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Terahertz semiconductor quantum devices and their applications

Junchsng s
Shonghan Institate of Micragystem and Information Technolopy, CAS

Teraherte (THe) wave referd o the electromuagnetic spectrum region between millimeter wave and mfrared light
with Freguency from 3000 GHE wo 10 THE, cornssponding wavelength from | mim o 30 microns. THE technologies
have significunt application prospects in physics, matenal sciéiee, Biology, sstronomy, infonuation science and
national security. THe radigtron sources and deteciors are the keyv devices for THe wave applications, In thes re-
oty we Fosus on the researeh progresses of the infersction physics between TH2 rdiationn and Tew dimesional
semiiconductors, the material growth and device fabrcason of THe quantum caseade lasers and THe quontum well
et fors, aswill a5 the ultmfast wineless commumcation, high resolution omageag and other applisations based on
these THe guantum devices.

Broadband continuous frequency tuning of terahertz quantum cascade lasers

Crangyi Xu
Shanghal Instituie of Technical Physics, CAS

Terahert: quontum cascade lasers (TH-CHLsj hold great promise as solid-state sources: of coberent THz radia-
teon Tor their compaciness, el relobiln, beh power, and high - spectral punty. Broadbamd contmuses frequency
tuning of single mosde emission THe-CH Ls a5 highly demanded for many applications, bui 5 =6l a big challenge
nowadays becnise the conventlonal lser tunimg methods are diicult i be implemented at terahenz frequencies.
Up to now, broadband contimuous toning (= 100 CG6Hz) s only available i the system containing moving compo-
nenis. Movimg-piri-free, elecirncally controllable, rehiable ind predictable THe-C Ls thit feptere broadbamd con-
biruaais tuning of the single mode ermizzion are hughly desired but meed 0 be realizad,

Here, we demionstrate g novel tuning mechavism thiet gualitatively differs from all other methods, Cure device con-
sists of 10 non-uniform microlpsers array, where the charactensie dimensions of ench microloser and the distunce
hetween the adjacent micralisers ore all subwavelength steed, and cach mieroliser con be independently hrsel.
By judiciously manipulating the efgen frequency anil the lossizam of each microlaser, as well as the coupling
strengih between the microlusers, continucus frequeney uning wp o B0 GHe has been realized. Ohr resulis pave

the way 10 the realization of high-power coherent THe source with broadband and fust frequency tuming.

Development of 1-THz High-Harmonic Gyrotron Oscillator at Peking University

Chaohs Bu
Peking University

Teraherz wave plays a wen-on-key role in the nexs geperniion wireless communication, Righ temperaiure plasma
heating and dingnosis; biomedical diagnoesis, spectroscopy. and 5o on. The design end development of o mult-
mede high-harmonte gyrodron oseillotor in Peking University will be reported bere, This work 15 puned at pro-
duging o high-power termberte (THz) spurce with high peak power and olig-wideband tuning copability ranging
from the sub-millimeter 1 THe bands. The gyrotron ean operate from first harmaenic 1o forth harmonic in muliple
discrete bands by varving the confining magnetic field strength, which includes Lsi-harmonic TEL2 about 17-E'W
power around 185 GHz, Znd-harmonde TE23 about | 1-kW around 345 Glle, 3rd-haormonic TEY 6 aboui 5-kW
power arwend 720 GH: and dil-harmome TE4S about [-kW power around F000 Gz

The interaction cavity is a classical three-segment siruciure following by a relatively long owipul weraberee lapering
wnveguide, The six medes will be driven by a magnefic-cusp axis-encirching eleciron gun. The gun can gencraie
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axig-eneirelmg ebectron beam with a nearly constant pitch factor ina wide mnge of magnenic field sirength, which
fully sutisfies our demand in exeiting the six modes. A regular water-cooled collector s adapted to support the
short-pulse operntion i the hot test. The sutput window 1= optimuzed to achieve & low reflecton for the mam eper-
ateng mmode. [0 the design and development of the THe gyrotron, a number of challenges, meludmg the high ohmg
loss i sueh o high frequency, the errors mduced in fabocation, the misalignment correetion during the hot test,
and the messurement of power and frequency, will be systematically addressed. This gyrotron oscillator aims to
pchieve the widest broadband copubility i the feraherte band currently reported.

THz 5-SNOM technique and its study on the detection of polaritons

Shu Chen, YVinvng Sho
L'mversity of Shonehan for Science and Technology

Terahert: { THz) spectroscopy owns greut advaniages in the studies of clectron, phonon and chemical information
ol makecules omd msterals, Because of the lmitation of diffraction, however, the comventional THe techniues
dom't albow: the spectral and imaging studies at the nanescale, significantly limiting the wide applications of THz
specirgscopy and magmyg, The emergence of THe scattening type scanming near-Oeld optcal microscopy (THz2
5-SMOM ) provides the solution o this ssue, benefiting from the capabilies of breaking threush the diffraction
lmtation and achieving o nanoimeter spatial resolution, the latter of which 1z mawnly determined by the up rads.
In recent years, our wam seitle down w the development of the domestie THz s-5N0OM systems, including THz
sources, THe detectors, up engineerg and THz background-free technigues { for example, THz pseudoheieradyne
interference techmique that wllows simultaneously omplitude and phose signals), Finally, we achieved the THe
fi=5 WO swstoms wath the performance of spatiol resolubion < 20 nm, signsl o mse = 300dB, tunable fregquencies
in range of 1= 3 THz and compatibility of a vanety of THz soures, armiving ot the international advaneed level,

THz 5-5NOM has shown promising applications and advantages in o variety of felds, such as, polaritons photon-
ics, miterials science, bochemical nanoimaging, semicenductor technology. Very recenthy, by wsing THe s-5M0M,
wie detected the THe polaritons in one of the typicil topological insulistors, that is, BiSey, which hes attracied great
wibentions owingt 1o s iopolugical surface sates, Besides, the umivoidable bulk doping durig the growih and
the existence of optical phonons make the onigins of the THz poluritons in Bi,Se; complicated and controversial.
SMoreover, the reported works were bosed on the chorseterizatons of far-field spectroscopy, which does nol allow
to real-spoce imaze the polimtons, We thus anticipate o real-spoce detect the polimtons and explore the omgins of
the polaritpns in Big3ey by infroducing the THe s-SKOM echmgue, By wtilizmg the THe s-3MN0OM, we achigved
the lirst THe polaritons image in BiSe,. We exiructed the polanton momenis, which is 12 imes a5 compared with
that of free space, from a poloriton wave with o propagation length less than one wavelength throush our newly
propossed comples dnnlysis, By further imagzing the Bi,Ee flms with different thicknesses, we concluded that the
polaritons in BiBe; s onginatéd from the hvbodieation of optical phonons, bulk free corriers and surface free
carriers, Cur work (1) demonstrated the feasibility of imaging TH: polaritons in thin favered mapterials by THz
§-SMONM; {2} established the methodology for the imaging of TH polaritons; (3} provided new insights lor the

understinding the niture oF pelaritonic origens i wopdozical msalaors
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Effect of THz speetra of L-Arginine molecules by the combination of water mole-
cules

Wei Shi
Xi'an University of Technobogy

Maost biomolecules are Mologically sctive only in water; hence, it 15 worth investigating whether THz spectra of
hiomolecules. are aflfecied by ihe combimstion of water molécules and biomolesules. In this report, by combining
the saimple cell with the THz-TDS system, the TH2 spectre of L-Arginine crysial as well ax it hydrane and ague-
s solution are measured, The experimental resultz show thay L-Arginine crvstal and ity hvdrate share the same
thres ahsorption penks at 099, 146, and 1.7 THe, vespectively. But the rend of charactenstic absorplion spectrinm
ol L-arginineg sobution s abmost identical o that of free water, Becouse the contents of free seater amd hydrated
winter are different in many diseased and normal tssues, the diseased tssues can be detected acconding to the dif
ference in THx spectyal mformotion, The proposed approach provides o reliable means for the detection of pathi-

logical changes of getive molecoles and bssues.

Millimeter Wave and Terahertz Trav nling Wave Tubes Tor Wireless Communica-
tion

hmgun Feng
Begpmpe Vigumm Dlegtronies Ressareh instatube

Folded waveguide (FWG slow wave structures {SWE] heve been widely studied fior its propertics of all-metal,
compatibie fabrication with MEMS technologies and casily coupling to rectungular wovegpmide ot in the rescarch
and deselopment of gh frequency TWTS, In thas poper, the design snd expenments of TWES with hundreds seatts
power fevel st W band, tens watts power level of G band and watis-Jevel power ot frequencies over 3000GHz will
e mmirodoced, which have potential spplications i high data-race wireless communication. The latest progress of

the thienztical ond expeniment sesearch of these high frequency TWTs wiall be given.

