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Figure 1 (Color online) (a) Schematic design of the THz W-band resonator. (b) Simulation results of the THz resonator and through line
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Figure 2 (Color online) THz high-temperature superconducting resonator test setup. (a) Block diagram; (b) physical photograph
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Figure 5 (Color online) (a) Fabricated THz high-temperature superconducting resonator. (b) Test results of the THz resonator and through line at
4.5 K, with gold as the reference material for simulation. (c) Comparison between transmission characteristics of the THz resonator and simulation

results

D ~
o o

[6)]
Temperature (K)

o

S,1(dB)
£

N w
o o

_
o

94 9 98 100

Frequency(GHz)

92

Bl 6 (MR ()Y BCOTRIRAS L4 R BE IR A2 1L
Figure 6 (Color online) Temperature-dependent transmission
characteristics of the YBCO resonator

it

2454

T IR IR IR AN R 4L, FE9I2 L T 70 nm
JEYBCOISIR I 1E75~110 GHzI Be s ik, s
SL R R RE I K BFZX YBCOMSHR AR RAFFT T T B ZLILAY.
Har, IR RGEEMRE T A BRI AL S0 K
AFARE, RN . R LT LAy Tk
— AR GERE. B, SR ER T
AU E R (300 KU Sk e i S0
FERHIAHL, 7E50 84 KAL, SR AR 14 12 5
AP, LA NI 46 B LR N 1 R Ak Ak
HR, PP AT e300 KA
4 KM, DL NN S K, Rl
PR RGN ShASTE R SR e e, AL oot
B RLAR T AN 2% 2 T S R D i RS S
CEN=EE

B9 BT A YBCO M & o [ B 5 Be i ZE 4T 58 7 An 1L A bt 52 00 = 4R 6.



&
K

RPN

10
11

12

Siegel P H. Terahertz technology. IEEE Trans Microwave Theor Techn, 2002, 50: 910-928

Treuttel J, Lee C, Kooi J, et al. A novel 300-520 GHz tripier with 50% bandwidth for multi-pixel heterodyne SIS array local oscillator signal
generation. In: 2018 43rd International Conference on Infrared, Millimeter, and Terahertz Waves (IRMMW-THz), 2018. 1-2

Cooper K B, Dengler R J, Llombart N, et al. Penetrating 3-D imaging at 4- and 25-m range using a submillimeter-wave radar. [EEE Trans
Microwave Theor Techn, 2008, 56: 2771-2778

Gluck A, Rothbart N, Schmalz K, et al. SiGe BICMOS heterodyne receiver frontend for remote sensing with small satellites. IEEE Trans THz Sci
Technol, 2022, 12: 603—610

LiJ, Deng X, Li Y, et al. Terahertz science and technology in astronomy, telecommunications, and biophysics. Research, 2025, 8: 0586

Lou J, Jiao Y, Yang R, et al. Calibration-free, high-precision, and robust terahertz ultrafast metasurfaces for monitoring gastric cancers. Proc Natl
Acad Sci USA, 2022, 119: 2209218119

Makhlouf S, Cojocari O, Hofmann M, et al. Terahertz sources and receivers: from the past to the future. IEEE J Microw, 2023, 3: 894-912
Shi S, Li J, Zhang W, et al. Terahertz high-sensitivity superconducting detectors (in Chinese). Acta Phys Sin, 2015, 64: 228501 [52£E A4, Z=4, 5k
3, A MR R U RB LR SRINAY. PR, 2015, 64: 228501]

Day P K, LeDuc H G, Mazin B A, et al. A broadband superconducting detector suitable for use in large arrays. Nature, 2003, 425: 817-821
Jie H, Paul N, Faouzi B, et al. Development of MKIDs in the optical and near-infrared bands for SPIAKID. J Low Temp Phys, 2024, 214: 113-124
Zhang W J, You L X, Li H, et al. NbN superconducting nanowire single photon detector with efficiency over 90% at 1550 nm wavelength
operational at compact cryocooler temperature. Sci China-Phys Mech Astron, 2017, 60: 120314

Chen Z, Li Y, Zhu R, et al. High-temperature superconducting YBa,Cu;0;_s Josephson junction fabricated with a focused helium ion beam. Chin
Phys Lett, 2022, 39: 077402

Liang X, Ji L, Li T, et al. Synthesis of T1-2223 films, and their, microstructures, superconducting, magnetic, and microwave properties. J Alloys
Compd, 2024, 983: 173825

