhiiz; Vladimir Mitin’;
Michael Shur

1211 Katahira, Aoba-ku, Sendai; 2Ikkicho, Aizuwakamatsu; 312 Capen Hall,
Buffalo; 4110 8th Street, Troy

A novel terahertz (THz) hot-electron bolometric detector based on a graphene
field effect transistor with the black-AsP gate barrier layer (BL) is proposed.
The authors developed the device model, and evaluated its THz detection
performances theoretically. By providing a relatively low energy barrier for the
emitted electrons the b-AsP BL helps reinforce the THz radiation absorption
and the intensification of the electron heating and thermionic emission
associated with the resonant excitation of plasmonic oscillations in the
graphene channel. The characteristic responsivity R for the structures with the
Fermi energy ? = 120 to 140 meV (corresponding plasma frequencies in the
range of 1 to 3 THz), the device feature size of 10 to 20 ?m, and the electron
viscosity frequency of 0.1 /ps operating at room temperature was estimated to
be R =500 to 1,000 A/W. One remarkable feature is that higher harmonic
resonant frequencies get larger responsivity than that at the fundamental
frequency.

Fast THz Detection By An Asymmetric-Dual-Grating-Gate Graphene-
Channel FET Based On Plasmonic And Photothermoelectric Effects

Koichi Tamural; Shinnosuke Uchigasakil; Hironobu Sekil; Chao Tangl;
Daichi Ogiural; Kento Suwal; Hirokazu Fukidomel; Yuma Takidaz; Hiroaki
Minamidez; Tetsuya Suemitsu3; Taiichi Otsujil; Akira Satou!

12141 Katahira, Aoba-ku, Sendai; 2519-1399 Aramakiaza-aoba, Aoba-ku,

Sendai; 36-6-10 Aramakiaza-aoba, Aoba-ku, Sendai

We investigate the fast photoresponse of an asymmetric du-al-grating-gate
graphene-channel FET THz detector and experimentally demonstrate a 10-ps-
order fast response time to 0.95-THz radiation incidence at room temperature.
Through the bias-voltage dependences of the photoresponse, we identify that
both plasmonic and photothermoelectric rectification effect co-exist in a wide
gate bias voltage range as the detection mechanisms.

Influence Of Antenna Parameters On Terahertz Photoelectric Tunable-
step Detector Operation
Ran Chen; Harvey Beere; David Ritchie; Wladislaw Michailow

We-PM1-1-1

We-PM1-1-2

We-PM1-1-3



Cavendish Laboratory, University of Cambridge, J.J. Thomson Avenue,
Cambridge

A novel, quantum mechanism, the in-plane photoelectric effect, was recently
demonstrated in two-dimensional electron gas (2DEG)-based dual-gated
detectors yielding a large terahertz photoresponse. To develop the mechanism
further, a systematic study is carried out in this work to investigate the
parameter dependence of the THz photoresponse. The electric field distribution
within the 2DEG channel is simulated and integrated to obtain the radiation-
induced ac potential difference as a function of the gap size and the 2DEG
depth. Based on the simulation results, we design, optimize, and fabricate a
dipole-antenna photoelectric tunable-step (PETS) THz detector with gap size b
= 190 nm and 2DEG depth d = 90 nm, which shows a strong photoresponse to
1.9 THz radiation.

Integrated Ultra-Broadband THz Photodiode With Silicon Rod Waveguide

14:15 Interface

We-PM1-1-4

Shuya Iwamatsul; Muhsin Ali2 ; José Luis Fernandez-Estevezl; Marcel
Grzeslol; Sumer Makhlouf3; Guillermo Carpinter04; Andreas Stohr!

L otharstr. 55, Duisburg; 2 Avenida Gregorio Peces-Barba 1, Leganés; 3Essener
Str. 5, Oberhausen; 4 Avenida de la Universidad 30, Leganés

Dielectric waveguides have shown great promise for THz integrated systems
due to their ultra-low loss and broadband operation. This study reports an
integration of ultra-broadband uni-traveling-carrier photodiode (UTC-PD) with
high-resistivity silicon dielectric rod waveguides (DRW), which would fully
exploit ultra-broadband performance of THz photomixers and play a vital role
in developing practical on-chip THz spectroscopy systems.

Ultra-Compact And Room-Temperature Focal Plane Assemblies For

14:30 Lunar Advanced Filter Observing Radiometer For Geologic Exploration

We-PM1-1-5

Giacomo Mariani; Matt Kenyon; Byeongho Eom
4800 Oak Grove Dr, Pasadena

This work presents focal plane modules for Lunar Advanced Filter Observing
Radiometer for Geologic Exploration, a multispectral imaging infrared
radiometer which measures heat coming from the lunar surface to determine
the temperature, thermal inertia and composition of geologic materials on the
Moon's surface. The focal plane arrays are micromachined at JPL and
integrated into sub-assembly modules to be mounted on the optical telescope of
the instrument.

BABAR-ERI: Black Array Of Broadband Absolute Radiometers -- Earth

14:45 Radiation Imager

We-PM1-1-6

Christopher Yungl; Cameron Straatsmaz; Nathan Tomlinl; David Harberz;
QOdele Coddingtonz; John Lehmanl; Michelle Stephens1
1325 Broadway, Boulder; 21234 Innovation Dr, Boulder

BABAR-ERI is being developed for a CubeSat capable of imaging the Earth's



15:00

15:15

outgoing longwave radiation with a 1 km ground sample distance (GSD) using
a push-broom imager. The detector is a silicon micromachined 32-pixel linear
array of electrical substitution radiometers capable of broadband sensing from
0.3 I%4m to 100 1%m using vertically aligned carbon nanotube absorbers
located on each pixel. Our aim is to demonstrate data performance, with a
CubeSat, against existing CERES instruments but at a smaller GSD. Electrical
substitution radiometers are well suited to this task as they have heritage as
ground calibration transfer standards and in space for total solar irradiance
measurements.

On Cold Operation Of An SiGe HBT As A Broadband Low-NEP THz

Direct Detector We-PM1-1-7

Janusz Grzybl; Marcel Andreel; Bernd Heinemann? ; Holger Rueckerz; Ullrich
Pfeiffer!

IRainer-Gruenter-Str. 21, Wuppertal; ’Im Technologiepark 25, Frankfurt
(Oder)

This paper reports on cold operation of a SiGe HBT in an experimental 0.13-
pm technology as a broadband THz power detector and compares it against the
classical forward-active operation range based on a frequency-dependent
nonlinear device model. In the near-THz fractional bandwidth of 250-1000
GHz, a state-of-the-art optical NEP of 3.9-28 pW/\/HZ and 2.1-16 pW/\/Hz for
cold and forward-active operation, respectively, was measured for the antenna-
coupled THz detector comprising 2 devices in common-base (CB)
configuration.

A Broadband Dual-Polarized Low-NEP SiGe HBT Terahertz Direct
Detector For Polarization-Sensitive Imaging

Marcel Andree'; Vishal J agtapz; Janusz Glrzyb2 . Ullrich Pfeiffer”
'Rainer-Gruenter Str. 21 , Adersstral3e 48, Wuppertal; 2Rainer-Gruenter Str. 21

We-PM1-1-8

A broadband silicon-integrated dual-polarized antenna-coupled THz direct
detector with a minimum NEP of 2.7 pW/\/Hz at 450 GHz and 16 pW/\/Hz at
850 GHz is implemented in a 4-mirror focussed imaging setup, demonstrating
polarization-sensitive imaging at 852 GHz. Polarization-sensitive images are
computed through the Stokes vector formulation. Based on the degree of linear
polarization, finer local physical fingerprints of an imprinted Teflon object are
revealed.