Performance Enhanced Terahertz Electromagnetic Shieding and Absorbing Ma-
terial based on Mxene

[Hyve Wen
Univeraty of Electronic Science uad Technology of Ul

Ternhertz {THz) wave with frequency between 0.1 THz to 10 THz i5 becoming o powerful tool, for a wide range
of applications-from secunty imagmg, son-destructive detection, material identificatton”, brormedical sensing, to
the emerging sixth generation (6G) communications, in which THz absorbers with high absorption intensity in a
large qualified bandwidth are urgently demanded, either for THz emitting/'detecting untennas to reduce the sidelo-
be radiation or for the whole THz systems to suppress the electromagnetic mterference (EMI). Another potential
ugg i for rador cross secton (RCS) reducton, which can reduce radar echo to achieve a grester element of stealth,
Chverall, there is being o buge demand of igh-intensity absorption, broadband, and low-cost THz abaotber in both
military and civilian aspects. In this falk, we show how to achieve broadband THz nbsorption or shielding mate-
rials with new kind of two-dimentional nanomatenals, the 20 transition metal carbide/nitride (bypically Mxene).
We first report om o flexible wmd thin TyC,T, sponge composate working as broosdbund THz absorber, Ti,CaT,, 08
i of the most studied MXenes, has been attrocting great attentions due to a5 unigue physical and chemical prop-
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ertics, such as metallic comductivity (up to 10000 S em''), and good dispersity in vanous solvents, ToC,T, MXene
sponge foom {MSF ) was fabncated by filling Ti,0p T, finkes into commenly used polyurethane (PU) sponge fozm
via a dip-conting approach. The PU sponge 15 deliberately selected to have pore size over hundreds of mrcrometers
(e gz, 630 o), Without further post=trestment, MSF can be directly used o8 THz absorber, reslizing an efficaent and
cost-¢ficetive fabncanon process, With the large-pose sponge based open architeenre, the surface of M5F can vas-
ity meet the impedance manching to the free space and greatly reduce the THz reflection so that almost all of THz
wirves could enter info the MSF, Then, the co-existence of three sttes of TyC.T, Hakes m the composiie realizes
the multiple reflection of the THz waves msde the compesie, finally abzorbing and trensborming THz waves to
heat through electnic loss, As o result, the optimal average absorption in the effective range of THz2 frequency (13-
1.65 THz) can reach above Y9999 with less than 22.5% welght percentage of Ti,C, T, filling in the composite. Wi
further studied o superhydrophobic TiC.T,-bused THz absorbing foam. By sproving silane coupling ogent {SCA)
o salica particles on the surfisce of the sample, we have suceessfully prepared o superhyvdrophobie absorbang
iraterial with o hydrophobic angle of T30S and o rolling angle of 76", which epable the potestial application
i rainy, fey, and hunid environments, Moreover, an ultm-high abaomption rate of 994985 and an extremely low
reflectivity of 0AO007%% are schieved n the freguency mnge of 1.3 THz--1.65 THz, Therefore, we successtully
prepared o THe absorhing Foum with super-hydrophobie properbies and ulira-high absorpiion efficnency, which has
extremely practical value, We further provided 3 versanile method to transform diverse substrates into THz EMI
shiclding functional substrate. While coatmg/patterning onto various subsirates, mditional EMI shiclding mate-
rials suffer from limited interaction with the substrate surface of vanable chemistres, limiting thesr univessal ap-
phiconon, Using the copolymer polyvacryhe Itex {PAL), which s full of high=polariy -C=N fimctiomnal group, we
fabrecated a new class of high-viscosity, high-adhezion and fast film-forming MXene waterbome paint (MWP) and
demonstrated s broadband THz EMI sbsorption and sheclding on various subsirates even with irmregular shape.
e existence of varsous funchenil groops n copolvmer PAL helps regulote the viscosity of MXene suspension
by tming the collomdsl snd viscous forces, And the C=M group from PAL provides strong miermolecular polar
inferaction between MWP ond substeate, High-filled polvmer consists of conductive filler and high-polarity group
can be a general strategy 10 overcome the poor wettabulicy and inadequate adhesive mteraction between most EMI
paint and substrates, As a result, & 38.3-pm-thick MWP on guartz exhibits EMI shiclding volue of 649 dB. while
exeellent reflection=toss of 328 dB is obtined on MWTP coated spooge foam. Thes substrate-independent MWE
pave a simple but efficient way o achiews high performance THz shicldingshsorption officiency.

High-efficiency frequency conversion of near IR pulses down to 0,03 THz in ox-
ide nonlinear crystals

Yory Amndroes
Iestituie of Monitoring of Climatic and Ecolagical Svetems ILAS

Former time Fragce-Russia leam has beed demonstrated fop (360 J) thind harmonic pulse cnergy by uaing nonlin-
car LBO crystal of B mm o length and 63 mon in diameter, a5 well as [0-ns Nd:YAG pump pulses: In this sidy
high efficiency of the THe wave generation is demonstrated 0 a number of oxide nonlinear erystals under the
putiip by fs Ml YAG laser, The highest efficiency is achievesd by using high quolity LB ervstal possesing min-
imil monlinesr sosceplibility coeficient of 04T pn /Y bul as measured, (op damage threshold among nonline
eryslals and s bow absorption coefficient as below 10 erm™ . Chher details on optical propertics, experiment car-
ried will be discissed,
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Research Progress of Terahertz Measurement Technology

Fushium Mian
Ceyear Technologmes Co, Lid

Focusing on the measurcinent noeds of tepahette scientihic research ond enginecnng appticoiions, this repert soriy ol
thie prisdiect system of ternherne measurement instmiments based on electronics and photonics. Then, the research prisg-
rexs of teraborte mensurement instruments and key iechnofogies are imroduced, as well as the engneering application of
measerement technofogy. Finally, the future development direction and focus of terahers measurement technology ore

proposcd,

Principle of terahertz near field optical microscopy and its applications

Hln | [
University of Elecirenic Seience and Technology of China

Feraherte has hecome the focus of biomedicsl rescarch because of its umigue priperies. However, lersherts has
particular limitations in biomedical imaging because of its longer wavelength than Xeray visible light, Teraheriz
scattering near-field optical microseope hased on atomic force microseope can break through the teraherts diffrac-
tion fimat ond achieve nane spatial reselution. In this report, we will miroduce the working princeple of the system,
dhscuss relevant phvsical problems, and show our mdependently developed domestc syvatem. At the some time, we
will shosw the pretimingry opplications of the syserm, i oding micro nano materalsand biomedical saimples,

THz Schottky Diode Modeling for 1C design

Jeanpuan Ciau
Fast China Mormmal Linrversity

Teraherty modeling and prrameter extraction of the onti-parallel sir-bridged GaAs Schottky diode pre presented.
The simulsted dota agree well with the messured datg up b 323Gz, The lorge sipnal medel of anti-parallel air-
bridged Gass Schonky diode bes been wsed 0 design a 22001 sub-harmome mixer wrahertz monelithic ne-
grated circuit

Programmable Metasurfaces for Intelligent Terahertz Wave Control

Jingho W
Mannng University

Towards the applications of THz technofogy i wirchess communteation, rador, imaging, and other felds, the de-
vices that con control the THz wave intelligently are highly demonded. The programmable THz metasurfaces pro-
vide an exeeilent chome 1o recomfigure the THz enviconmment mrelligently o process the mformaonomn, This: piper
Fepts our reeent progress on THz programmable metasurfoces based on liguid erystal and phase change material
We developed a liqmd crysml metssurfics-based spatial Iight modulator and realized dual color compressive im-
pmng. Utihzing the hysteresis effect of phase change matenals, we developed an electnienl by oddressable metasur-
Face wath mon=velabile memoery, Our work moy find applicstions momony fields, such as THz beamforming, hole-
praphic plates, and compressive imaging
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Material Growth and Device Fabrication of InAsSh Medivm-wave Infrared De-
tectors at RT

Hao Xie, Hongyu Lin, Shuhong Hu, Ming D
Sease Key Laborory For Infrarcd Physics, Shanghan Institiie of Techaical Phvsies, CAS

High guality InAsSb has been grown by liquid phase epitaxy (LPE). The adopied step-vooling methad stows doan
the growih speed, leading o the significant improvement in mitersal qualities, The materials presemt smaooth surface
morphodogy, high crvstallinity, and fow interfoce composile defecis, The pBin-structured infrared detectors hive besn
designed ond fabricated, Inserting o barmer liyer in the device struchune showed substantinl improvemsent of device
performance with the reduction of keakoge current. By forther improving the deviee processing, Indssh devices with
good photoeleetne responst performance have been suecessfully Gbrcated, the detestivity (D7) reaching 2.0 144 gim-
Hae L/ 2Weliadpm ol room femperature (ET), The device passivolion precess wos preliminaniy explored, which shoas
further improvement of the optical response,

