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Investigation on fabrication technology of terahertz bandstop filter
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Abstract: The fabrication of a terahertz filter with -40 dB attenuation depth at the resonant
frequency of 130 GHz is presented, while some technical details during the procedures of evaporation,
lithography, development and wet etching are introduced. The error of the fabricated filter sample
is <+ 3 wm, which is acceptable by the investigation of the effect of machining errors on transmission
characteristics. The measured transmission response of the fabricated sample by employing free space
measurement setup is in good agreement with the design, which demonstrates the reliability and
robustness of the fabrication technology. Finally, the feasibility and improvements of the presented
fabrication technology applied to higher frequency devices are discussed. The presented technology
based on silicon substrate is helpful in integration development of electronics devices and photonic
devices.
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(a) top view (b) front view

Fig.1 Geometry of the proposed terahertz bandstop filter
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(a) substrate after cleaning (b) metal evaporation (c) photoresist spin
(d) lithography (e) wet etching (f) removing redundant

photoresist
Fig.2 Schematic diagram of microfabrication steps of the terahertz filter
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Fig.3 Different surface conditions after evaporation
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(a) even spin (b) uneven spin
Fig.4 Different results of photoresist spin
4 SeZIB R

TE 6 2 ot i v A T RN LR R A B P o A SO T £ AR AR 2L MLATO0, SR 300~1 200 mJ/cm? i A
[l BROGBR B, I3 0% 2200 BE R B0, AR AR B O BOR B i e ARG IR 2 O 700 mI/em® . 7E 5 Sk AR P A S
WHE K SIS ), f T T SR AZA00K , AL E o A TR B, MR 15%, R OR K, W
B, AU G2 JE Dl s R BROG AY EIE . 2R ad SRR LR, W E VR I D 2.14% B BN RR B K VA IACR B, BIAE 100 ml Y
AZA00K 52 WK rh fin 600 ml 7K ; #f E MY B I R 9 min 20 s, IS M EA R SR T2 BEHX L, Hik
564 LI WL (B2 8 min 40 s K& S TR IR I R X S, AT AVE A B, K S(b)h R A — 2625
AR R B A 58 BB

(b) partially-developed result
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Fig.5 Different developing results
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Fig.6 Etching result of substrate in ammonium persulfate etching solution
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Fig.7 Micromorphology of the fabricated filter sample
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Fig.8 Numerical study of the errors of the geometry parameters
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Fig.9 Schematic of free space measurement setup Fig.10 Measured and simulated transmission response of the fabricated sample
PO [ b2 I B R P10 5 A RE S B SO 7 2L AL v

4 £

ARG T il AR 130 GHz . IR IR JE 40 dB B9 KBR2EH BHLIE DL 28 (0N T T8, S TRAI IR T %
Bz WO T2 R ) — S AR R AR . i TR BB T ABRN LR S L
3 500 rpm 4 3 FEHE YR 60 s AT 3KAT 10 um JE RIS AR s e ARG 38 B2 8 700 ml/em?®, fifi FH VR B 2.14% 1% 8 12 B 7K
W 9 min 20 s RU R Al AR AR 20 1k i 1] R 10 min. 45 A DE DL SRR BB ORIN TR 25 <43 pm, ZiRE
Xof 9 U 7k e A R LR AT DL Z W o (A R R, A5 B T K R D A RE S A S 25 IR 5y A R — Bk
I, WAET AR TZMnTEEN . EARTAERR L, T 28 RIFAER IR LRIk 506 T8 4%k
A

2 Z 3k
[1] XA B AT . AR 25 k2 B A B HL R FH A0 2 [0 fB TR 4% K224, 2009,38(5):481-486. (LIU Shenggang, ZHONG

Renbin. Recent development of terahertz science and technology and it's applications[J]. Journal of University of Electronic
Science and Technology of China, 2009,38(5):481-486.)

[2] BER. 25 P78 100 GHz A AT A9 iy A [1]. B 25 B 73 AR, 2011(5):50-53. (LIAO Fujiang. Vacuum electron
device application at frequency above 100 GHz[]]. Journal of Vacuum Electronics, 2011(5):50-53.)

[3] SIEGEL P H. Terahertz technology[J]. IEEE Transactions on Microwave Theory and Techniques, 2002,50(3):910-928.

[4] DAVID J F,DURAND A J,MINEO M,et al. Design of a terahertz cascade backward wave amplifier[J]. IEEE Transactions on
Electron Devices, 2014,61(6):1715-1720.

[5]1 GRZYB J, HEINEMANN, PFEIFFER U R. Solid-state terahertz superresolution imaging device in 130 nm SiGe BiCMOS
technology[J]. IEEE Transactions on Microwave Theory and Techniques, 2017,65(11):4357-4372.

[6] BURFORD N M,EVANS M J,EI-SHENAWEE M O. Plasmonic nanodisk thin-film terahertz photoconductive antenna[J]. IEEE
Transactions on Terahertz Science and Technology, 2018,8(2):237-247.

[7]1 IVES R L. Microfabrication of high—frequency vacuum electron devices[J]. IEEE Transactions on Plasma Science, 2004,32(3):
1277-1291.

[8] OBERHAMMER J. THz MEMS-micromachining enabling new solutions at millimeter and submillimeter-wave frequencies[C]//
2016 Global Symposium on Millimeter Waves(GSMM) & ESA Workshop on Millimetre-Wave Technology and Applications.
Espoo,Finland:1IEEE, 2017:81-84.

[9] ZHUANG J,HAO Z,HONG W. Silicon micromachined terahertz bandpass filter with elliptic cavities[J]. IEEE Transactions on
Terahertz Science and Technology, 2015,5(6):1040-1047.

[10] JOYE C D,COOK A M,CALAME J P,et al. Demonstration of a high power, wideband 220-GHz traveling wave amplifier
fabricated by UV-LIGA[]]. IEEE Transactions on Electron Devices, 2014,61(6):1672-1678.

(T4 589 51)