Pozar D M. Microwave Engineering: Theory and Techniques. Hoboken: John Wiley & Sons, 2021

Hesler J, Kerr A, Horner N. A broadband waveguide thermal isolator. In: 2003 International Symposium on Space THz Technology Digest, 2003

2455


https://doi.org/10.1109/22.989974
https://doi.org/10.1109/TMTT.2008.2007081
https://doi.org/10.1109/TMTT.2008.2007081
https://doi.org/10.1109/TTHZ.2022.3202032
https://doi.org/10.1109/TTHZ.2022.3202032
https://doi.org/10.34133/research.0586
https://doi.org/10.1073/pnas.2209218119
https://doi.org/10.1073/pnas.2209218119
https://doi.org/10.1109/JMW.2023.3282875
https://doi.org/10.7498/aps.64.228501
https://doi.org/10.1038/nature02037
https://doi.org/10.1007/s10909-023-03018-5
https://doi.org/10.1007/s11433-017-9113-4
https://doi.org/10.1088/0256-307X/39/7/077402
https://doi.org/10.1088/0256-307X/39/7/077402
https://doi.org/10.1016/j.jallcom.2024.173825
https://doi.org/10.1016/j.jallcom.2024.173825

M4 EF LB O2006F48 FT71E LB

Summary for “JKHf 2535 Bt = AR FARAE St RAE R 407

Characterization system for terahertz-band transmission
properties of high-temperature superconductors

. 12 - 1% . 12 1 . .1 . 1 -1 . .1
Siyuan Zhao *, Jie Hu , Qiang Zhi **, Jiangqiao Ding , Kangmin Zhou', Dong Liu’, Wei Miu,
Jie Yuan®, Shibing Tian’, Jing Li' & Shengcai Shi'

' Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023, China
2 School of Astronomy and Space Science, University of Science and Technology of China, Hefei 230026, China

® Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China
* Corresponding author, E-mail: jiechu@pmo.ac.cn

The terahertz (THz) frequency range is a vital window for modern astronomy, rich in atomic and molecular transitions that
reveal the physical conditions of the interstellar medium and trace key stages of galaxy evolution. Superconducting
detectors offer the sensitivity required in this band, but current systems rely mainly on low-temperature superconductors
(LTS) such as aluminum, niobium, and niobium nitride. Their required operating temperatures below 4 K necessitate bulky
and power-intensive cryogenic systems, greatly limiting the scalability and deployment of large detector arrays, especially
for space missions or remote observatories.

To overcome these limitations, this work investigates copper-based high-temperature superconductors (HTS), focusing
on yttrium barium copper oxide (YBCO). With a critical temperature over 90 K, YBCO devices could, in principle, operate
with simpler liquid-nitrogen cooling, reducing system complexity and cost. Here, we evaluate the conductive loss
characteristics of YBCO thin films in the W-band (75-110 GHz), an essential step toward developing practical HTS THz
detectors.

We fabricated half-wavelength microstrip resonators from YBCO thin films grown on magnesium oxide (MgO)
substrates and developed a dedicated waveguide-coupled measurement system operating from 4.5 K to 120 K. The setup
combines a terahertz vector network analyzer with a closed-cycle 4 K cryocooler. Stainless-steel waveguides with gold-
plated interiors were employed and thermally anchored to balance transmission loss against heat conduction. A custom
vacuum-seal flange with a thin Mylar membrane maintained the cryogenic vacuum while permitting efficient THz
transmission. The measured insertion loss of the complete system was approximately 12 dB across 90—105 GHz.

Initial measurements at 4.5 K showed clear resonance peaks whose frequencies agreed well with simulations. The
extracted unloaded quality factor (Q = 140) was comparable to gold resonators tested under identical conditions,
confirming the basic operability of YBCO in the W-band. A pronounced temperature dependence was observed: the O-
factor remained stable between 4 K and 10 K but degraded rapidly above 30 K, indicating strong high-frequency loss
mechanisms that differ from microwave behaviors and are not explained by the YBCO energy gap alone.

In summary, this work establishes a robust methodology for characterizing HTS thin films in the millimeter-wave regime
and demonstrates the initial feasibility of YBCO resonators at W-band frequencies. The results provide essential insight
into temperature-dependent losses and lay the foundation for future optimization of YBCO film quality, fabrication
techniques, and resonator design, with the long-term goal of enabling practical, high-performance HTS THz detectors.

high-temperature superconductors, YBCO, resonators, terahertz
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