CMOS Terahertz Detectors and Image Scnsors

Livuan Li
Institute of Sempconductors | CAS

Imaging with seraberz 15 promising end hos potentinl applications in nen-invasive detection, secunty check, ma-
tensl anndyvsis etal, Availoble detectors vsing micro-bolpmieter, golery cells provide sansiberory responsivity, bt
thew suffer from bulky volume and are not saitable for large array. [nthis tnlk we report CMOS ternhertz detecions
and imnging sensors. Detectors are all implemented with commercinl CMOS technology which offers low cost
and high vielding. Thes talk Hirst introduce the principle of ternheriz detection using CMOS, Then we talk about
disign of wrabers detector, incliding design of antennd, matching network, notch Hher, Sinee the detector oulput
ig very small DC voliage, 1o readoul the signal, low noise amplification and anafog-to-digitnl conversion eireuir is
required. To moke on army sensor, architecture should be carcfully chosen sccording 1o design construing such as
frome. rate, dynamic range and chip complexity. We show several sihicon implementation of detectors and image
sensory with different resolution. The alk ends with perspective om Futore trends in development of CMOS ter-
heriz sensors,

Terahertz topological photonic structure based on Kagome lattice

Y Shen
Manchang Lniviersity

Topological system s robust o disordered sod contimuous perturbations, which leads fo gon-dissipative edge
states trnsportation of clectrons in quartum solids and nos-reflective propagation of light in photonic systems, In
this paper, Kagome lottice, which has s new symmetnie protective topological phase and exhibas extremely low
bermy curviture and nontrivigl polarzation, s stdied. Theonstical snd numencal analysis show that the structure
con realize villey hall optival opelogical insulators with fowr edge states. Furthermers, fabrwated topelogical
waveguide are measured by THz-time-domain spectroscopy (THz-TDS), The results demonsteate thit in range of
(.437-00453thz, straight and Z domain walls have almoest the sume trapsmission, indicating the nop-trivial topo-
logicsl edge state of the structure hos 3 very strong ability o suppress bockscatterig. In porticular, the THz-TDS
metsurements con provide tme=domam mformaton of waveguide modes that cannot be obamed from general
megsurements which only responsds to power spectiam. - Additionally, an open ring villey hall optical topology
insulaor based on Kagome lattice also i5 proposed. Tt shows thet the C3% symmetry can be broken by overall ro-
tution of split rng @ and individual rotetion 0 to provide topelegecal phase transition. The refrection effect of THz
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signal propagaing from the zigeag interface 1o the background space illustrates that the positive/negative refrad-
tion of the outeoing beom depends on the type of valley projeeted by the edoe states (K or K7,

THz wavegundes have grest potential moimformation and’ communicabon technology, nclhuding the secth penera-
tron Do) wireless commumeation, TH2 inegrated cireurs ond intereonnection of intra chip and oter ¢hip eoms
msimation, This work exrends the wpological insulator system e the TH2 band, provides a method for bigh nme
resolution THz-TDS measurement i topological photonic systemns, and promotes 113 potennial applications i di-

rectronal collimation, beam sphtting, negatve refroction imaging, and so on.

Diffractive metasurfaces for terahertz beam manipulation

Jicrong Chen
Mankm University

Merzsurfiees have shown great potential to replace wraditional bulky componems for flexible control of the beam
via toloning the phase response of the subwavelength elements, The overall optical response of the metasurfoce s
determmed by both the refractive and the diffractive effects: Exstmg metasurfaces fosus on the design of refrse-
tive phase gradient, while the dilTaction effect is neglected, This report will emphasize on the role of dilfraction
effect in improving efficiency and increasing fexibility of bewm munipulation. General diffrective theory for arbi-
trary wave front shaping 1= proposed. A vanety of terahertz functonnl devices are designed and tested through the
neibocal diffrsction contral, The results might promete the study and apphication of high-efficeney, lmge-gradient
il rule-funcetional terahertz functionil devices,

Compact terahertz laser based on gquantum cascade laser and its application

Lhoyong Ten
shanghai Institute of Micrsysiems and Information Technology, CAS

Ternherts quontum-cascade loser (THz QL) 15 one type of optoelectronic devices based on low dimensional
compound sermicondwstior materal, sehich s sery important sowrees i teraberte reson, 1 has the chamctertstics
ol compast configuration, maturg Tabrication precess, stable perfprmance, and easy integration, In this report, we
first introduce the working principle and Iatest progress of THe QC L, Subsequently, o series of THz QULs amd
their performance are mtroduced, and then we introduce the application of THe QUL in terahertz photoelectric
chirseterization technology, st scanning tmiging svsfeim, compact real-time imagimg svstem, near-Relil optical
imcrEcopy Tmnring system and super-resolution msging, and fmally fook forward 1o the Tuture development of
compract THe lagser source.

A new route to realize high-sensitive long wavelength infrared to terahertz pho-
toelectric detection bevond cui-off wavelength
Wid Ao
Shanghai Institute of Techineal Physics, CAS
Spece targets ineluding e poles and asteroids bove perpetually frozen surfaces, which radiate leng-wavelength
infrared waves: Many astroncmical tangets slso radiate far infraned 1o millimeter wives, Therefore, long wave-
length infrnred fo THz detection is of significant importages i remoie sensing from moon fo deep space. In this

tinlk. i will present our research on o aew phinomenen of electromagnetic induced potential well effect (EIW
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effect), which achieves high performance detection from infrared to THz at room temperature, Subsequently, we
have observed similar phenomenon and the resulting high-sensitive photo-condsetance effcct at room temperatine
i1 & variety of bulk apd two-dimensional matenels, This talk neveews our research works on the EIW effect i the
past K years, includmge the study on the wembenz detection mechamsm and a varety of G mfrared detectons: based
o the ETW effcct, A doeen meaigrials ancluding InSb, InGads, 50 BiDySe, BipTe,, Ta.MiSe,, Ty, Mhbey show ex-
celled responsivity and NEP performance for TR and THz detection by constructing ETW detectors, which proves
that the EIW cffect 1= umiversal in these matenols, Our works provide s new rowte o break through the high-seas-
fve long wavelength mfromed photeclecine detestion below the sermeondusior bandgap width,

Spintronic based ultrabroadband terahertz emitters: from fundamentals to ap-
plications

Luaniming Fin
npversity of Shanghal for Seence and Technolagy

The developiment of efficient ternherts {THz) rudiation sources s driven by the scientific and technological appli-
catioons, To date, as for o5 the radation of THz polses s concemed, the widely wsed methods dre hased semicon-
ductor, eleciro-optical erystal and wir plasma, which are excited by femipsecond Tser pulses. The mechanizms
invitlved are phido-carrier geceleration, second order nonlinear effect, and plasma pscillations, respectively,
Here, we report the generatton of coherent THe radiation in the designed ferromsgnetic/non-magnetic metallic
hetervstructures, excited by alirafist Fser pulses. The omgin of THz generation from FM beterostruciures con be
interpreted dsing tw tems e ransient demagnetizition ond electric-dipole rilaion resselting from the non-li-
cal spin current pulses. The THe emission is dominated by the photo-excited transient churge current, which is
converted from the spim current with inverse spin Holl effect. Our results indicpte that the peok-values of the THz
rachation from WACoFeBPLomd TooFeB W ure strongeer than that from (0.5 mm-thick ZnTe erystal covering the
(b—2.5 THz range, under very similar ¢xcitation conditions. Ferthermorg, an efficient fgrahertz (THeY emission
Irom PuCoFeTa triliaver fabricated on the flexible polyethyviene terephihalate (PET) substrite is demansiroied. We
show an efficient and practical opproach to enhance and manipulate THz seneration bosed on 8 cascoded PET/PY
CoFeTa heterostructunes, The cascaded spintronie TH: emitiers can nod only be pssembled with THe meigsurfoe-
5, bt ko be usad 1o perform a THe speciroscopic measuremment, These findings can be wilized foe device-omient-
ed opto-spintronics and also extend the established THe emitter w THz modulator,

High performance terahertz quantum cascade lasers, transmission waveguides

and their biomedical applications

Clhongehoe Wo
Shonghai Jino Tong Ui versaty

This talk will present our research on high pecfonmunce terabens gquantum cascade bnsers {THz QO Ls) in terms of
narrow bewn pattern, frequency tungbility, bgh output pewer and accurste predictions oF resomant mode. ¢hirie-
teristics for TH QUL= with distributed feedback, Purthermore, | will discuss our recent developments of spatially,
spectrally single-mode and mechanically Mexible, streichable 3D-Printed terahenz transmission waveguides of

THx QCLs and their applications m hiomedical sensing and imagmz.
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High speed THz modulation technology and communication system

Lan Wong, Yaxm Zhang
University of Elecironic Scicnce and Technobogy of China

High-sensitivity Graphene-based Teraheriz Detectors with Johnson Noise Read-
out

Wil Misn
Purple Mountinn Olservalery, CAS

With o uniqué combination of small clectronic heat copacity. and weik clectron phonon interaction, graphene has
recently emarged as & promising matenal for sensivive detectors an wemberte (THe) frequencies, However, the
resistance of graphene weakly depends on electron lemperaiure, which redoees the détection perfermance of the
graphene-based detector with a conventional resisave readout. Here we present the development of grophene-
based THe detectors with Johnson nodse repdout, which probes the electren temperniurne by measuning the Johnson
piae entimed by electrony o merowave legqueney, This readoul seheme con essentially provide wide bandwidih
and sensitiviey 1o resolve the fundamenial thermal Nuetuations. Using Johnson noise readout, we bave demonsini-
ed high-sensitivity and wide-dynamic-range sraphene hod eleciron bolometers af THz frequencics.