13:30 - 15:30

Nonlinear THz Phenomena Cartier 1
Chairperson(s): Guogian Liao,

13:30

Il\;;)nlll;;l:iz:)l;l ’Sl“Hz Control Of Lead Halide Perovskite Lattices In 3,2, And 1 We-PM1-2-1
Sebastian F. Maehrleinl; Joanna M. Urbanl; Maximilian Frenzell; Marie

Cherasse'; Gaell Trippé-Allardz; Abdelaziz Jouaiti®; Sylvie Ferlay3 ;

Emmanuelle Deleporte2

1Faradayweg 4-6, Berlin; 24 Av. des Sciences, Gif-sur-Yvette; 34 Rue Blaise



Pascal, Strasbourg

Lead halide perovskites (LHPs) have emerged as promising semiconductor
materials for next-generation optoelectronic devices such as solar cells or
LEDs. The origin of their surprising optoelectronic properties have been linked
to a delicate interplay of their complex lattice structure and electronic degrees
of freedom. Here, we demonstrate coherent THz control of lead halide's
octahedral twist modes, being highly relevant for structural phase fluctuations
and dynamic disorder. We discuss the different nonlinear driving mechanisms
and give an outlook for lattice control of dimensionality-tailored LHPs in three,
two, and one dimensions.

Interplay Between Intervalley Scattering And Impact Ionization Induced

By Intense Terahertz Pulse In InSb Thin Films We-PMI1-2-2

14:00

Carlos Miguel Garcia Rosas'; Xavier Ropagnoll; Leo Guiramand?; Francois
Blanchard’; Tsuneyuki Ozaki!

11650 boulevard Lionel Boulet, Varennes; 21100 rue Notre-Dame Ouest,
Montreal

In this work, we reveal the intricate interplay between two major nonlinear
THz effects: intervalley scattering and impact ionization, generated by an
intense few-cycle THz pulse in an undoped (100) indium antimonide
semiconductor at room temperature. Our results show an initial transmission
enhancement when increasing the peak electric field up to 91 kV/cm, followed
by increased absorption for higher fields. Our analytical model explains that
this initial transmission enhancement occurs due to a balance between
absorption bleaching (induced by intervalley scattering of electrons in the
conduction band) and impact ionization. We show that for THz peak electric
fields higher than 91 kV/cm, impact ionization starts to be the dominant energy
loss mechanism. These experimental results match very well qualitatively and
quantitatively with our developed theoretical model.

High-harmonic Generation In P-doped Si By Band Non-parabolicity,

Energy-dependent Relaxation And Dopant Photo-ionization We-PM1-2-3

14:15
Fanqi Mengl; Frederik Walla’; Sergey Kovalev?; J an-Christoph Deinert’; Igor
Ilyakov3; Min Chen?; Alexey Ponomaryov3; Sergey G. Pavlov*; Heinz-
Wilhelm Hl'ibers4; Nikolay V. Abrosimov’ ; Christoph J ungemann6; Hartmut.G
Roskosz; Mark D. Thomson>
"'Max von Laue street 1, Frankfurt am Main; 2Max von Laue street 1,
Frankfurt; 3Bautzner Landstr. 400, Dresden; “Rutherfordstr. 2, Berlin; "Max-
Born Str. 2, Berlin; ®Kackertstr 15, Aachen

We investigate ultrafast harmonic generation (HG) in Si:B, driven by intense
300-GHz pump pulses with fields up to 115 kV/cm, at 4~K and 300~K. We
report several novel findings: (i) Harmonics of order up to n=9 are observed at
room temperature, while at low temperature we can resolve harmonics reaching
even n=13. (ii) For T=300 K, simulations by multi-valence-band Monte-Carlo
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calculations combined with finite-difference time-domain propagation show
that the HG process, upon increase of the radiation field, becomes more and
more dominated by energy-dependent scattering rates over the contribution
from band non-parabolicity. (iii) At T=4 K, we observe a drastic rise of the HG
yield with the THz field strength, as one reaches the threshold for tunnel
ionization at (internal) pump fields of 30 kV/cm. We disentangle the HG
contributions in this case into contributions from the initial 'generational' and
subsequent band-nonlinearities, and show that scattering severely degrades any
coherent recollision during the subsequent oscillatory motion of the holes.

Ultrafast Carrier Dynamics In Germanium Driven By Strong THz Field We-PM1-2-4
ABHISHEK GUPTA!: VINEET GUPTAZ; JANOS BOHUS?: KALYANI

CHORDIYA?2; MOUSUMI KAHALY?; ASHUTOSH SHARMAZ: JOZSEF

FULOP?

'Wolfgang Sandner utca 3, SZEGED; “WOLFGANG SANDNER UTCA 3,
SZEGED

Strong THz field driven ultrafast carrier dynamics in n-doped Ge is studied by
THz pump--THz probe measurements. Strong and distinctly different transient
redistribution of free carriers at different pump field strengths (90 kV/cm, 450
kV/cm) and temperatures (300 K, 95 K) is revealed. Signatures of a large
transient population of the I" valley were observed especially at the low
temperature, where impact ionization can also contribute to the observed
dynamics.

High-field Terahertz Carrier Dynamics In Ge And GaAs We-PM1-2-5
Matthew Lutz; Clayton Moss; Josue Dominguez; Jeremy Johnson

Ezra Taft Benson Building, Campus Dr, Provo

We performed high-field terahertz transmission measurements on germanium

(Ge) and gallium arsenide (GaAs). We observed a decrease in sample

absorption as electric field strength increased in both cases. To understand the

underlying processes, we modeled the change in carrier population as a

function of time in Ge and applied a Drude model to calculate absorption. For

GaAs, we ascribe the change in signal to carrier generation via impact

ionization and Zener tunneling.

Martensite Transformation Triggered With Intense THz Pulses We-PM1-2-6

Masaya Nagail; Yuhei Higashitanil; Masaaki Ashidal; Koichi Kusakabez;

Hirohiko Niioka3; Azusa Hattori4; Hidekazu Tanaka4; Goro Isoyama4;

Norimasa Ozaki’
1Machikanc—‘:yama 1-3, Toyonaka; 2321 Kouto, Kamigori; 32—8, Yamadaoka,
Suita; 48-1 Mihogaoka, Ibaraki; -1 Yamadaoka, Ibaraki

We demonstrate THz-induced martensitic transformation. We irradiated the
intense THz pulses resonant for the lowest optical phonon on the surface of the
partially stabilized zirconia plate and found that the clear evidence of
martensitic transformation from tetragonal to monoclinic phase. We calculated
the phonon dispersion in tetragonal zirconia and found the effective channel for
the trigger of the transformation. Since the THz pulse excitation allows specific



local shear deformation beyond thermal equilibrium, it will open new scheme
of nonlinear phononics in condensed matters.
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Vectorial Currents And Broadband Terahertz Vector Beams With
. We-PM1-3-1
Optoelectronic Metasurfaces

Jacob Pettinel; Lauren Gingrasz; Peter Adelz; Chun-Chieh Chang3; Rohit
Prasankumar4; Ronald Holzwarth? ; Antoinette Tay10r3; Shizeng Lin3; Prashant
Padmanabhan3; Hou-Tong Chen’

'PO Box 1663, Los Alamos; ZBunsenstrafBe 5; 3PO Box 1663; 4Bellevue;
>Martinsried

While fundamental to many scientific and technological applications,
capabilities for controlling charge currents remain highly restricted, particularly
at modern limiting nanometer spatial and femtosecond temporal scales. Here,
we demonstrate a novel method for versatile ultrafast light-based current
control within new class of optoelectronic metasurfaces. Local directional
charge flows in the graphene layer underlying each gold nanoantenna conspire
to millimeter-scale currents, as characterized via terahertz (THz) emission.
Implementing large-area vector arrays as efficient sources, we introduce readily
frequency/polarization tunable broadband cylindrical vector beam generation in
the THz range, toward applications in information science, charge acceleration,
THz spectroscopies, and THz imaging.

