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Design and experimental results of 0.23 THz molecular clock cavity
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(Institute of Applied Electronics, China Academy of Engineering Physics, Mianyang Sichuan 621999, China)

Abstract: A design method and experimental resulis of the low loss terahertz cavity used in
terahertz molecular clock are introduced. Physical simulation design and structure design of teraheriz
cavity are carried out by CST. Through simulation and optimization, the miniaturized terahertz cavity
structure with the reflection coefficient S,; less than —10 dB is designed in the range of 230 GHz +
10 GHz. The fabrication of terahertz cavity is completed by using the existing processing technology. The
reflection of the cavity in G band is less than —10 dB and the transmission loss is less than =5 dB, which
lays the foundation for the development of terahertz molecular clock.
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Fig.1 Structural model of gas cavity Fig.2 S, diagram of optimized cavity
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Fig.3 Non-metal material structure of total cavity
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Fig.4 Calculation results of gas cavity reflection coefficient
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Fig.5 (a) 3D structure of terahertz cavity and (b) photo of terahertz cavity
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Fig.6 Test results of terahertz cavity by vector network analyzer

6 R ga i MRS R EEAEE, AR S EEsH)

s

=A

®

A o 0 AT AR 2% 2 B ER R 20 ) AR ARG S DT 4 R R 2% AR I B R, SRS I O U R M LA A T
e — LA /N RS, JTRE TR0y et Kttt d@ak gy Bkt th 230 GHz+10 GHz i i, [ 5¢
FHLS, /N T =10 dB f /N BUAL R 2% RS54 o R BRAT B0 B R S8R0 T R 22 AR i T 5 0 &, JF TR T
W TAE, LT A NS, /NT-10 dB, EHBFEL T -5 dB S MRS R, 5 80 1 M 2% 43 7 B (9 AF ) 28

FE T A



552 W] B Z%. 023 THzH FHhiR gt 5588 169

S k-

[1]

[2]

GARDNER A T,COLLINS J A. A second look at chip scale atomic clocks for long term precision timing[C]// IEEE OCEANS
2016 MTS/IEEE Monterey. Monterey, CA,USA:IEEE, 2016:1-9. doi:10.1109/0CEANS.2016.7761268.

BER . BERSCHE IR IESE 50 4E )], th E BB 1R SCH 4E T, 2007(28):142-150. (ZHAI Zaocheng. Teh atomic
frequency standard research at Shanghai astronomical observatory in 50 years[J], Annals of Shanghai Astronomical Observatory
Chinese Academy Sciences , 2007(28):142-150.) doi:CNKI:SUN:KXTW.0.2007-00-026

QIAN Z,CHOI W,MILLER C,et al. A 210-t0—-305 GHz CMOS receiver for rotational spectroscopy[C]// 2016 IEEE International
Solid-State Circuits Conference(ISSCC). San Francisco,CA,USA:IEEE, 2016. doi: 10.1109/ISSCC.2016.7418089.

WANG C,YI X, MAWDSLEY J,et al. An onchip fully electronic molecular clock based on sub-terahertz rotational spectroscopy[J].
Nature Electron, 2018,1(7):421-427. doi:10.1038/s41928-018-0102—-4.

WANG C,YI X,KIM M,et al. A CMOS molecular clock probing 231.061 GHz rotational line of OCS with sub-ppb long-term
stability and 66 mW DC power[C]// Symposia on VLSI Technology and Circuits. Honolulu, Hawaii, USA:[s.n.], 2018. doi: 10.
1109/VLSIC.2018.8502271)

WANG B,PERKINS Z,HAN R. Molecular detection for unconcentrated gas with ppm sensitivity using 220 to 320 GHz dual-
frequency-comb spectrometer in CMOS[J]. IEEE Transactions on Biomedical Circuits & Systems, 2018,12(3):709-721.

JASR T AR A 7L L 0.22 THz 3T & 0 AT A IR 1T I, K26 R4 5 i 715 B 53, 2014,12(2):166-170. (ZHOU
Quanfeng, XU Ao, YAN Lei,et al. Study of designing 0.22 THz folded waveguide traveling wave tubes[J]. Journal of terahertz
Science and Electronic Information Technology, 2014,12(2):166-170.) doi:10.11805/TKYDA201402.0166.

LB SO AR, A L 140 GH SEAH 7 I BT E R SRR [T]. R 26 R 15 1L 705 B 274, 2018,16(2):187-190. (JIANG Yi
LEI Wenqiang, HU Linlin,et al. Design and experiment study of 140 GHz broadband window[J]. Journal of Terahertz Science
and Electronic Information Technology, 2018,16 (2):187-190.)

TS AL B T 2B H08MY D WeBETI GR BT MBI, ACBRRRY S 50 T3 B, 2013,11(6):853-856.
(LEI Wenqiang, JIANG Yi, HU Linlin, et al. Analysis of pill-box window for D band TWT considering process parameters
influence[J]. Journal of Terahertz Science and Electronic Information Technology, 2013, 11(6): 853—-856.) doi: 10.11805/
TKYDA201306.0853.

EEE N

% Z(1985-), B, g AN, mEiEE LA, B (1986-), B, FUR, ETEHFI AN K

RIORSE B, 2 BERT T 05 ) g K 2% Ht 25 45 #F email: 2B S R AR .
babyjjoy@163.com.

OE®RA0981-), B, Ht, s, ETERN

BXRA973-), B, Wb, RO, RIS Ti) Sy 1o D) AR AR S A 2% P LS B 1

7 1) S K 25 v A AR

BRME®(1971-), B, WA, #FEs, EEMEr

B OBB(1985-), H, 4, RIS R, FER [7] A7 125 ) AR B A 2% rL LS B4
J7 1) Sk K 25 L B R A ‘
& BE(1969-), B, i, M, EEMRRA
R OBE984-), B, Wi, MRS, EE [7] A7 125 ) ZRAH I B A 2% rL LS AR A

FETT 1) 0 R 25 v s 2 A