Terahertz Spectral Imaging of Biological Samples from far-field to near-field

Huabin Wang
Chongyeig lisstitute of Gieein abd Linpelligent Technology, CAS

In thiz presentation, | will mtroeduce our recent work 1 demonstiate three different terahertz (TH2) imsgmg
techmgues by which biclegical samples can be anvestigated with different sparial resolutions foom millimeters,
micremeters W panometers., Fiest, we emploved o conventional far-field THz tune-domain speotroscopy system
with o spotiol resolution on the mullimeter scole to mmage mouse skin tssoe with melanemi, 1t was found thar the
mmekamorm could be unambiguousiy dennficd from the normal te=aee o the fFegoency regaen of 006 < 20 THe by
exploiting the extracted refractive index andlor absorption cocfficient. Second, we utilized’a home-built phoocon-
ductive antesnn microprobe-based THz near-feld svstem with o calibrated spatial resolution of several microns
b image mouse brom tisswe stices. by which the corpus callosum region and the cerchrom region wene deteeted
clearly, In-addition, ipdividusl watermelon pilp celbs were successlully imaged usiog this technigue amd the dry-
ing process of the cell was observial and investigated. Fimally, usimg o fip-scamering based THz near-field imaging
techuique, we realized to imege individeal biomolecules on the nancmeter scale Our resulis prove the capabality
of studving brologicsl sumples from different spatinl resolution levels, which manifests that THz imagmg tiech-
e e holding @ promisimg fitwne w tiomedcal and nologacil felds,

Terahertz target scattering characteristics and radar technology

Ch Yang, Homgeuangg Wang
Peaitzoni] Linnversaty ol Thafense Techmology

With the rapid development of ternhert: devices, teraheriz applications are coming oot Terahertz radar 35 & bypical
spplicaticn i both miloary sod el Belds: Bosed on the swthor's years of research o terabertz, this talk moinly
deals with bwe problems: target scatfering characterizstics in terahertz boand and terabenz radar technology, Targer
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seditering characteristic 15 the basiz of wrabenz rador application, aod the special position of terabeniz i the ¢led-
tromagnetie spectrum detenmines the partrculanty of its scatterning charactenistie, Terahertz rodar 15 o synthesis of

tereheriz theory, devices, charactenstics, technobogy ond so o It has a bread spplicubion prospect.
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ESIT2022-0803-]
Terahertz wave generation and detection using liquid water

Minghao Zhang; Wen Xine: Liangliang #hong”
Copital Mormal Universiy

Im recent veors, thie study of weraherte T HeY wove his attracted extensive attention of researchers. As an emering
technology, THy Ging-domain spectroscopy { TS} has broad application prospects in space defeenion, biomgdical
resedrch, security inspection, brogdbond communication, eic. Solid-hased eleciro-opiic sampling, photoconduetive
pntenng @nd loser mduced air plasmas are currently the most commonly used technigues: for THe coherent detec-
bron.

Traditionnl oplical methods use phidoconductive antenms or eleco=opiic crvsial as THz source, whereas the inten-
sity ol THe wave electric Gold eodiated isonly a few KV Yemy; and the spectral range i below o few THz, which is
not conducive to prictical applicution, A and hguid, a5 the generation medium of pulsed THz wave, have the ad-
vantoges of no damage thresheld, recyeloble ond soon, They can be pumped by ligh enenzy loser 1o obtain brosd-
band gtrong THe radimtion, In recent vears, mpny researchers have paid attention te them, However, the mecha-
nism of THe generation in gir plasma has not vet been fully explamed, and the generation eMeiency needs o be
further mmproved. Liquid (including water and other matemals) as THe radiation souree 15 rarely reported. Liqud
usaedlly bas o logher density ¢lose tsolul, o lorger nonbnear susceptibility and & lower wnteaton threshold than
was, which means that the phenomena durimg Tilaomentation in hguds: aceompitnied by more abandant and stromg
physical effects, The wdity of liguids greatly improves its damage threshoeld and self-healing ahility. Thorefors,
the development of reluted applicotion devices in the feld of THz weve based on higuid water will have umique ad-
vantages,

FHz wave generption and detection using liguid watee has long been considered impossible dug 0 its sirong ab-
sorpuion in THz frequency rnge, A fow very recent works reported THz gencration from water, but the mecha-
nism has not vel been well clanfied and the efficiency demands 1o be further enhanced, AL fiest, the THz wove zen-
crated by waler Rim excited by B00 i Jaser 15 several o or more than doeen dmes sironger than thit seneratied by
i pliesimi under the sime comditons, aml the influence of polarizstion aml eneeey of panmp Bser on THZ mdiiion
generated by water film iy explored. Furthenmore, the THe madintion generated by water film is enhanced by long
wivelength pump laser, and the mfluence of laser incidence ungle on TH2 wave i stwhed, By using water line
instgmd of wealer Glm, the radiation effcency of THy wave 15 stemihcantly rmproved. Thentensity of THe wave s
[EM0 times of tha generated Trom ar phesmi exdited by fwoseolor fefds, AL the spme fime, the internal generstion
mechamism = amalveed, In order w find g beer bguid mediom, the TH waves radiated by different kinds and
concentrations of Hoguid are studied. Compared with pure water, ethanol solutton will produce more THe radiation.
e vesulis Gl the gap of THe wave generaled by lguid,

In genersk, the TH generation and detection are considenad as reversible! theoretical analvsis processes, Receni-
Iy, Tan ot al, proposed a coherent detection scheme of brogdband THz pulses based on liquid water via four-wave
mixing process for the fivst ome, The spectral response reaches U118 THe, which can be extended oo wider
range. 1t breaks through the botleneck of homrted spectium n raditionel selid-based detecton methods, Mean-
while, the schime brings & solution for polarization-sensitive deteetion of THE palses, However, the understanding
of plasma m liguid wister is far from being sulficient. Therefore, it is necessary W0 conduct in-depth investigation
oft the THy coherent detection scheme based on higuids, particularly water. We plan to lurther explore other hquid

mediss, and preliminary studies have been corried oot on organie solvents snid ivorganie salt solutivons.
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Experimental and Simulation Study on Terahertz Absorption Spectra of Organic
Aqueous Solution

Let Hou'; Junnan Wang; Let Yang'; Wei Shi
Ritan Ulniversity of Technolopy

mmce termberiz ( TH:) waves can be sirongly absarbed by water, the expenmental research on the charnclenstcs of
wiler-gontaining semples by THz weehnigue is developing slowly, With the development of computer fechnolegy,
the application of quanium chemistry theory 1o analyee the charscweristics of water-containing samples provides
& new way for the rescarch in this feld. In this paper, The Tz mdintion was cnhanced by using o high-multiplier
photocondective antenng in THz Ume-domain spectroscopy svitem, and the THz spectrum of lociose solution was
measured by wsing o horm shaped rapered parallel piote waveguide, A the some lme, the deiection of Tz spec-
trum of L-arginine solumion wis realized by using a sample cell. In order o investigate the relationship bataeen
Tllz spectrn and moleculnr siructure of the subslances. the THi absorption specira of a-lactose monohydrate and
L-arginine in aguesus: soilvent environment were investigated by combining density functionol theory and SMD
implicit wistersselvent model, and they are in good agresment with the expermental resuls, To account for the
generation of the Tz characieristic absorption peaks, the potential energy distributions and the vibraton modes
of the two samples were analysed nnd attriboted in detsil. Finolly, the types of intramotecalar interactions of the
oy subsiances were designnted using the nteraciion region indicator. This paper provides o method for te nves-
tpation of the speciral properies of water-containing samples i te TTE band,