Continuous 3D Multimodal Buckling Modulated Chiral Responses In
Reconfigurable Terahertz Metamaterials

Donghai Han; Liuyang Zhang

No. 28, West Xianning Road, Xi'an

Recent advances of metamaterials (MMs) have opened the door to giant
chirality beyond natural levels of existing media. A variety of tunable chiral
MMs are also proposed to realize dynamic chiral control and the
morphologically reconfigurable MMs are widely constructed to modulate chiral
responses owing to its simple structural composition. However, the existing
reconfigurable MMs can only transform from non-chirality to one chirality
under external loadings. Here, a reconfigurable terahertz MM is proposed to
realize the multiple modulation of the chiral effect based on the 3D multimodal
buckling deformation. The planar MM is initially transformed into a 3D
symmetric morphology without chirality by releasing the biaxially pre-
stretched substrate. Furtherly, the orthogonal uniaxial loading-path can
facilitate two morphologies of MM with opposite chirality. In the above-
mentioned continuous deformation process, the circular dichroism can be
modulated from -0.18 to 0.18. Our proposed multimodal reconfiguration
principle has provided a novel modulation principle of MMs and might extend
the reconfigurable meta-devices toward more advanced functional applications.

We-PM1-3-2
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Sensitivity Enhancement Of THz Meta-Material By Decoupling Its

Resonance From Substrate's Fabry-Pérot Oscillations We-PM1-3-3

Heena Khand'; Rudrarup Senguptaz; Gabby Sarusi’
"Marcus Family Campus Ben-Gurion University of the Negev P.O.B. 653,
Beer-Sheva; “Marcus Family Campus P.O.B 653

In this work, we introduce the issue of sensitivity-reduction due to the
interaction/coupling of substrate's Fabry-PA©rot (FP) oscillations with the
terahertz Meta-Materials (MM) LC-resonance. This coupling is more intense in
thicker semiconductor substrates, due to high density of FP oscillations and
thus probability of coupling with the single MM resonance increases, resulting
in reduced sensitivity of resonant MM. We show sensitivity-restoration of the
MM resonance red-shift, by decoupling it from the FP-oscillation after thinning
down the substrate (using CMOS-only-process), giving 5-fold enhancement in
dielectric-sensitivity compared to conventional substrates.

1-bit Terahertz Time-space-coding Metasurfaces With Refined Wavefront We-PM1-3-4
Modulation For Harmonic Beam Scanning Enhancement

Munan Yangl; Feng Lan'; Yaxin Zhangl; Dongfang Shen?; Tianyang Songl;
Luyang Wangl; Zigiang Yang1
1404B, Research Institute Building, University of Electronic Science and

Technology of China (Qingshu, Chengdu; 2404B, Research Institute Building,
University of E, Chengdu

Considering state of the art, coding-metasurface-based terahertz beam steering
confronts issues of narrow angular range and low precision limited by nonideal
space-encoded methodology. The emerging time-space coding metasurfaces
open a new dimension to improve electromagnetic wave modulation accuracy
and range under time-varying signal manipulation. Herein, based on the high
electron mobility transistors (HEMTs), we propose a terahertz time-space
coding metasurfaces (TTSCM) with refined wavefront modulation for
harmonic beam scanning enhancement. Combining cyclic time modulations on
the bias feeding signal and HEMT-switched phase coding, the TTSCM
compensates the 1-bit quantization error with the joint coding for refined
wavefront modulations. Numerical prediction verifies that the symmetrical
Aff Af A A+1st harmonic beam scanning within Aff, Af A A+80Aff Af A A°
angular range and a scanning accuracy of 1Aff Af,A A° has a larger field of
view and higher precision. The proposed terahertz time-space-coding
metasurfaces offers a feasible approach for various scenarios, such as super-
resolution imaging and wireless communications.

High-efficiency And Wideband Five-order Geometric-Phase Coding
Metasurfaces For Sub-terahertz RCS Reduction

Haobin Sun'; Feng Lan?; Munan Yang3; Tianyang Song3; Luyang Wang4;

We-PM1-3-5

Yaxin Zhang4; Zigiang Yang4
1NO.2006, XlIyuan Ave, West Hi-Tech Zone, Chengdu, Chengdu; 2NO. 2006,

Xlyuan Ave, West Hi-Tech Zone, Chengdu; 3NO. 2006, Xlyuan Ave, West Hi-
Tech Zone, Chengdu, The Yangtze Delta Region Institute (Huzhou), University
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of Electronic Science and Technology of Chin, Chengdu; “NO. 2006, Xlyuan
Ave, West Hi-Tech Zone, Chengdu, Chengdu

Pancharatnam-Berry principled high-order geometric-phase metasurfaces have
drawn considerable interest for their unique ability to regulate electromagnetic
waves exquisitely. However, the efficiency and bandwidth of high-order

geometric-phase metasurfaces remain to grapple with for practical applications.

Herein, we propose a high-efficiency and wideband five-order geometric-phase
coding metasurface consisting of 5-fold rotationally symmetric structures.
Rotating the proposed meta-atoms can effectively realize LCP-RCP conversion
over 90% efficiency in 105-120 GHz or vice versa and 2-bit coding with
smooth 17/2 phase-shift interval. As a proof of concept, a 2-bit high-order
geometric-phase coding sequence convoluted from the cross-coding and
orthogonal coding sequences attains enhanced RCS reduction on the proposed
metasurface. Corroborated by rigorous full-wave simulations and numerical
calculations, the novel phase-coding metasurfaces are promising in terahertz
holograms, computational imaging, vortex beam generations, flat lenses, etc.

Coherent Thermal Emission From Circular N-GaN Surface Relief
Gratings

Vytautas J anonisl; Evaldas Valaseviciusl; Pawel Prystawkoz; Irmantas

Kasalynas1

ISauletekio ave. 3., Vilnius; 2U1 Sokolowska 29 37, Warsaw

Coherent thermal emission of surface plasmon phonon polaritons from circular
shaped n-GaN surface relief gratings with different filling factors was
investigated theoretically and experimentally. Emission spectra were obtained
experimentally without collection optics and compared with theoretical
modelling providing insight into the polariton dispersion characteristics.

Absorptive Infrared Metasurface On 100 Nm-Thick Dielectric Membrane
Harumi Asada; Takehito Suzuki

#405 Building 5, 2-24-16 Naka-cho, Koganei-shi, Tokyo

Terahertz flat optics based on metasurfaces that control both the dielectric and
magnetic properties can offer two-dimensional planar optical components
substituted for conventional three-dimensional bulky optical components.
However, it has yet to be shown whether metasurfaces with an ultrathin
dielectric membrane can open the doors to a wide range of optical components
based on terahertz flat optics. Here, we demonstrate an absorptive infrared
metasurface on a 100 nm-thick SiNx membrane with double-sided metal
structures. The metasurface consists of square Au patches with a side length of
1200 nm periodically placed at a spacing of 200 nm on the front and an Au
layer covering the back. Measurements by Fourier transform infrared
spectroscopy (FT-IR) verify a reflectance of 2.2%, transmittance of 0.7%, and
the high absorptance of 97.1% at 50 THz. Metasurfaces with an ultrathin
dielectric membrane based on the unprecedented fabrication method presented
here would lead to attractive applications such as absorbers for laser detection
and ranging (LiDAR), directivity control of thermal radiation, and generation
of vacuum ultraviolet coherent light.

