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Preparation of flexible low-loss ABS/Ag-coated terahertz hollow
waveguide by plasma treatment and study on its transmission
reliability

LIU Sheng, SHEN Yuan-Jie, HOU Guang-Ning, ZHA Zhi-Peng, ZHU Yi-Zhen, YU Shuo-Ying,

ZHANG Qing-Tian, ZHAO Qiang, LIU Shao-Hua, JING Cheng-Bin", CHU Jun-Hao
(Engineering Research Center for Nanophotonics and Advanced Instrument of Ministry of Education ; School of
Physics and Electronic Science, East China Normal University, Shanghai 200241, China)

Abstract: The performance of the ABS/Ag-coated terahertz hollow waveguide (HWG) was improved through plasma
treatment of the ABS structural tube. The adhesion of the silver (Ag) film to the ABS tube was enhanced from level 5 to
level 2 after plasma treatment. The 4. 2 mm bore waveguide sample treated with plasma has a more uniform and denser
silver film than the untreated sample, which contributes to the reduction of transmission losses from 0. 72 to 0. 70 dB/m
at 0.3 THz and 1. 47 to 1. 44 dB/m at 0. 1 THz, respectively. After 200 hours of hydrothermal aging and 16 cycles of
high and low temperature cycling testing, the straight loss of the HWG sample treated with plasma increased by less
than 0. 1 dB/m, while the untreated sample underwent an increase of more than 1. 0 dB/m. The results indicate that the
ABS/Ag-coated HWG fabricated by plasma treatment has lower loss, higher reliability and better anti-aging perfor-
mance compared with the untreated sample. It can be potentially used for establishment of next-generation communica-
tion, sensing, and THz imaging systems.
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and low temperature environments respectively )

Schematic diagram of transmission loss test of waveguide samples (the insert figures show the methods for creating high
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Fig. 2 Microscopic morphology of the silver reflective layer: (a), (¢) ABS structural tubes have been plasma treated before de-

positing the silver layer; (b), (d) ABS structural tubes have not been plasma treated before depositing the silver layer
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(a) The bending transmission losses of the 3. 2 and 4. 2 mm- waveguides at 0. 1 THz; (b) The bending transmission losses
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Fig. 5 Transmission stability of the two waveguide samples with and without plasma treatment in hot and cold environments
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Fig. 6 (a) The variation curve of the transmission loss of the waveguide sample with the hydrothermal aging time; (b) The varia-

tion curve of the transmission loss of the waveguide sample with the number of high and low temperature cycle aging tests



X LT 5N 5 B K k2

XX &

S 2% Tk

(1] Shaghik Atakaramians, Shahraam Afshar V., Tanya M.
Monro, Derek Abbott. Terahertz dielectric waveguides [1l.
Advances in Optics and Photonics, 2013, 5(2): 169-215.

[2] Muhammad Talal Ali Khan, Haisu Li, Nathan Nam Minh
Duong, Andrea Blanco-Redondo, Shaghik Atakaramians.
Terahertz Waveguide: 3D-Printed Terahertz Topological
Waveguides [I]. Advanced Materials Technologies, 2021, 6
(7): 2170040.

[3] ANG Chang, ZHENG Yonghui, TAN Zhiyong, HE Xiaoy-
ong, CAO Junchen. Recent advances in terahertz wave-
guide [J]. (Journal of Terahertz Science and Electronic In-
formation Technology ( FA&, MM, AT 55, M55,
BRI . K22 R RIDIR S R Kt ZRZ 58
FEEFIR)), 2022, 20(3): 241-260.

[4] Alessio Stefani, Jonathan Henry Skelton, Alessandro Tu-
niz. Bend losses in flexible polyurethane antiresonant tera-
hertz waveguides [J]. Optics Express, 2021, 29 (18) :
28692-28703.

[5] R. Wallis, R. Degl Innocenti, D. S. Jessop, O. Mitrofanov,
C. M. Bledt, J. E. Melzer, J. A. Harrington, D. A. Ritchie.
Investigation of hollow cylindrical metal terahertz wave-
guides suitable for cryogenic environments [J]. Optics Ex-
press, 2017, 24(26) : 30002-30014.

[6]Yi Zhong, Guoxing Xie, Feng Mao, Jun Ding, Fangyu
Yue, Shaoqiang Chen, Xuehui Lu, Chengbin Jing, Junhao
Chu. Thin—wall cyclic olefin copolymer tube waveguide for
broadband terahertz transmission [J]. Optical Materials,
2019, 98: 109490.

[7] ZHANG Xue—Wen, TAN Zhi—-Yong, CHEN Ke-Wang, LI
Wei—Xuan, ZHAO Ze—Qiao, YU Shu—Yuan, ZHU Xiao—
Song, CAO Jun—Cheng, SHI Yi-Wei. Transmission charac-
teristics of dielectric—coated metallic waveguides in G band
and 4.3 THz [J].(Journal of Infrared and Millimeter Waves
(BK23C, A B, BRVTRE, ZR4EFF, &XETY, ardFoc,
IR, BRI, A2 A A R S A G B
4.3 THz B A5 1k LM 5= RIKFEHM) ), 2019, 38
(2):215-222.

[8] Shuai Li, Zijie Dai, Zhiguo Wang, Pengfei Qi, Qiang Su,
Xiang Gao, Cheng Gong, Weiwei Liu. 0.1 THz low=loss 3D
printed hollow waveguide (7. Optik, 2019, 176: 611-616.