ESIT2022-0815-14
The Application of the Silicon Micromachining Technique in Terahertz Radio
Astronomy and Planetary Science

ot Lhu
Mitional Speve Science Cenler

To pehieve more scientific outputs, the next genertion of sub-millimeter heterodyne receivers for both space
telescopes and growmd-based telescopes reguings higher Pegueney bands amd high wide-field napping speed and
wider BF and IF bandwidth. To further improve the observing speed, mult-peoed radio astronomiy reodivers an
favened. The observation speed will be ereased by a factor of the pixel number of the recerver (as long as there is
ne degradution o the sensstivity of the mdividoal pixel ), Therefore, high s¢lence throughput con be produced. For
exmmmplie, the ohserving spevd ol a [h=piael focol plioe amay (FPAY 5 16 iimes ster than i smgle pixel receiver,

The first work s focused on the design, fabrication, assembly, and measurement ofa 2*2 LO aray fora |37 THz
HEB heterodyne urray receiver. A HEBR is an extremely sensitive TH mixer. The ¢rtical component of the 242
LO armwy 15 0 waveruide-based 2*2 beam divider The beom divider consizts of o wiverude-based feeding net-
work and four Pickett=-Pogter boms, The WERLGS re¢fangulor wavepuide-boséd Heplone und E-plane junctions s
pxed to construct the feeding peowork. The divider comprises tawg 300-m thick: zilicon wafers with multilaver deep
reactive-on etching {DRIE) micromachied cireuits; amid o Pleken-Potter horm ammny manufactured o alunuinosm
using computer numerical control (CNCY mochining, The twe silicon plates and the sluminum plote were nssem-
bled with o special process wsing multlaver stacking technolopy o ensure im assemblme misahgmsent lower thin
P g, Final, thee buar divider was characterized by o LERMA ABom Vector Mepwork Analyzer fonly 5,4 in the
hand of 1.3-1.4 THz A measured aommalized sodiation pattérns of the beam divider st |37 TH: is done, A HDPE
lens was st between the beam dovider snd the measurement plane. The distance between the beam daswder and thie
HEPE lens s 32 mim, while the distones between the HDPE Jens and the measurement plang o5 190 mm. This s
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the first prototype of the multilayer staeked waveguide-based 2*2 beam divider ar |37 THz ever fabricated [1].

To do the obsérvation for planstary sicnee, room fempesnture depsctors are usually vsed, For measuring fime spec-
trum line of the plusctary atmosphence moelecule i sub-mullimeter wave, the Schottky muxer s widely used. For
eximple, the Microwave Tnstrument on Bosettp Orboer propece and the submillimeterseavie mstromeyt (5W 1 m
Jupiter 1Cy moons Txplorer (JUTCE) project, For the carth smosphere research and deep space mission, the Tow
mass and small voelume i the constenint of the satellite pavlond.

Wi design and fabricate o stheon block-bazed Schottky nuxer, operating m 370-400 GHz. The upper liyer of the
salcon block 1= made of o -420m theck stheon wafer with bwo maosks, while the bodfom laver of the sihicon block
15 made of o ~300m thick silicon wafer with three masks, Both of the two sihicon wafers are fabricated by the
multilayer DRIE technology. A 3D vemier is used to improve the alignment securcy of the mixer assembly. The
miessured 558 conversion loss of the s silicon block-based Schotthky mixer ~13 dB.

[ 1] =T, Zhai et al., A 13T THz wiveginde=based 252 beam divider fubncated by two microfibncaton fechnolo-
i, Prose 308t Intemanional Sympesium on Space Terahertz Technology, Tempe, AZ, pp -1, Apr. 2024,

ESIT2022-08-13
Fabrication of bendable low-loss terahertz hollow waveguides based on plastic
tubes

Shenyg Liv; Guoxing Xie; Xuehw Lu; Chengbm Jing 5 Junhae Chu
East Chima NMarmal University

THz technology hns developed mapidiy in the past few decades due to s broad applcation prospects in mumy
fhelds, The advaneement of THe techoolopy puts forvard mong stringent regquiremsnits on new THe wavegunides,
Inh previous studies, many THz waveguides have been developed, socluding metal-wire waveguide, hollow metal
wavegtide, photonic erystl wiavegnide, metamaterial ¢lad bollow waveguinde and metal/dielectrie waveguide.
Among these waveguides, the bollow wavepgmides atiract the attenbion of nesearches due to the sdvantages of no
pnd=reflections, hgh-domage threshold omd Jow ransmission oss, Inour work, @ vanety of Rexible termbertz hols
low wisveguides based on plisstic tubes were developed, including plastic tshe wiveguide, metal-coated hollow
weaveouide, wnd metal/daslectrie kollow waveraide,

Fur the plasie tube wovemmde, we have successfully prepared the thin-wall cvclic olehn copolvmer (00C) tube
waveguide for the THz trapsmission using o well controllable dyoamg eoating method, The TR transmission spec-
tra confirm that the wall thickness of COC wbe wavegunde i of high umiformity, The bandwidih can be broadened
by decreasing the wall thickness of €O tube wavegmde, snd the low-loss transmission window will be moved
From higher frequency ringe to bower frequency mnge when the wall thickness mereases, The streight and bendmg
(307) prunsmission losses recorded on VI syvstems neoch (0100020 dBem and 0018031 dBem for the 55,06 um
wall thickness COC be waveguide, 016036 dBicm and 0.20-04] dB/em for the 51.0 um wall thickness COC
e woveguide and 023050 dB/cm and 0,209-0.58 dB e for the 33.0 prmowall thickoess COC tube wiveguide
withm 0,731, 1 THz range, respeciively.

Lo order to further reduce the trapsmission loss of the woveguides; several mefol-coated bollow wovegnides based
o plastic structural whes have been prepared, ncluding ABS/ Ag-coated hollow waveguide, ABS/Cucoated
hollew wavegnide, amd PEER Ag-coated hollow waveguide. The ABS/ Ag-coated hellow wovegnide can achicve
low-lose und broadband (0.2-1.0 THz) transimsssion in the lew-freguency range of THz woves, The 4. 2-mm-bore
b o waviegineke huss the best stringht rransmassion losses of 071 and 131 dBom ae 3000 0d 100 GHz, respeonives
Iy, The bending mransmession losses nerease e 056 3B moar 3 GHz (with 3 besding angle of 907 and o bending
radius of 15 ¢m). The ABS/Cu-costed hollow wavegide was simple i design and inexpensive to fabricate. THz-
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TS amtenmation spectra of the S-mm-bore ABSCu-comted hollow waveguide showed that the prepared wivegunde
had relotively Tow attenuation st 0,32, 0,65, and 0,98 THz, The strarght transnussion Ioss was 0,85 dB/m oot D98
THz. and the bendmg trunsmission loss meneased to 1,12 dB/m ot 1807, To further enhonee the wenther nesestanae:
of the wavepindes based on plasie structuml wbes, oorobust PEERS A g=conted hollow wavegunde was developed.
The good thermal propemies of the PEEK mwibwe and the bonding perfomanee berween the silver film amd the
PEEK mbe ¢an meet the requirements of the stable tmnsmssion in high {150 °C) and low (-78.3 °C) temperatune
ervironmenis. In addition, the PEER Ap-vonted hollow wavermde has extremely low ronsmission loss: For the
425 mme=bore waveguide, the strmght trpsmicssion boss of 0,3 THz = 0067 dB/m, the bending tronsmission boss
pizes to 102 dB/m upon a bendimg angle of 130 0 (bending radins: 15 em),

(i the basis of the metal-coated hollow waveguide, wie also faibricated metalidielevtric hollow waveguide. The in-
troduction of the dieleetrie lover con further reduce the fransmisston loss of the woaveguide ond sdjust the low-loss
tramsmpssion windew of the wavegiode, We frbricoted successiully the AgPP hollow warvegunde by optumsing
the swall thckness of the PP b and depositing o smooth and wifeom silver refective film onto its outer surface,
From the loss spectrn of THz-TDS, the prepared 5-mm-hore hollow wavegnide hos relstively low aftenistion at
prownd 200 GHy, The stranght transmizsion loss 15 105 dBm ot 200 GHz and the bending tronsmussion loss has
by angresse up o L3 0B moar 270 0, as the bendmg angle varies fromm 80 o 270+ {wath the curvature radius of
I3 emp,

In summenry, these waveguides hove the advaninges of low tansmission loss and excellent bending propertics
sheds light oo the prospect of the woveguide transmassion of lew-THz frequency and the commercinl apphications

i the Tuture THY commumieaton,

ESIT2022-0821-6
Rice freshness recognition method based on improved VGG network and THz
image

Crion Wang: Yuan Zhang - Hougw Gie: Yuving Jizgng; ¥ifel (din
Henon University of Technology