We-PM1-3-6

We-PM1-3-7
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Continuous Carrier-Envelope Phase Control For Terahertz-Driven
Scanning Probe Microscopy Of 2D Semiconductors

Bruno Schulerl; Jonas Allerbeckl; Joel Kuttruffz; Laric Bobzienl; Lysander
2

We-PM1-4-1

Huberichl; Maxim Tsarev
IUeberlandstrasse 129, Duebendorf; 2Universitaetsstrasse 10, Konstanz

Defects in 2D semiconductors present an exciting materials platform to
engineer atomic quantum states in a robust, yet tunable solid-state system. In
this contribution, we will present our efforts to probe the dynamics of point
defects in transition metal dichalcogenides (TMDs) at picosecond time and
atomic spatial resolution by means of an ultrafast THz pulse driven scanning
tunneling microscope (THz-STM). We demonstrate an efficient, continuous
carrier-envelope phase control, which enables state-selective tunneling into
specific defect orbitals in our multi-MHz repetition rate system.

Surface Oxidisation Layer Identification Of Indium Nitride Nanoparticles
Via S-SNOM

Xinyun Liul; Rajiv Prinjaz; Tom Vincent3; Baset Gholizadeh> ; Daniel

We-PM1-4-2

J ohnson3; Nazir Kherani4; Jessica Boland>
12 323 Photon Science Institute, University of Manchester, Manchester;
2Department of Electrical & Computer Engineering.; 3Photon Science Institute,

University of Manchester, Manchester; 4Department of Electrical & Computer
Engineering, U

InN materials have been widely used in optoelectronic devices, namely red
LEDs. However, the surface oxidization introduced during growth and by air
exposure can change their bandgap and mobility drastically, affecting device
performance. In this study, we employed a surface-sensitive technique,
scattering-type scanning near-field optical microscopy (s-SNOM) to investigate
the oxidization level of InN nanoparticles and demonstrate how tapping
amplitude and demodulation order affect the near-field response.

Scattering-type Near-Field Optical Microscopy Characterization Of

Topological Insulator Bi2Te3 Nanowires We-PM1-4-3

Daniel J ohnsonl; Tom Vincentl; Xinyun Liul; Baset Gholizadehl; P.
Schoenherr?; Thorsten Hesjedalz; Olga Kazakova®; Nathaniel Hua’lng3 ; Jessica
Boland'

'Photon Science Institute, Alan Turing Building, Manchester; 2Clarendon
Laboratory, Parks Road, Oxford; 3Hampton Road, Teddington

Topological Insulator (TI) devices have potential applications in spintronic and
low-loss communication devices. However, they are difficult to characterize
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with standard far-field spectroscopy due to contributions from both the surface
and the bulk. Utilizing the surface-sensitive scattering type Scanning Nearfield
Optical Microscopy (s-SNOM) technique coupled with high surface-to-volume
ratio structures such as nanowires, the local dielectric function and electro-
optical properties of the metallic surface states of TI candidate Bi2Te3 are
investigated. We demonstrate spectral resonant features at 1250 cm-1 , which
are imaged with nanoscale resolution.

Nanoscale Charge Motion In GaAs Nanobars Studied By Terahertz We-PM1-4-4
Spectroscopy

Hynek Nemecl; Vova Pushkarevz; Tomas Ostatnicky3; Petr Kuzel?
'Na Slovance 2, Praha; Na Slovance 2; 3Ke Karlovu 3, Praha

Terahertz photoconductivity spectra and dynamics of electrons in GaAs
nanobars were investigated using time-domain terahertz far-field and near-field
spectroscopy. The photoconductivity spectra demonstrate that at low
temperatures, band-bending leads to confinement of electrons to a volume
smaller than the geometrical dimensions of the nanobars. Furthermore,
scanning near-field THz microscopy reveals a that band bending leads to a
rapid escape of photogenerated charges away from the photoexcited surface.

Charge Carrier Profiling With MIR And THz S-SNOM We-PM1-4-5

Cristiane N. Santosl; Edouard Lebouvierl; Benjamin Walterl; Sophie Elietl;

Nicolas Chevalierz; Jean-Michel Hartmannz; Romain Perettil; Marc Faucherl;

Jean-Francois Lampin1

! Avenue Henri Poincaré, Villeneuve d'Ascq; 2F_38000 Grenoble, MINATEC
Campus, F-38054 Grenoble

In the past years, it has been shown that s-SNOM (scattering-type scanning
near-field optical microscopy) is a powerful technique to probe different light-
matter interactions. Among them, charge carriers present different optical
responses in the mid-infrared (MIR) and terahertz (THz) regions. Here we
show that THz s-SNOM is highly sensitive to small changes in charge carrier
concentration in a semiconductor, with spatial resolution at the nanometer
scale.

Investigating WTe2 Atomic-Scale Defects In K-space Using THz Scanning
- . We-PM1-4-6
Tunneling Microscopy
Vedran Jelic; Stefanie Adams; Mohamed Hassan; Trevor Hickle; Tyler L.
Cocker
567 Wilson Rd, East Lansing

Tungsten ditelluride (WTe2) is a candidate type-II Weyl semimetal. Its
electronic states have been investigated with atomic spatial resolution in
conventional STM, with ultrafast temporal resolution in spectroscopy
experiments, and in momentum space using angle-resolved photoemission
spectroscopy. Here, we demonstrate that our experimental setup can combine
all three. We show that terahertz scanning tunneling microscopy (THz-STM)
can capture the electronic structure of the surface down to single atomic defects
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and has the stability and resolution to investigate impurity scattering in Fourier
space.

Multilayer Permittivity And Thickness Extraction In Infrared Scanning

Near-field Optical Microscopy Using Deep Learning We-PM1-4-7

Dario Siebenkotten; Clemens Elster; Bernd Késtner

Abbestralle 2-12, Berlin

Scattering-type scanning near-field optical microscopy combined with Fourier-
transform infrared spectroscopy allows for material identification and
characterization more than two orders of magnitude below the diffraction limit.
This resolution is achieved by positioning an AFM-tip in close proximity to the
sample. However, owing to the complex interaction between incident wave, tip
and sample, extensive modelling is needed for the quantitative extraction of
material parameters defining the optical response, particularly for layered
samples. Due to the strong non-linearity between the optical parameters and the
scattered light, fitting of the model is generally necessary, but it is often
unstable and time-consuming, requiring human expert supervision. Deep
learning algorithms offer a fast alternative but have so far only been applied to
bulk samples. Here, we extend those approaches to samples consisting of one
and two layers of polar crystals, which exhibit a strongly non-linear scattering
response, on top of a Silicon substrate, by training convolutional neural
networks with model data. We present the network architectures and resulting
optical parameter extraction efficiencies and discuss extensions to other sample
systems.

A General Approach To THz Near-Field Waveform Sampling in A

Lightwave-Driven Scanning Tunneling Microscope Junction We-PM1-4-8

Vedran J elicl; Mohamed Hassanl; Stefanie Adamsl; Kaedon Cleland-Hostl;
Spencer E. Ammerman’; Tyler L. Cocker!
1567 Wilson Rd, East Lansing; 2Ueberlandstrasse 129, 8600, Dubendorf

We develop a new technique for capturing the THz near-field waveform within
the atomic-scale tunnel junction of a lightwave-driven scanning tunneling
microscope.