(9] Menghui He, Zhangxiong Chen, Jiafu Zeng, Kewang
Chen, Sheng Liu, Xian Zhang, Xiaosong Zhu, Chengbin
Jing, Chao Chang, Yiwei Shi. Design, fabrication, and
characterization of a single—polarization single—mode flexi-
ble hollow waveguide for low loss millimeter wave propaga-
tion [J]. Optics Express, 2022, 30(6): 10178-10186.

[10] C. M. Bledt, J. E. Melzer, J. A. Harrington. Fabrication
and characterization of improved Ag/PS hollow—glass
waveguides for THz transmission [J]. Applied Optics,
2013, 52(27): 6703-6709.

[11] Bradley Bowden, James A. Harrington, Oleg Mitrofanov.
Silver/polystyrene—coated hollow glass waveguides for the
transmission of terahertz radiation [J]. Optics Letter,
2007, 32(20): 2945-2947.

[12] Menghui He, Jiafu Zeng, Xian Zhang, Xiaosong Zhu,
Chengbin Jing, Chao Chang, Yiwei Shi. Transmission and

imaging characteristics of flexible gradually tapered wave-

guide at 0.3 THz 1, Optics Express, 2021, 29 (6) :
8430-8440.

[13] Xuehui Lu, Chengbin Jing, Junhao Chu, Zhigao Hu, Li-
anwei Wang, Meng Yao, Guoxing Xie, Changkun She,
Sheng Liu, Shuoying Yu, Xiaomei Xing, Ya Cheng. Flexi-
ble ABS hollow waveguides with an inner copper coating
for terahertz transmission [J]. Optics and Laser Technolo-
gy, 2022, 148: 107700.

[14] James A. Harrington, Roshan George, Pal Pedersen, Eric
Mueller. Hollow polycarbonate waveguides with inner Cu
coatings for delivery of terahertz radiation [J]. Optics Ex-
press, 12(21): 5263-5268.

[15] Miguel Navarro—Cia, Jeffrey E. Melzer, James A. Har-
rington, Oleg Mitrofanov. Silver—coated Teflon tubes for
waveguiding at 1-2 THz [T]. Journal of Infrared, Millime-
ter, and Terahertz Waves, 2015, 36: 542-555.

[16] Guoxing Xie, Yi Zhong, Guishun Li, Changkun She,
Xuehui Lu, Fangyu Yue, Shaohua Liu, Chengbin Jing,
Ya Cheng, Junhao Chu. 300 GHz bending transmission of
silver/polypropylene hollow terahertz waveguide [J]. Re-
sults in Physics, 2020, 19: 103534.

[17] Sheng Liu, Guoxing Xie, Guishun Li, Shuoying Yu, Xue-
hui Lu, Fangyu Yue, Shaohua Liu, Chengbin Jing,
Cheng Gong, Junhao Chu. Transmission and Confocal Im-
aging Characteristics of Bendable ABS/Ag—Coated Hollow
Waveguide at Low THz Band [J]. IEEE Transactions on
Terahertz Science and Technology, 2023, 13 (3)
193-199.

[18] David Gravis, Grégoire Rigolé, Mayssa Yengui, Wolf-
gang Knapp, Jean—Frangois Coulon, Fabienne Poncin—
Epaillard. Enhancement of metal adhesion, owing to the
plasma texturing of PEEK [J]. Plasma Processes and Poly-
mers, 2021, 18(6) : 2100009.

[19] Juana Abenojar, Rafael Torregrosa—Coque, Miguel Angel
Mantinez, Jose Miguel Martin—Martinez, Surface modifi-
cations of polycarbonate (PC) and acrylonitrile butadiene
styrene (ABS) copolymer by treatment with atmospheric
plasma [J]. Surface and Coating Technology, 2009, 203
(16), 2173-2180.

[20] Rébert Boros, Ageyeva Tatyana, Adam Golcs, Olga H.
Krafesik, Jozsef Gabor Kovacs. Plasma treatment to im-
prove the adhesion between ABS and PA6 in hybrid struc-
tures produced by injextion overmolding [ J]. Polymer Test-
ing, 2022, 106: 107446.

[21] Greg D. Learn, Emerson J. Lai, Horst A. von Recum.
Nonthermal Plasma Treatment Improves Uniformity and
Adherence of Cyclodextrin—-Based Coatings on Hydropho-
bic Polymer Substrates (7. Coatings, 2020, 10 (11) :
1056.

[22] Mitsunobu Miyagi, Shojiro Kawakami. Losses and phase
constant changes caused by bends in the general class of
hollow waveguides for the infrared [J]. Applied Optics,
1981, 20(24): 4221-4226, 1981.

[23] Pallavi Doradla, Cecil S. Joseph, Jayant Kumar, Robert
H. Giles. Characterization of bending loss in hollow flexi-
ble terahertz waveguides (1] Optics Express, 2012, 20
(17): 19176-19184.

[24] Shashikant G. Hegde, Suresh K. Sitaraman. Thermal Ag-
ing Reliability of Package—Level Polymer Optical Wave-



XX ] X A AR R A SR A AR FE ABS/Ag KM 2% 25 i 3 B H AR T SEMERIF AT

guides [J]. IEEE Transctions on Advanced Packaging , 2008, 31(2): 410-416.