The freshncssof neecan reflect the harvesting years and the degree of quality detenoration duning storage. There-
Fore 11 55 erucial to detect the freshness by using the THe mmage and imiproved VOO network

Ferabertz wave is-an electromagnetic wave between microwawve and infrared, the frequetcy range is
(LI THe—0THz, It has the advantages of non-desiructive westmg, molecular fingerpring, low energy, Ternhertz im-
pging technology uses ternherte roys o irradiote the sample . ond oblons g ternherte image of the sample by pro-
ces=ime and anelyomg the informaion of the trensmssion spectrm and reflecton spectmom of the nminging sumple.
Al presend, tershery imaging technplogy hasheen widely wsed in the Gelds of material identification, medical di-
pgnisis, food deteenion and safety inspection. In this paper, The THz imoge of rice swored with different yearswere
mvestigated by terahertamaging system, Due to o large amount of dota and ineonspicwous shallow featuresof the
terabertz mage, the traditional YO0 network cannot fully extract the deep Fedture ihformation of the image. The
Incepion-RosNet-A axyimmetne cofvaliution module in the Incephion-ResNet=Y2 netwirk g inirccced based on
the WEGTY netwirk struchure, Aceornding W the experimentyl findings, our improved setwork-could ncrease iden-
tificationaccurscy up toiipercent

e resulis show that the proposed methaol] of THz mage combimed swithithe improved YOO efficient and feasi-
bl Tor identilving rice Meshnessand is o poténtial idennifcation wolfer ensuring food guality and safety
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ESIT2022-0814-9
Study of long-pluse high-power 170G Hz gyrotron for fusion plasma ECRH

Bentinn Liv's Xiaojie Wana®
I Instinute of Energy, Hefed Comprebensive Mational Seienee Center;
2 Institute of Plasma Physics, Chingse Acsdemy of Scienoes

The MW oyrofrons wre key devices in ECRH of magnetic confinement nuelear fosion svuteims, In order o achieve
the high power and lung pulse of the 170GH7 gyrotron, which are adopted in the CFETE. a TE2S. [ (-mode
TG H: pyrotron research ore given in this paper, A single-anode moenetron mjection gun (MIGE omd the cvlin-
drical pesonant cavity operating aie designed and optimized by PIC, The thegretical output power of the. gyrotron
with operating Voltage 73KV, electron current 454 iz about 1. 1MW, comesponding to electron efliciency of 32,6%.
The gyrotron has been fubriceted with the single-depressed collector and quosi-opticel mode converter and will be
tested in the futurne,

ESIT2022-0520-15
Identification of moldy wheat in terahertz images based on

Broad Learning System

Fei Wang" “ " Yuying Jinmg" **"; Hongyi Ge' =; Xinyu Chen™= " Li Li"
I Keyv Lahgratory of Grain Infprmation Processing & Control, Ministry of Education, Heman University of Tech-
nxlogy, Zhengehou;
2. Henan Prosineial Key Laboratory of Grain Photeelectne Dedection and Control, Zhengehou;
J.Callege of Inftemation: Science and Engineering, Heman Lniversity of Technology, £hengzhoa;
4. 5chocl of Artrficizl Intelhgence and Big Dota, Heman LUniversity of Technology, £hengehou

The quality and safety ol wheat are croclal components of food safely. The tmditional methods for identilicntion
and detection of mildewed wheat groins require complex processing steps, thke a long time, and have poor featune
entbetion abilny, which epsily leads o the Toss of efective image informiatien, resulting i imefective (dentific-
tion and detection of mildewed whent wrains. Most of the algorichms do nat hiave incremental leaming character
i5tics and connod be optimized lor sterage resources or medel updiete thime. This work suggests a Fost And Flexible
Denoising Convolutional Mearal Metwork-Convolutional Mewral Network-Broad Leaming Svatem (F-C-BLS) net-
wiork-based recogniion algorittum of whest muldew grvm Troin teraheriz  THE) speciral imsge address these 1ssees,
By ingluding the Fast And Flexible Depoising Convolutional Meural Metwork (FFEMot) denoising module and
ihe Convolutionn] Neurn] Network (CNN} fepture extraction module and creating o F-C-BLS recosnition model,
the algorithm improves upon brosd kearnimg system (BLS) The algorithm improves the traditional BLS algorithm
pived constriers the F-C-BLS moldy wheat elassification and recogniton model by intrsducing FFDMNeL denoizing
netwirk and O feature extraction necwark, To fUrther improve the image procesging capability of the F-C-BLS
algorithm, o new convolutionnl network was proposed to enhance the imoge quality, improve the copobility of net-
work fenture extrction, and increase the moldy wheot wera Hemsnan spectreal images of moldy whest Mesrwhile,
considering the posaible grodient dizsappearance and overfining coused by the depth of the network, we used pasa-
metric modified linear unit {PReLUT a5 the activation function. Finally the obtaised featere mainix wos converted
into feature vertors and input to the BLS classificntion network for classification process.

Experimental results show that the F-O-BLS slgorithm eflectively improved the image processing guality alter
deneising and convolulional exiraction of fepneres, significanty reduced detail less; and imperoved the ability o re-
iin line features. Th algorithim increases the recognition accuracy of wheat mildew grain teraherts spectral image

wnd-cutperforms the traditional BLS algerithm in the pecuracy of recogaition. In particular, the recognition accu-
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racy reached 94.47%, the recognition accuracy of the BLS for senously moldy wheat was only 68.32%, while the
revognition securaey of F-C-BLS reached 94.47%, and the securaey of F-C-BLS increased by 36.27% companed
with BLS. Meamwhile, the recopmition accuracy of F-C-BLE mereased 33.20% for nonmal wheat and 36.22% for
Ightly moldy wheat compared weth BLS. Ar the siome tme, thas paper uses Support Yector Mochime (5 M) amd
Back Propaganon Neurst Network (BPNN) o ¢ompane with F-C-BLS. The classification aceuracy of our F-C-BLS
network 5 14, 26% and 7, 84%higher than those of SVM amd BPNN, respeetively, and the training tme of F-C-BLS
reached 327885, the trammg time of F-C-BLS was improved by 9 7% and 16.4%, compared to 5% M and BPRN,
respectively, Moreover, the algonthm bes the advantage of convenenge with low runmmg hordware regquirements.
Therefore, the F-C-BLS .'I]¥1_1|"ilhl'l| |'|l'|.||'||._|¢£u,'|:| mn thes paper fad obyiogs :1.:!';':|1!h|_|;|,1:5- in elasgification BTy Y LTH]
processing time, which could effectively process the TH2 images of moldy wheat and rapidly and accurately iden-
tify the moldy wheat in different peniods. Ternbhertz imnging combined with the bls plgorithm provides a new tisch-

el s for whed, openmg up new possibilitres for tennherte imaging applications

ESIT2022-0814-12
Terahertz near-field nanoscopy of edge fringes in the materialinterface

Fueheng Qiv; Zhivoeng Tan; Chang Wang, Juncheng Cao; Huabin Wang
Chongging mstiute of Green and imtelligent Technology

Terihertz {THz) imuging has afiracted remurkabde interest becnuse ofthe distinet superiority in non-destructive ex-
wimimation, bicmedical sensimg, and ssounty checking. However, due to thediffraction limit, the spatial resolution
ol convenbonol TH: smagmg sysiems 15 restrcied (o the subomillimeter seale, which s sorcapablie of nono-opteal
imaging of the fine struchures, In recent years, thescattering-type scanning near-field optical microscopy (5-5N0M)
has becomse an effective fool in the nunoscalé resedrch of the seniconductor, plasmonic, biolegy, and dielectric
systerms. Lisually, & sharp scommingprobe of atomic force microscopy {AFM) is placed 1 the wicmity of the sam-
ple surfacete acquire high spatnl fregqueneypropertees, Nanoscale resolution con be obtamed by wsingan s-5NOM
cperating al frequengies from visible o microwave, We experimentally investigatesome fringes which appear
it the edgeposition of & material swripe m the THz near-field image, We puy specinl sttention fo the outsede dark
fringes and the brght fonges m the plateau of the edge. These fringes are dilferent from those m the visible rangs,
whiere polid supports plusmaomie maodes, Gold fonges i the THz rangze are ol affecied by the edpe resononees, We
theorencally interpred the formation of the fringes, The mimecical simlation resaliz of the edge fringes show that
THz light Is highly concentrated locally at the gap between the tip apex and the sample. The electric field strength
betareen the op und zold s stronger than that between the tip and the stlicon substrate, When the tip scans the edge
of the prating, twir hot spofs are formeds one mght under the tp and one at the upper sharp edge of the sample.
Because of these two hot spots, the THz sear-field scuttered signils can be increased and a bright fringe appears in
the edge region. An extensive scunning of o gentle sdge only shows the outside dark fringes, When the probe tip
moves awey from the plodesy, the opex does not couple tothe silicon substrate right beneath it due 1o the curved
profile, The smaller refroctive mdes enviromment reduces the efeenve polarizability of the bp and Fforms an oul-
side ke fringe o the near-fieh] imaie of the adge, To explain the absence of e dark frimges in normal TH? near-
field images, 9 compare the topography and the SNR of the stép. The using of smaller bip, steeper interface, and
lurper scomming step potentialiy reduces the possibihty of scanming the shurp step and the intensity of the sipnal
change, On the other hond, the sl changes vhsoured by the noise will become more pronoonesd due to the in-
erepse of SNE,
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ESIT2022-0814-3
Study of Low Temperature Induced Hydrate Formation in Alkali Halide Solu-
tions by Terahertz Time-domain Spectroscopy