13:30 - 15:30 Novel Imaging Techniques I1 glternatlonal
Chairperson(s): Gintaras Valusis,
13:30 Depth Reconstruction For Reference-Free THz Holography Based On We-PM1-5-1

Physics-Informed Deep Learning

Mingjun Xiang; Hui Yuan; Lingxiao Wang; Kai Zhou; Hartmut Roskos
Ruth-Moufang-Stra3e 1, Frankfurt am Main

Recently, supervised and unsupervised deep learning (DL) methods for
amplitude and phase recovery in reference-free THz holographic imaging have
found increased attention in the terahertz (THz) frequency range. However,
three-dimensional (3D) scene reconstruction at THz bands still faces challenges
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due to the unknown object's depth in this system. This paper demonstrates a
depth reconstruction method for THz holography based on DL algorithm. We
incorporate Fresnel diffraction as the physical prior knowledge to obtain a
sequence of different intensities with the corresponding depths to train the
neural network (NN). The depth reconstruction tasks are achieved based on the
dataset transplanted from MNIST. With this approach, we avoid the
prohibitively time-consuming collection of a large number of THz-frequency
images. Both simulated and experimental results illustrate the accuracy of the
method, representing the first steps towards fast THz 3D imaging with
reference-beam-free low-cost power detection.

Subsurface Defect Detection And Classification In 3D THz Images Of
Glass Fiber Reinforced Thermoplastic Based On 3D Convolutional Neural We-PM1-5-2
Network

Aya Souliman; Yashkumar Darji; Matthias Kahl; Michael Moller; Peter Haring
Bolivar
Holderlinstr. 3, Siegen

This research proposes a 3D convolutional neural network (3D CNN) to
classify subsurface defects in a glass fiber reinforced thermoplastic (GFRT)
composite material inspected by a 3D THz imaging system. The 3D THz
inspection system generates 3D volumetric data based on frequency modulated
continuous wave (FMCW) technique operating in a frequency range of 499
GHz to 733 GHz. A set of 89 non-defective and defective GFRT samples is
measured and data augmentation is performed to create a database for 3D CNN
training. The results demonstrate that the 3D CNN achieves a mean test
accuracy of 98.9%.

gl;:izz-SWMeband Terahertz 3D Imaging With Aspherical Telecentric F-0 We-PM1-5-3

Shiva Mohammadzadeh'; Jens Klier'; Jorg Seewigz; Georg von Freymannl;

Fabian Friedelrich1

'Fraunhofer-Platz 1, Kaiserslautern; 2Gottlieb-Daimler—Stmf:’,e, Gebdude 44,
Kaiserslautern

In this contribution we report on the development of a mobile ultra-wideband
frequency-modulated continuous-wave (FMCW) terahertz imaging device with
an integrated scanning f-0 lens for 3D image acquisition. The objective lens is
designed to operate with the broad bandwidth of 1.65 THz of the mobile 3D
scanning system. For the design of the f-Theta lens, the optical properties of
three different materials for lens fabrication were investigated using the
realized optoelectronic FMCW radar. In addition to the optical system design,
the overall integration of the mobile system is the focus of our work in this

paper.

Digital Holographic Diffraction Tomography Based On Physics-enhanced

Deep Neural Network Using Continuous-wave Terahertz We-PMI1-5-4

Jie Zhao'; Xiaoyu Jin%; Dayong Wangz; Lu Rongz; Yunxin Wangz; Shufeng
. 2
Lin
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1Ping Leyuan No. 100, Chaoyang District, Beijing; 2Ping Leyuan No. 100,
Chaoyang District

In this paper, a terahertz (THz) in-line digital holographic diffraction
tomography (THz-IDHDT) is proposed and implemented. However, the
inherent twin-image problem of the in-line digital holography seriously
degrade the quality of the reconstruction results. Here, a learning-based phase
retrieval algorithm by combining the physical model and the convolution
neural networks is applied and named as physics-enhanced deep neural
network (PhysenNet). It allows us to recovery the complex amplitude
distribution of the sample with high fidelity from a single in-line digital
hologram, without any constraints or labeled data for pre-training. In the
experiments, the feasibility of the PhysenNet and its superiority in terms of
imaging quality are demonstrated using a single foam sphere. Then the 3D
refractive index distributions of the foam sphere sample are successfully
reconstructed by the THz-IDHDT. Compared to the ground-truth value, the
relative error of the average refractive index value reconstructed by the
proposed method is only 0.17%.

Automatic Analysis Of Images From The THz TDS Reflection Scanner We-PM1-5-5

Norbert Paikal; Kamil Kaminskil; Marcin Maciejewskil; Piotr Synaszkoz;
Krzysztof Dragan3

12 Kaliski Str., Warsaw; 26 Ksigze Bolestaw Str., Warsaw; 36 Ksigze Bolestaw
Str.

We present a method for automatic detection of defects in glass fibre reinforced
polymer (GFRP) based on a terahertz time-domain spectroscopy (TDS) system.
A GFRP sample with round inclusions of different sizes were measured by
means of a TDS reflective scanner. The algorithm acquired a series of C-scans,
which were then pre-selected to identify only those images with features
potentially associated with defects. A thresholding method based on Gaussian
fit to histogram was developed. The results showed that 87% of defects were
detected.

Two- And Four-step Phase Shifting Methods For Terahertz Holography = We-PM1-5-6

Rusné Ivaskeviéiﬁté-Povilauskiené1; Linas Minkeviéiusl; Domas

J okubauskisl; Agnieszka Semionz; Gintaras Valusis®

ISauletekio Ave. 3, Vilnius; 275 Koszykowa, Warsaw; 3Sauletekio Ave. 3,
Vilnius

It has been shown that implementation of the two-step and four-step phase-
shifting techniques in Fresnel holography can improve background subtraction
by up to five times. Utilization of this technique enables the enhancement in
quality of the captured holographic images, especially in cases where objects
introduce phase alterations. It has been demonstrated that by recording
holograms of an object with two distinct planes, it is possible to achieve high-
quality 3D image reconstruction.

SiGe MIMO In-line Imager With 12x64 Elements For Real-time 3D Image

Acquisition We-PM1-5-7



Matthias Kahll; Raphael Hussung2; Andreas Keilz; Esref Turkmen3; Diego

Moro—Melgar4; Oleg Cojocari4; Wojciech Debski®; Fabian Friederich?; Peter

Haring Bolivar'

"Hoelderlinstrasse 3, Siegen; Fraunhofer-Platz 1, Kaiserslautern; 3Im
Technologiepark 1, Frankfurt (Oder); 4Josef-Bautz-StraBe 15, Hanau

We demonstrate a 3D imaging system operating at 235-270 GHz based on a
multiple-input multiple-output (MIMO) sparse array with 64 receivers realized
in low-cost silicon germanium hetero-bipolar semiconductor technology. The
parallel acquisition with a high number of receivers, combined with 12 time-
multiplexed high-power transmitters, high-frequency switching and fast data
acquisition electronics, enables high image acquisition rates compatible with
in-line imaging in an industrial production environment. The system is
designed for defect detection in composite thermoplastic parts after their
forming process. Such parts are interesting for lightweight automotives given
their excellent mechanical properties in combination with a mass
manufacturing compatible processing technology. In this contribution we
concentrate on the system realization aspects, and present exemplary 3D
reconstruction images.
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500 GHz Field-Resolved Detection In Thin-film Lithium Niobate Devices We-PM2-1-1

Alessandro Tomasinol; Amirhassan Shams—Ansariz; Marko Loncarz; Ileana-

Cristina Benea-Chelmus1

ISTI IEM HYLAB, Lausanne; 2Harvard University, Cambridge

In this work, we show the coherent reconstruction of terahertz (THz) transients
in thin-film lithium niobate integrated photonics circuits. Our devices modulate
the intensity of a probe beam guided through a Mach-Zehnder interferometer
(MZI) structure, under the illumination of an impinging THz wave. Golden
bow-tie antennas fabricated along the waveguides, collect and tightly squeeze
the THz radiation across their gap, greatly enhancing the THz-probe nonlinear
interaction. We show that the probe intensity modulation reproduces the
oscillations of the THz electric field established across the gaps of the metallic
antennas

Spatiotemporal Imaging Of Near-Fields From A Tilted Pulse Front THz
Source

Annika Gabriel; Mohamed Othman; Matthias Hoffmann; Emilio Nanni

2575 Sand Hill Rd., Menlo Park

A better understanding of the THz near-field properties is necessary for the
optimization of THz generation efficiency, transport, and coupling. We
demonstrate a fast and efficient technique for spatial and temporal
characterization of single cycle strong field THz pulses in the near-field of a
lithium niobate source using electro-optic sampling. In this technique an

We-PM2-1-2



enlarged probe beam and CCD camera are used to image the entire THz field in
one shot. Using this technique, we have reconstructed the full temporal 3D THz
near-field close to the lithium niobate emission face.

