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Design and research of THz waveguide fixed attenuator

LIU Changchun1 , ZHAO Jianbo', ZHANG Taotao’
(1.The 40th Institute of China Electronic and Technology Corporation, Bengbu Anhui 233010, China;
2.China Electronics Technology Instruments Co., Ltd, Qingdao Shandong 266555, China)

Abstract: With the rapid development of THz technology, the waveguide attenuator used in THz
system has also become a hotspot. The THz waveguide attenuator can accurately attenuate and control the
power transmission, which shows special significance and plays an irreplaceable role in solving the
problems of loss, radiation and interference. The current waveguide attenuator would destroy the wave
guide transmission line and result in the RF leakage because it places the attenuation plate paralleling to
the electric field. Based on the principle of the absorbent waveguide attenuator, a waveguide attenuator
with the attenuation plate perpendicular to the electric field is proposed. The attenuation plate is attached
to the inner wall of the waveguide. The waveguide attenuator is realized and optimized by using the HFSS
software and changing the shape, position and other parameters of the attenuation plate. The return loss is
less than —=27.5 dB in 110-170 GHz, and the attenuator accuracy is less than £2 dB in the attenuation of
20 dB.

Keywords: THz; fixed attenuator; Voltage Standing Wave Ratio(VSWR); attenuator accuracy

K22 W B AT AT E . BORE | e R . AR, Jr bR . R AR . BRI, ST
R, ROMF2Z D AE 8 BORGE N . Ok . BT TEE . KRR S . RIEEAE L A OK P A AR PR I L Kk
ZZMIR ARG . KB 2Z ARG . o 25 AU H AT R B U0 B R R B 0 TG 5, R 2% HR & 2 N 45
FEl A 5 B A o B X DR 2% BOR T B AN BT, X R 2% JC IR 1 1O 5 R H 453000, X PRS- th 1
(R . RO 2% JC IR AR 1 B i A R G MERE . BRI 2 B0 2 i et

R 2 1 35 0 e ) T Y R A ) RO 2% A S IO R R, X A S S B RE R, R T A A
ARG AAG I, N RER NG SR, BHLEE RS P S o G s mAe, Es . K.
FL 1 S5 A I B A S A Sl AR 48 A AT Iz T

Wi BEHET: 2020-11-09; EEIHEH: 2021-01-25



% 6 AZBMFEERTFERER 964

1 K#FZZ K-S B E R B 25 it R
11 SRR SEHRREE

B AR RRGE . KW RGP . HIL BT A BB L 5 8 17) LRG3 (TEM) B 5 H A% 4 485 50 mT 20
HL(TE) P AR L (TM) B PR e, HALRZ MK, S — M0 R A B RE, FUA AR & T AR R
WA AL . eI T b B TE B8, JSAA b BR/NTYH a, Bl b<a, WA 1. K 2 fis.

chEm zﬁ (D
Acte,, =2@ 2)
RH: fop, K TEo MIGHUESIR; Ay, H TEo BIOTIEIEK ; @ BB RAKE; o WEBEHE; & WHN

JRA) S LR

2
Fig.1 Diagram of rectangular wave guide Fig.2 Current density distribution of rectangular wave guide TE,
1 AR ISR 2 SRS TEo M 85 B 4011
1.2 R ik S R =8 TERE

82 5 T DR AN 3 e e BEL VR AR 2 AL Sy i R AU S B R U X T G B R A, RN T AT T
Y7 CE 1 A EA —E R R ROR, R SEBUE IR I RE o N A BRE M R B A R A — 2 B R R,
Jv LA HC A T ) PR D P 7 U0 e a, R AE G SR AR U, R SR H AR O DU B R AU R . R
P ) VAR LW, AT LA A5 A R U R 5 ) T Y e P

Mz e 228 5 3 e T LA 20 O [T S8 ORI AT A2 2o S8 IR 339 P- AT T AL 0 1) i, FG v [0 e Ol e 9 3 0
o E AT AR RE AN AR i g A R e A T LA i A% Sl AL R A e e A B o e AR, R 6 S B R g Y ek
A5, GniE 3 FE 4 TR

Z Z E
i&l l#i 2
N
E 4 attenuator \
/ 3 |
Z y y
Fig.3 Electric distribution of rectangular wave guide Fig.4 Diagram of rectangular wave guide fixed attenuator
3 FEIE IS A P 4 S I8 E e mlas s 2K

2 KREBRAERBHRNRITEHE

HT T B 1) e I R A A T T AT TR B A B S N, BOR TR B A A i e R, A
Dy 3 W AR B, O R e 1] P AR AF R A o T X v AR I S AAT A A R S R AT AR, Anf&l 5 A 6 B
N, G EF AT LUE B, YRR S A AR AR BT, Il AR A, a7 R

Fig.5 Rectangular wave guide

AN Fig.6 Rectangular wave guide with gap
s R Bl 6 HEEBRIEIEN S



965 MKEEF: AHZKSEERBIRAIEIT %19 %

PRI AR S T R e 0 S el TR DR, R T — b e 2 BT R U S R 0 D R v, R
B ZE R U T S N BERY SEIL b, R SR, B RIABOR T M e AR H R, i 8 R .

0
slotted rectangular waveguide
20 F | / | e
AaVa'a ann \
L)
-40 . attenuator
aa] standard rectangular waveguide
s “a
o - e~ !
Rl IFAYR SoUC R R
NNy N T !
A vy i
-80 [ty ¥ !
[ ' Fig.8 Diagram of rectangular wave guide fixed attenuator
o , , Rl 8 9l [ SR R T
110 120 130 140 150 160 170
f/\GHz
Fig.7 Simulation comparison
Pl 7 {5 Xt

2.1 FEEEM PR
2.1.1 £ F oK
A XTSI REARMEGE . TR ORI SRR R EESA R K . B oAy E N AN R R g e
A ALO,. BeO. AIN. SisN,. SiC %P 3 JURP M & 5L A B9 FEAPERE IR 1 Fias. BT A1,05 Fig %3k H A HLHL
PEREL, MMRIAFEAR, 4Py, MUK REUN, THEREL, DI A1,0, M % 58 F 7 58 kL.
Fe 1 JURDH PR 2 36 P bR B

Tablel Properties of several commonly used ceramic materials

performance 99.5% Al,O5 BeO AIN SizNy SiC
density/(g/cm?) 3.90 2.90 3.25 3.18 32

coefficient of thermal expansion/(x10°%/°C) 7.4 7.5 4.4 3.2 3.8
thermal conductivity/(W/(m'K)) 30 250 260 40 270

dielectric constant/MHz 9.7 6.7 8.9 9.4 40

dielec loss/Hz(x10™) 1 4 3-10 = 500
resistivity/(Q:m) >10" >10" >10" >10" >10"
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