Ligang Chen
Choagging Institute OF Circen and Intelligent Technology, Chinese Academy of Scienees

Salt-water svatens are ubigquitows in nature and play an important role in fifie netivities, The lernherte spectroscopy
technodagy has beon used in the stedy of the svsems becnuse terahenz waves have a unique response 1 hydrogen
bonds nnd molecular low-frequency vibrotions. However, liquid waler has sirong absorption of werahertz waves,
wnd i terpherte spectmm charpeteristics are pol obvious, which limits the spplicotion ol this technelogy. In thes
paper, the method of solution freezing 15 vsed 0 systemanienlly study the worabenz specirum characterisics of the
aall zalution in the Troven sile by the tleraherty ime domain specirescopy (THz-TIE) techrology. Amd the intrin-
sic relatonship between characteristic spectra and hydrtes is ascertained. end the formotion mechanism of salt
hydrates is anplvzed. which provides mew ideas for the study oF water-bearing systerns and even biolosical tssues.
1. The Incticg vibeation mode of alkali halide ervsials has been explored clearly, The teraheniz specunl fextures of
alkali halide cpvatnls were studied with the combination of broadband TTHz-TDS, The resuliz ahoow that the charasc-
terisic tereherie absorption peaks were observed in cach salt io the frequency region below 3.5 THz and the ire-
guensies of these observed peaks are red-shified with the mensases of the mnss ond radias of the ons. These peoks
could be pssigned o the nice vibmtion of the jonie ceystals by the solid-sinte<based density fupctional theory
iDFT) catcalntions. This correlation between the rezonant frequency of the lamice vibeation, the reduced atomic
miass, and the equilibrium distance between the jons agrees well wath ihe harmonic oscillator model.

2. The dispdvantages in the study of temberts spectroscopy of solt selutions hivs been avended by freerine method.
The cooling-mdueed frmacion of hyvdrase in ogueous MaCl solutions was probed wsing THe-TDE, It was found
that the Mall hvdrate formation is accompanied with emergence of four new absorprion peaks at 160, 243,334
pnd 378 THz. Combining the X-rav diffrecoon (KR D) measurement with the DFT calculntons, we assign the ob-
served teraberiz absorpiion peaks to the vibratonosl medes of the formed NaCl » ZHI0Y bydeate during cooling,

5. The obility of atkali brine solution o (o hydraces o the frozen siate has been wentified, and the law of hy-
drate Tormation has been summarized. We svaiematically studied the ability of 20 alkali halides to form salid
hydrates in the frozen state from their aqueous solutions by THz-TD¥S combined with DFT calculntions. We exper-
imentilly observed the rise of new teenheriz absorpion peaks n ihe spectral mange of 0,3-3.5 THz in frozen alkal
halide solutions. The DET caleslations prove that the pise of observed new peaks in solutions containing Liv, Mat
of Fjons indicate the formation of sall hydeates, As a simple empirical rute, the correlation between the wrahort:
signasures and the ability of alkat halides 1o forme o byikie has been esiablhished,

4, The influence of orzanic selvents on selt hvdrate formoticen has been studied, The formation of sall hvdnte in
sll-nrpanic sobveni-water temary svslem wis probed wsing THeTDS. In the methanol, ethanol, sopropansl and
fert-hutnmol sysiems, the resulis show that the first three aleohols can all make the absorption peak of NeCl hydrae
disappear. We consider thet highly polar alcobols could affect the hydration layer of the ¢entral ion, which playv a
ke rale m the formation of hvdrotes. And this conclusion is proved by chanping the type of salt or organic sobvent
in Lhe termary sy siem,
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ESTT2022-0806-8
Microwave Kinetic inductance detectors for terahertz imaging

Runfeng Suz Lali Shi; Tao Zhoa: Baizhi ¥oo; Hogbe Wit Xoecou Tu; Xiaogqeng Jing Lin Kong: Biasbing Jin: Hoa-
hing Wang; Jian Chen'; Peibeng Wo
Manjing Uiniversity

A large smount of information can be obiained in the far-infrared (FIR} or terohertz (THz) band {3(-1040 farm’
pince distant, cold amd dusty objecty of the umiverse rdiale eneqpy imvisible ot other wavelength, Larme armivs of
bltri-sensitive direct detectors with backpground-Tmited perfformanes have tmportant applications in elescope m-
g svstems with o large field of view, The microwave Kinetic inductince detectors (K105, which are & kind of
superconducting pair-breaking detectors resonsting ot differént microwave fregquencies, represent & state-of-the-un
detevtor for the next generation space based FIRTHz observatories. Photons with encérgy higher than the super-
condueting pap break Cooper pairs and create quasi-porticle excitations i the filoe The best sensitivities of KIDs
g comparable to that of the trimsition edge sensor (TES) bolometers. Furthenmore, i 55 relatively easy fo imple-
ment KD arravs oo larger scales, With intrnsie frequebcey-domain multipleximg aliowing high muoltiplex factors.
even kilo-pixel KID armuys can be read out through a simpie coaxaal Ine which reduces svstem complexifies.

We desipned and fabricatsd o sopereonductimg hyvbrd NETiMN-A] Kinetis inductomes detector (KIDY over o browd
band centered at 4.3 THz The antenna-coupled KITY consists of a hybrid NbTiN-Al half-wavelength coplanar
wavemtide resonator with two ends open, copacitivaly coupled to o microwave rendout fine, The fength of the res-
enatar i5 - 10,7 mm, corresponding with a resonant frequeney designed at ~34.6 GHz. The NbTiN Glm is chossn as
o part of the resomtor munly for reducion of teo level system nose when wing phase readout. An m-ling X-skor
witennn locates in the middle of the resonator to achieve peak responsivity mod high THz absarption efficiency for
the detector. Our hyvbrnd K1Ds are fabricated on g 500-pm-thick ligh resistivity, silicon wafer, WBTiM film with a
thickness of 400 m 5 deposited first by DC-magnetron spattenme. Then part of the resonator 15 formed by pho-
tedathogeraphy ol resctive-ron etéling. The central pattern of the resonator s defined using ebectron beam Bithog-
raply overlay. Finally, a thin (65-nm thick) Al lyer is evaporated gsing an electron beam evaporator followed
by Lif-slT,

Thse detector ssnsitivity 15 charuetenzed by chunging the both termperatune m oo dark enviromment. Both a vecfor
netwark - anslyzer (VNAY and o homaodyne defection setup are wsel an the KITF measurements, The VRA i3 nsed
to mezasure framsmission coeMicients from which resonant frequencles ond quality factors can be determined. For
homodyne detection, the stgnnl from the generntor splits mto two branches. vio o directonal coupler, = 20 dB of
the-signul as one branch are coupled to the ervostst s probe tone for the KITY, The probe tone s beavily attensited
befure arraving to the KID, The readout gighal from the KID s amplified by the crvogenic low noie amplifier (LNA)
with i pmin of 40 dB across o brosd handwidth of 4 = & GHz and & noise temperature of ~1.5 K. Then it is foe-
ther amplified by g room temperaturs amplifier to o level appropriate for the [0 mixer The other branch serves as
i Jueal oseillator signal for the 10 miser, The demodulated iv-phase (1) and guadramire (0) signals gre then sam-
pled by an smidog e digital comverters (ADHT), Boh amiplimcde amd phise resdont are perfonmed, The measured
electrical noise equivalent power for phase rebdout is about 268 times;, 10%-T8 W HZ™ = L5 at 200 mk, This wl-
tra-sensitive K10, which enobies frequency domaon mulitpleximg resdout minmsically, is promismg for Ello-pixet

g matrimments in futire spoce based far-tnfrored ohsermvatones,
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ESIT2022-081%-4
End-to-end Design of Metasurface-based Complex-amplitude Holograms by
Physics-driven Deep Neural Networks

W Wi Panig Tang: Jengzhu Shsw; Tang Zhi; Xieogyu Zhao; Chongeshas Wa
Shanglu Jigo Tong University