High-intensity THz Pulses Generation In Lithium Niobate Using A

16:45 Reflective Echelon Scheme

We-PM2-1-3

Ammar Hideurl; Anna Martinezz; Rezki Bechekerl; Léo Guiramand3; Francois
Blanchard®; Xavier Ropagnol3 . Said Idlahcen'; Thomas Godin'; Jonathan
Houard4; Domenico Paparo5 ; Angela Vella®*

1675, Avenue de I'Université, Saint Etienne du Rouvray; Monte S. Angelo, via
Cintia; 3Québec H3C 1K3, Montréal, “Avenue de I'Université, Saint Etienne du
Rouvray; >Monte S. Angelo, via Cintia, Napoli

This work analyzes how the beam size and the repetition rate affect the THz
generation efficiency in lithium niobate (LiNbO3) using the RES (Refractive
Echelon Mirror) configuration. Our THz source is driven by an ytterbium-fibre-
based chirped-pulse amplifier system. The system delivers ultrashort pulses of
300 fs duration with a maximum energy of 240 uJ at 330 kHz. It is found that
by optimizing the pump beam size on the LiNbO3 crystal, we measure a THz
power of 114 mW for 44.5 W pump power at 205 MHz repetition rate,
corresponding to a total optical-to-THz efficiency of 0.25%.

Scaling Tilted-pulse-front Based THz Setups By Control Of The Spatio-

temporally Coupled Pump Pulse Parameters We-PM2-1-4

17:00

Tobias Kroh; Nicholas Matlis; Franz Kaertner
Notkestr. 85, Hamburg

We investigate both by experiments and simulations on how spatio-temporal
coupling of pump pulse parameters in tilted-pulse-front based terahertz (THz)
setups can be used to control the position of the "temporal focus", which is
where minimum pump pulse duration is reached. This concept opens a pathway
to pump tilted-pulse-front setups with arbitrarily stretched pump pulses which
significantly simplifies pump pulse transport at high pulse energies. This
concept is experimentally demonstrated by efficient operation of a tilted-pulse-
front THz source with pump pulses stretched by a factor of x25 to 10 ps and
extraction of a THz energy of 0.4 mJ while operating well-below damage
threshold. Our findings are not only relevant for THz based particle
acceleration and strong-field physics but any application that requires control
over the temporal focus of beams with a tilted-pulse-front such as direct laser-
based particle acceleration.

17:15 Generation Of 208 KV/cm Peak Field At 2.6 THz In GaP We-PM2-1-5
Wei Cuil; Eeswar Yalavarthil; Aswin Vishnu Radhanl; Mohammad
Bashirpourl; Angela Gamourasz; Jean-Michel Ménard!

las Templeton Street, Ottawa; 21200 Montreal Road, Ottawa

We present a high-field THz source with a spectral peak centered at 2.6 THz.
The setup relies on optical rectification of 0.57 mJ near-infrared pulses to
generate THz peak fields up to 208 kV/cm. A phase grating directly etched at
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the surface of the crystal enables a tilted-pulse-front configuration that
optimizes phase-matching conditions. Even when saturation effects are
considered, a 5 mJ generation pulse is expected to yield a THz peak field
approaching 600 kV/cm. This high-field THz source allows new research
opportunities relying on the ability to drive coherent phenomena and nonlinear
effects in the region between 2 and 4 THz.

Lithium Niobate Based Single-Cycle THz Source With 643mW Of Average
Power

Tim Vogel; Clara J. Saraceno

Universitaetsstr. 150, Postbox 17, ID 2, Bochum

We-PM2-1-6

We demonstrate power scaling of a THz source based on the tilted-pulse front
method in cryogenically cooled lithium niobate to a record-high average power
of 643 mW, obtained at 40 kHz repetition rate.

16:00 - 18:00

Spintronics Cartier I

Chairperson(s): Melanie Miiller,
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Spin-momentum Locking And Ultrafast Spin-charge Conversion In
Ultrathin Epitaxial Bil-xSbx Topological Insulator

Jean-Marie GEORGE!; Enzo RONGIONE!; Laetitia BARINGTHON'; Diana
SHE!; Gilles PATRIARCHE?; Romain LEBRUN?; Aristide LEMAITRE?;
Martina MORASSIz; Nicolas REYREN 1; Francois BERTRAN4; Sukhdeep
DHILLON?; Patrick LE FEVRE?; Henri JAFFRES!

1 Av Augustin Fresnel, Unite mixte de Physique CNRS Thales, Palaiseau;
2Université Paris-Saclay, CNRS, C2N, Centre de Nanosciences et de
Nanotechnologies, Palaiseau; 31 Ay Augustin Fresnel; 4Synchrotron SOLEIL,

L'Orme des Merisiers, Départementale 128, St Aubin; 3 ENS, Université PSL,
CNRS, Sorbonne Université, Un, 2Laboratoire de Physique de I'Ecole Normale
Supérieure, Paris

We-PM2-2-1

We combine spin- and angle-resolved photo-emission spectroscopy, and time-
resolved THz emission spectroscopy to evidence that spin-charge conversion
arises mainly from the surface state in Bil-xSbx ultrathin films, down to few
nanometers where confinement effects emerge. We correlate this large
conversion efficiency, typically at the level of the bulk spin Hall effect from
heavy metals, to the complex Fermi surface obtained from theoretical
calculations of the inverse Rashba-Edelstein response. Both surface state
robustness and sizeable conversion efficiency in epitaxial Bil-xSbx thin films
bring new perspectives for ultra-low power magnetic random-access memories
and broadband THz generation

Enhancement Effect Of A Neodymium Magnet Mount On Terahertz

Electromagnetic Waves From The Ultrafast Photocurrent And From We-PM2-2-2
Coherent LO Phonon In A GaAs-based Epilayer

Hideo Takeuchi; Yusuke Sengi; Shungo Matsuoka; Kai Matsunaga
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3-3-138 Sugimoto, Sumiyoshi, Osaka

We succeeded in enhancing terahertz electromagnetic wave emitted from
GaAs-based epitaxial layers by simply mounting a wafer chip on a neodymium
permanent magnetic. The terahertz waves, which originate from the ultrafast
photocurrent and the coherent longitudinal optical phonon, were
simultaneously enhanced. The present finding provides a simple method for
enhancing terahertz wave emitted from the compound semiconductor surface
illuminated by the femtosecond laser pulse.

Coated Spintronic Emitters For Improved THz Time-domain

We-PM2-2-3
Spectroscopy

Ford Wagnerl; Simas Melnikasz; Joel Cramer3; Djamshid Damryl; Chelsea
Xial; Kun Pengl; Gerhard J ak0b3; Mathias Klaeui3; Simonas Kicasz; Michael
Johnston!