Hologeams which reconstruct the transverse profile of light with complex-amplitude mformanen havie demonstrat-
ed more excellent performances with an mmproved signsl-to-neise ratio compared with those contaimimg ampli-
tude-only opd phase-only mtormation. Metasorfoces have been widely ubilized for complex-nmplitude holograms
eawn te ots capability of arbiteasy hght modulanon ar o sabwavelength seale which comvenmonal helographic
devices cannot achieve, Iterative Fourter-transform algorithms (1FTA ), such as Gerehberg-Sixton (G5) algonrthm,
play o domunant role in existing metasurface-hased hologmm designe, but can only generate phase-only hologram.
In the field of complex-amplitude holocmms, existing methods emiploy simele back-diffmction propagotion and
rely om the arifical blocks which ang able to imdependently ond completely confrol both amplitude and phase,
resulting in difficulty secking out a cluster of artificial blocks w meet the demand above, Here, we proposs an un-
supervisod physles-driven deep neural nétwork for the design of metasurface-based complex-amplitude holograms
using aritficial blocks with meomplete light modulation. This method, serving as o generative adversanal model,
anfegrates o newral network modile with o forvward phivseal propagation module and direcily miaps geometre pis
Farneters of the blocks e hodugraphic images for snsbto-end design, To general, the neural network moedule oper-
wbes a5 A generntor o produce feasible solutions (o geomeme paraicters cormesponding o the wrget holographie
images, and then the forward physical propoagation module, which serves as the discnmnator, models the forwand
progiss of holography and outputs rel reconstruciive imnges based on the feasible solubions, Loss between re-
consiructive imdages aod trgel images s ealculbated o drive the irnining process, A Y-shape deep neural network,
named Y-Met, 5 adopied as the neuml network module, The Y-Nel consists of one path as the encoder to capture
the disenminative features of target images, and two poths as the decoden for precise retneval of peometry param-
eters, Skip eonmechons wne empioved between eah of up- and down-samphnge residun] blocks 1o skip multi-senle
spaitaal mformiation from encoder to decoder and enhanee the high-resolution reconstruction, The forwand physical
propagation module first formulntes the phose and amplitude modulation as the function of geometne parameters
ol then recomstruces the helographie images usimg angulsr spectrum method. The proposed method con be treot-
ed s general design framework fooobisim s omay of design parameters ol different working wavelength, As an
illustration, nanocylinders are chosen as the amtificial blocks here, the beight and diameter of which are adopied
5 design porameters. Peak signal-to-noise ratio (PSNR) mnd structural simifarity (S5IM) are caleulated for holo-
graphic images’ gemeroted by finite difference ime domuin (FEXTD) simolstion. based on geometry parnmeter solu-
tons obtimed from the propesed method and G5 alporithm, respectively. G algorithm gets 12,7682 for PSKR
aned (L TRGY for S5IM, while the proposed method gets TE 1985 for PSNE amd (004233 for 350M, suggesting o bet-
ter perfornuinee with higher signal-to-poise eafio of the proposed method. For reconstruction efficieney, E6.72%
if clectne-ficld crergy in imamng pline 15 gathered o reconstrect the holographic mage, eompared with 39.41%
by G algonthm. The perfect reconstruction by the propesed method bas demonstraned that companed with gsing
complete blocks, an efficient utilization, association and cooperation of the limited artificial blocks can achicve
pptstanding holographic display as well Purthermaore, mone restricted controds of the meident lisht are adopred for
robustness best, indicating strong robustness of the method. The proposed method offers o real-tmie and robust way

torwvards lirge=scile weal holographie displys wath subwovelength resolunon,
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ESTT2022-0806-10
Versatile wavefront manipulations based on active transimissive metasurface

Chaotul Wang; Hexiu Xu'
Air Foree Engineering University

Recently, metasorfaces bave anracted considerable interest m EM mamipulation, whch exhibnz extrsordimary
pretentials e design EM funcoonal devices, However, maost state-of-the-arm mulnifusetionsl metadevices were de-
siened based on passive metssurfaces, which ooly cither work in reflection mede or single polunzation channel. [n
fact, 1t 1= still very chollenging w desigen reconfigurable metosurfaces in multi-poloczetion transmissive channels.
Here, we propose and demonstrste o reconfigurable metasorface to achieve vonows EM functions by modulabimg
transmitted phase in LP and CF chanpels, respectively. We employ sctive component PIN diodes-ingermed inte cru-
ciform metallio patterns to design the meta-atom. As 8 resalt, the wansmitted phases can be mantpulivted by chang-
ing the higs volimges imposed on these diodes. By aorefully engineering the input veltages, our neconfigurable
riiwtasirfavy achieves versatile EM finctionalities under different polanzations, meludmg angmalous deflections
with steered beams, angular mismentum generation, focusing leos, and even diffusive seatfering for incident LP
id CF wave, As o proof of coneept. 4 prototype composed of 12 &tmes; 12 mets-atoms s fabricated and mey-
surisd, Mumencal results hove a good agreement with experimental results, and demonstrate oll predicted dynom-
rcally shufted functions i mulb=polanzation chamnel at 7.4 GHz. Our proposed resonfgurable stategy provides a
way towards realizing reconfigurnble metadevices in trnsissive scheme, which promises potestial spplications in
arfelhigent devices and infegrated systems.

ESIT2022-0822-7
Encryption and decryption applicationson conductive films using THz near-field
real-time imaging system

Wei Zhang Cathong Zhong; XingCheng Xiong, Bowen Tong Da Teon; Shengson Yoog; Benwen Chen; Bipobing
Jin
Mamymg University
Temhertz (THz)imaging is one of the most impoemant npplications in the ficld of THz science and technology.
C'ompared with other imagmge methods, due o the chareterisiics of THe waves, THe imaging ¢an nondestrus-
tively oblam rich information ineluding the refraerive indes and elecinical conduetivity of the sample, which is of
greatsignificance in the figlds of biological tissue differentintion, mifitary security inspection,and rondestructive
ieating.
Traditional continuous-wave Thie source imaging cannslobtnin spectral imformation and the speed of poant-hy-
peint seannimgpulsed THe source imaging i slow, To achievehigh resolutionand high smaging speed, trlitional
aeanning imagingalso connot be applied 1o felds that require renl-time performance such-as Biomedical imaging-
which changefnss.
In order 1o shorien the imopme Ume and schieve real-time THzspectro imaging, X, C. Zhong et ol. proposed a
QR Quick BesponsedTHz beam imaging svsiem based on elecirs-opis sampling. Since this imaging methed does
nol Feqisne. poinc-by-point scanning, i grextly increases-the speed of THe pulsc imaging, making real-time THz
pulse imoging possible Thus, we built a real-time TIlz high-resolution speciral imaging system.And we use this
svstem Lo renlizemony applicatons such nsthe detection of encrvpled information in the Tz band.
Tl svstem con quiskly ond acevratelyvread the peneil writing in the paper ¢lip, and can distingisish the mixed pen-
cil eoating pattern from the hackground under visibde light. Compared with the teaditionn] THe-TIYS fest method,
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the results show the reliobility and soperiority of the TH2 imaging system

We also designed three coses of enerypiion via our systeme The first eneryption case 15 that we use pencils with
different conductivity to write ditfenent letters. The part written with 48 pencils 15 the confent we need to encrvp,
whirch canmor be recogmized by the optical photo with other pirts-wotien with 4H pencils, but ¢an be clearly de-
crypied by our system. The secomd case s that we use different conductivity pencils w write together without
superposition. The part with low conductivity ts the part we need to encrypt, whech can be gquickly ond clearly de-
erypted i the THr image. As o final example, we designed o structure: supenmposed on eoch other We used o QR
cody s 0 background pod wrode the mfomation that peeded 0 be enervpled oo pepeal with higher conductivity,
Lising our terahertz system for decryption, clear and quick resules have been achieved,

Sometimes, due fo environmental nodse or system nolse and other fetors: our THz mmoge SMB{sional-to-molse m-
tio) i low, so that the information detection i not pecurnbe, 5o we wsed a new way 1 neduce noise — using neural
etk architecture fo reduce nomse, We hive comnprebensively compaored T mafiire netwaork architectunes, and the
FFOMet (Fast amd Flexible Duenodsing Convilutiona] Mewral Metwork ) is the messt suitable setwork for our svstem,
It hay sehieved the highest level of noise redoction and S5IM{Structun] Simularty ), In addition, due o the limitu-
tron of the resclution of THz OCD camera, we use the newral network model to mmprowe the resolation of the ong-
il g, Comipared with the tradstsonal shgital smege processing method te improsve the resolution, if ean keep
thiz original imagee look snd feel as much s possible and obtan higher resolution