IClarendon Laboratory, Parks Road, Oxford; 2Savanoriu ave 231 , Vilnius;
3Institute of Physics, Mainz

Spintronic metal thin films excited by femtosecond laser pulses have proven to
be excellent sources of broadband THz radiation, making these emitters
increasingly popular for THz spectroscopy. Unfortunately, a significant
proportion of the incident excitation laser is transmitted through the spintronic
emitters, which can inadvertently photoexcite samples or cause damage to
elements of the spectrometer. Here, we demonstrate a high-reflectivity coating
made from alternating layers of Si02 and Ta205 that effectively blocks the
incident excitation pulse and enhances the peak THz electric field by roughly
35%. We further improve the emitter performance with an anti-reflective
coating. We find spintronic emitters with both coatings exhibit over 40%
improvement in peak THz electric field compared to an uncoated emitter and
transmit less than 0.1% of the excitation laser pulse.

Spintronic Terahertz Emitter On A Fiber Tip We-PM2-2-4

Felix Pariesl; Nicolas Tiercelinz; Geoffrey Lezierz; Matthias Vanwolleghemz;
Maria-Andromachi Systaki3; Gerhard J akob3; Martin J ourdan3; Mathias
Kl:'aiui3; Zdenek Kaspar4; Tom Seifert4; Tobias Kampfrath4; Georg von
Freymann5 : Daniel Molter!

'Eraunhofer-Platz 1, Kaiserslautern; 2Av. Henri Poincaré, Lille;
3Staudingerweg 7, Mainz; 4Physikinstitut der FU, Arnimallee 14, Berlin;

> Erwin-Schroedinger-Str. 46, Kaiserslautern

Spintronic terahertz emitters have attracted considerable interest within the last
decade. They promise terahertz sources with unmatched broad frequency
bandwidth which are easy to manufacture and operate, and therefore easy to
scale at low cost. However, the experiments and proofs-of-concept rely on free-
space ultrashort-pulsed pump lasers and rather complex benchtop setups. This
contrasts with the requirements of widespread industrial applications, where
robust, compact, and safe footprints are needed. To meet these requirements,



we present a novel fiber-tip spintronic terahertz emitter solution that allows
spintronic terahertz systems to become fully fiber-coupled. The pump fiber can
be connected seamlessly via a standard FC/PC connection and emitters can be
exchanged easily within a couple of minutes. Our recorded terahertz signals
prove the full functionality of the newly developed concept. To demonstrate a
possible application, we used our new fiber-tip spintronic emitters to build a
simple terahertz near-field imaging setup that does not require the complexity
of modern terahertz scanning near-field optical microscopy (THz-SNOM)
technologies.
17:15 Spintronic Coding Surface For THz Generation And Manipulation We-PM2-2-5

Sai Chen'; Hanchen Wangz; Jingyu Liu®; Peng Chen®; Mingxuan Zhangz;
Xiufeng Han4; Caihua Wan4; Haiming Yul; Yan Zhang3 ; Xiaojun Wu?
1Beijing, Beijing; ’No.38 Xueyuan Road, Beijing; 3105 West Third Ring North

Road, Haidian District, Beijing; “No. 8, South Third Street, Zhongguancun,
Haidian District, Beijing

The utilization of spintronic terahertz (THz) emitters has a significant influence
on broadband coherent spectroscopy and imaging at THz frequencies. By using
femtosecond light to irradiate the spintronic heterostructures, spin currents
from the ultrafast demagnetization effect can be transformed into charge
currents through the inverse spin Hall effect, leading to the emission of THz
waves. In this work, through the incorporation of sequential and inverse
deposition of W-Co20Fe60B20-Pt heterostructure nanofilms, we have gained
control over the spin current and THz waveform, enabling us to achieve a
180A° phase difference across a broad frequency spectrum while efficiently
radiating THz waves. This, in turn, allows us to control the spatial phase of
THz wave radiation. To test the device's capabilities, we manufactured
lithography-based instruments capable of focusing, producing vortexes, and
dividing beams. Our investigation aims to advance the development of THz
pulse sources while providing essential support for cutting-edge technologies
such as THz spectroscopy, high-resolution imaging, and high-speed
communications.

17:30 Spintronic Inverse Spin Hall Photomixing Beyond 1THz We-PM2-2-6
Pierre Kolejakl; Geoffrey Lezier'; Guillaume Ducournau'; J ean-Francgois
Lampinl; Tiercelin Nicolasl; Mathias Vamwolleghem2
IFaculté des Sciences et Technologies - Université de LILLE, Avenue

Poincaré, Villeneuve d'Ascq; 2Faculté des Sciences et Technologies -
Université de LILLE, Avenue Poincaré, Villeneuve d'Ascq

We have demonstrated experimentally how ultrabroadband inverse spin Hall
emitters present an unprecedented new scheme for room temperature THz CW
and frequency comb generation. Building on previous proof-of-principle
demonstrations, we demonstrate here by improved experimental developments
how this photomixing effectively does not present any frequency rolloff at least
up to 1,05THz, contrary to standard photoswitches. A theoretical and numerical
model implementing spin Hall dynamics in nanometric FM/HM stacks predict
photomixing bandwidths up to 10THz.
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THz Emission From Exchange-Coupled Fe/Ru/Ni Spintronic Emitters We-PM2-2-7
Roman Adaml; Christian Greb2; Daniel Bl‘jrgler3; Derang Ca04; Sarah

Heidtfeld?; Fangzhou Wangz; Jing Cheng5 ; Debamitra Chakraborty5 ; Ivan

Komissarov® ; Hilde Hardtdegen2; Martin Mikulicsz; Markus Buscherz; Claus

Michael Schneiderz; Roman Sobolewski>

'Wilhelm-J ohnen-Stral3e, Juelich; 2Wilhelm-J ohnen-Stralle; 3Wilhelm-Johnen-

Strafle, Julich; 4Qingdao; Rochester

We explored THz emission from Si/SiO2//Ta/Fe/Ru/ Ni/Al1203 spintronic
emitters. We tuned magnetization alignment of Fe and Ni layers by varying the
interlayer exchange coupling (IEC) strength using a range of Ru layer thickness
t. Depending on IEC strength, magnetization hysteresis shows either ferro-
magnetic (t = 1.1 nm, 1.5 nm), antiferromagnetic (t = 1.3 nm) or canted (t = 1.7
nm, 1.9 nm) relative alignment. Competition between IEC and an external
magnetic field results in a dramatic difference in THz emission from the
ferromagnetically (FM) and anti-ferromagnetically (AFM) coupled structures.
The resulting THz emission from IEC structures is a result of an interference of
THz transiens generated by the individual Fe/Ru and Ru/Ni emitters.

16:00 - 18:00

Metasurfaces & Plasmonics II Cartier 11
Chairperson(s): Jacob Pettine,
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Light-matter Coupling Between Organic Molecules And A THz
Metasurface

Ahmed J aberl; Michael Reitzz; Avinash Singh3 ; Ali Malekil; Yongbao Xin4;
Brian Sullivan4; Ksenia Dolgaleval; Robert Boydl; Claudiu Genes? ; Jean-
Michel Ménard!

175 Laurier Ave E, Ottawa; 2StaudtstraBe 2,91058, Erlangen; 375 Laurier Ave
E; 42700 Swansea Crescent, Ottawa

We-PM2-3-1

Strong light-matter interactions between confined vacuum fields and matter can
lead to the formation of hybridized states called polaritons. In the terahertz
region, these interactions can involve the coupling of vibrational molecular
bonds with the resonant mode of a planar optical cavity. We demonstrate an
alternative architecture to explore the strong light-matter regime by coupling
the plasmonic mode of a metasurface with the sharp vibrational resonance of
glucose. More specifically, we gradually increase the number of glucose
molecules covering the metasurface and observe a red shift of the plasmonic
resonance with a Rabi splitting of 90 GHz at zero detuning. This work is a first
step towards the investigation of more complex hybrid cavity architectures
combining planar mirrors and metasurfaces to explore multiple polaritonic
interactions.

Simultaneous Terahertz Generation-manipulation By Nonlinear

Metasurfaces We-PM2-3-2

Yongchang Lu'; Qingwei Wangl; Xi Fengl; Li Niu'; Xueqian Zhangl; Quan
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Xul; Yanfeng Li';J ianqgiang Gu!; Chunmei Ouyangl; Zhen Tian'; Weili
Zhangz; Jiaguang Han®
'Weijin Road 92#; 2Stillwater 74078; *Weijin Road 92#, Tianjin

Terahertz linear metasurfaces offer unique methods for terahertz manipulations
in a linear interaction way. The emergence of nonlinear metasurfaces, however,
provides a promising approach for simultaneous terahertz generation and
manipulation in a single compact device. Here we report on our recent
advances in this topic.

Generating Terahertz Perfect Vortex Beam Via All-dielectric Metasurface We-PM2-3-3
Fan Huangl; Wanying Liu';J ianqgiang Gu'; Quan Xul; Quanlong Yang2

No0.92 Weijin Road, Nankai District, Tianjin, China, Tianjin; 2South Lushan
Road, Changsha, Hunan, Changsha

Perfect vortex beam (PVB), characterized as the ring radius-independence to
topological charge (TC), enables applications in particle manipulation,
quantum optics and optical communication. Generating PVBs with novel
structure in terahertz regime is conductive to develop OAM related terahertz
research such as terahertz communication. Here, two sorts of all-dielectric
metasurface are proposed to generate two special PVBs, multichannel and
divergence controllable terahertz PVBs and spin-distinguished superposed
terahertz PVBs, respectively. By arranging the subwavelength meta-atoms and
meta-molecules, the metasurface can endow the anticipated wavefront to the
incident polarization states. These two novel PVBs generation devices are
compact and easy to integration, providing promising opportunities in tailoring
complex structured light and terahertz communication.

Broadband THz Bandpass Filters Based On Multi-layered Metasurfaces We-PM2-3-4
Ali Malekil; Avinash Singhz; Ahmed J aberz; Wei Cuiz; Yongbao Xinz; Brian

Sullivanz; Robert W. Boydz; Jean-Michel Menard'

125 Templeton St, Ottawa; 25 Templeton St

We present a terahertz (THz) bandpass filter design based on four
superimposed metasurfaces. The devices feature a spectral transmission with a
flat passband region at T = 0.65 and a stopband rejection larger than 40 dB. The
two regions are separated by steep roll-offs with a slope of 85 dB/octave.
Because of their unique filtering properties, these devices enable new
applications for weak signal detection in THz research and industry.

Polarization Selective Dual Frequency Metasurface-based Resonant

Thermal Terahertz Emitters On N-GaAs/GaAs We-PM2-3-5

Ignas Grigelionis; Vladislovas Cizas; Kestutis Ikamas; Vytautas Jakstas;
Barbora Skelaite; Domas Jokubauskis; Andrius Biciunas; Andrzej Urbanowicz;
Marius Treideris; Renata Butkute; Linas Minkevicius

Sauletekio ave. 3, Vilnius

Thermal metamaterial-based emitter on GaAs with rectangular metacell shape
emitting dual frequencies in THz range is demonstrated. Structure was
epitaxially grown and top metallic metasurface was formed by ultraviolet laser
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lithography. The dual frequency resonant emission was experimentally revealed
with the possibility to resolve different frequencies at different polarization in
THz range. Such emitter could be used in THz imaging applications where
polarization resolve is needed.

]E:l)lee;ttlll'lcally Tunable THz Metasurfaces Enabling Near-Unity Modulation We-PM2-3-6

Hou-Tong Chenl; Chun-Chieh Changl; Hichem Guerboukhaz; Daniel
Mittlemanz; John Reno’ ; Michael Li11y3; Sadhvikas Addamane’

'PO Box 1663, MS K771, Los Alamos; 2School of Engineering, Providence;
3Center for Integrated Nanotechnologies, Albuquerque

We report active THz metasurfaces with reflection approaching zero when
incident from the substrate side and applied with an appropriate voltage bias.
This finding provides a new route to accomplish near-unity modulation depth
of THz waves, which is promising particularly for THz wireless
communications.

Manipulation Of Terahertz Waves With A Right- Or Left-handed
Metasurface For Directivity Enhancement

Keita Mochizuki; Harumi Asada; Takehito Suzuki

#405 Building 5, 2-24-16, Naka-cho, Koganei-shi, Tokyo

The manipulation of terahertz waves based on flat optics with metasurfaces is
being employed in terahertz continuous-wave (CW) sources, such as resonant
tunneling diodes (RTD) and quantum cascade lasers (QCL) for 6G wireless
communications and terahertz imaging. However, two-dimensional optical
components in terahertz flat optics are strongly subject to the distance from CW
sources because meta-atoms with different dimensions optimize the gradient
distribution of the refractive indices, such as in gradient-refractive-index
(GRIN) metalenses. Here we demonstrate that an original terahertz metasurface
with identical double-sided meta-atoms on a dielectric substrate enhances the
directivity of terahertz waves. Terahertz time-domain spectroscopy (THz-TDS)
measures that the metasurface has right- or left-handed dispersion
characteristics, resulting in transmittance enhancement with 177% at 0.47 THz.
The metasurface could be mounted on terahertz CW sources without
considering the design of the distance between the metasurafce and sources to
enhance the directivity. Our findings suggest that the manipulation of terahertz
waves has the potential to significantly accelerate the growth of terahertz
industrial applications.

We-PM2-3-7

16:00 - 18:00 Integrated Technologies 1 internatlonal
Chairperson(s): Hongxin Zeng,
16:00 Single-Mode Rib Waveguide For The Terahertz Range Using 3D Printed We-PM2-4-1

Alumina
Harrison Leesl; Masoud Sakakiz; Daniel HeadlandB; Niels Benson4; Jan
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Balzer*; Withawat Withayachumnankul1
The University of Adelaide, Adelaide; 2University of Duisburg-Essen,

Duisburg; 3Universidad Carlos I1I de Madrid; 4University of Duisburg-Essen
In recent years, all-dielectric waveguides have emerged as a promising
candidate platform for future integrated terahertz technologies. Inspired by
optical photonics, many of these technologies are limited to planar waveguides
and are reliant upon advanced mask-based etching techniques for fabrication,
which incur significant costs. Instead, we propose a non-planar platform based
upon an all-dielectric single mode rib waveguide constituted from 3D printed
alumina. With an experimentally verified fractional bandwidth exceeding 40%
and acceptable loss, we believe this is a practical alternative waveguide
platform for sensing and communications applications.

Characterization Of Flexible Micro Coaxial Cables In The WR03 Band We-PM2-4-2
Benedikt Sievert; Daniel Erni; Andreas Rennings
Bismarckstrale 81, Duisburg

Abstract--This paper evaluates the applicability of commercial transition from
a WRO03 waveguide band towards a mono-mode operating coaxial cable is
designed, fabricated, and evaluated. The losses within the coaxial cable are
estimated by full-wave FEM simulations and agree well with the measurements
of the fabricated prototypes. Although the significant losses of approximateely
0.6 dB/mm inherently limit the applicability of these cables compared to
moderate-lossy rectangular or dielectric waveguides, the cables offer
outstanding flexibility, enabling eased assembly (compared to mechanically
fixed waveguides) or vibration decoupling.

?H?S—P}l(l);l;ii zVitz;;fi(:)gnuide-Integrated Amplitude Modulator Based On We-PM2-4-3
Julien Guise'; Hajasoa Ratovo; Monique T