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Fig. 1. Frequency dependent relationship of skin depth of

five common metals in the terahertz band.
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Fig. 2. Schematic diagram of terahertz waveguide transmission characteristic testing system.
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Fig. 3. Time domain transmission characteristics testing

system for terahertz waveguides.
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Fig. 4. Physical image of copper wire sample: (a) Copper

wire samples of different lengths; (b) copper wire samples of
different diameters; (c) copper wire samples of different
ports; (d) double copper wire sample.
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Fig. 5. Terahertz time-domain signals transmitted by cop-

per wire samples of different lengths.
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Fig. 6. Time domain signals of terahertz signals transmit-
ted by copper wire samples with different diameters: (a) Time

domain signal; (b) signal phase shift diagram.

3.3 EEZLWmORSIEEFEN I
TEH 454 SR AR D SRR LT 2 fdi P B 11 BT 41

W2, 78 5 U] I SR PRAR i 11 SR v, AR A

FIfA, AN 4(c) FiR. IFoE AR 15 2 0

IR 25 A E A e 3 1T A A 7 L I ISR, 73R
LS W ARTT I 2 I 1Y) i 1 £ 55 R 22 AT
FRY AN AL D] 2 S S T 7 £ BT % i #) A 8 2% I SR AR
W, TR L. PRREZE BT I AR AR BE R
35 mm, —HGE 4h v 10 8 AR BT URAS, o5 — M
2Ry i 1200 HEVARHEAT 1 5800 BEF, L
DRI S THTF-BE T, PIARRZE A4 e S TR P 14T 1
PR AR

0.04
0.02 +
>
~
g 0
[
5
< —0.02F
(o]
E
= —0.04}
—0.06 |
8
Time/ps
0.04
0.02 +
>
~
g 0
]
5
< —0.02F
(&)
£
= —0.04}
—0.06 | -
e, 3 om R
80 82 84 8 88 90 92 94 96
Time/ps
100
—— 1.6 mm-35 mm-"F¥ji (c)
80— 1.8 mm-35 mm-Fifi
—— 1.6 mm-35 mm-¥i
= 60— 1.8 mm-35 mm-23i
g
~
& 40 +
<
w
o) 20+
17}
£
A 0
—_o0p
_40 1 1 1 1 1
0 0.5 1.0 1.5 2.0 2.5 3.0

Frequency/THz

Bl 7 Al FORERZAE S R R G S5 () B
#241.6 mm FALALH IR ZZ I IRE S5 (b) B2 1.8 mm
R A2 i 19 A 2 I AR 5 () P Rl i 11 A% i 199 K
25 1 AR RS

Fig. 7. Terahertz time-domain signals transmitted by cop-
per wire samples with different port states: (a) Terahertz
time-domain signals transmitted by copper wire with a dia-
meter of 1.6 mm; (b) terahertz time-domain signal trans-
mitted by a copper wire with a diameter of 1.8 mm; (c) tera-
hertz time-domain phase shift in copper wire transmission

with two different ports.
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Fig. 8. Terahertz time-domain transmission characteristics
of bimetallic wires: (a) Sample state during testing; (b) tera-
hertz time-domain signals transmitted by bimetallic wire

lines.
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Fig. 9. Mode field distribution on the cross-section of a metal wire with a radius of 400 m: (a) E, distribution on a circular cross-sec-

tion; (b) E, intensity distribution; (¢) E, intensity variation curve along the radial direction.
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Fig. 10. Distribution of surface mode field area of metal
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Fig. 11. Transmission characteristics of elliptical metal lines: (a) Mode field distribution of elliptical metal lines; (b) trend of quality

factor changes.
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Fig. 12. Transmission characteristics: (a) Quality factor
variation curve of elliptical metal wire with constant cross-

sectional perimeter; (b) mode field area variation curve.

4.2 WEB&EEFESHT

X% fin £ 7 38 {5 15 i DA S D A S gt i
N H, M PAR A A ] 0 4 Jm 2 iR s s i, HLER
T 45 5 W e HAT WU FE IG5 25 i R AR A A 35
e A AR b AT IR S W R, BRI SCIR
K% I8 3] 4 5 3R 1T 45 B BT Y R AIGI A
IUAE A 2% 15 i sk gl )1z i B3 R 2
X A %% A4 i U T AR SRR A T T B AT
far A 281 P T] 245 DA S AR WU 2R T 4 J& 2 T 4
B WOT IR R EMEREHEAT 0BT, BT P4 I
B ST 1H 2 A 4 R 2R AR AR I R o A i U5k
K. AR 4 BRI T o Jy Il AR DA K\ A 5
f- iy B A5 AR A 38 2 A e S TR A% iy A 90 A1 1 450
RAEMUE ) SRR e AR R AR A HER AT A

JREW T I R, R BROTIT I v e R
LA NP 13 Bos, Hh s @il h R Lk,
ai, Gz AR 4 B 2k @ 5 o) Eﬁ*%ﬁ’g, b1, by
O3B IR G SR 2 y O7 18] BRI, by /ay A
ki, bafag F ke, PIRAEIRLEIE N d = (ks — 1)(a1+
ag) , Horp ks >1, 2 UK EAE RIERTPI&JE

S HiE SRS INES
A
SHE

Yy
L.
P13 g 2l e s 2
Fig. 13. Model of bimetallic waveguide.

Wk 14(a) B, 25 ky AR, BRI @2t
PREY dAAZ, 2 Ky, by BTSN, 4 Jm 2R A
TET A 1) 630 TP 3 22 S 1 O 630 T, A2 374K
(H A7 IR S 4 ], 5 PR 94 < J 2k Ao
Yo A AT

I IR R A O R RS AR, 2k = ko =1
I, BIVG Jm 2 AR a2 N R AT, X by EAT 25
A4, BSCR EIEE o, B35 70 A AP 14(b) iz,
HPE R B RGN, R E TR PIAR
IR, B R AR B AR, 4R AT A5
WOT F LT ATE AR & IR LA AR iy —M, HLAR
Yotk BE B 5. Y PIR G R BRI AR a1 = ao
= b1 = by = a = b, ZBJEB T N A
K 14(c) R4 BB 1 L BEANAR, I A1
T ELAR AT I AR A . I ) AR
M 0.5 mm HEHNE] 0.7 mm B, FBEI7 58 B2 Wi,
IR R AF B HOTH R RE SR, X —Bg 5
LHZR—EL

5 % @

VIR R S el e 4 & i bl e TR B e
BT R 25 I O AR G R TR A 2 T e
FRPEIO R, HRAEAS [ 68 SRR R 2% I Bt
JORTREE e 60 1 B R U, MR JE | AT+
TSR T AR A T, IR A i
RIAFEHOCHAEM R, e R AR A RN R

114203-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 11 (2024)

114203

(a) k1=0.5, ky =05, ks=1.5
X103

H;:Z =

(b) ki=1,ky=1 k;=15

Kl 14 WE R g i

k=1, ko=1, ky=1.5

klzl, kz:l, k3:3

x 103
1.0 600
0.5 . 400 . 400
' 200 200

(¢) a=b=0.5 mm, d=3 mm

a=b=0.7 mm, d=3 mm

-Q

(a) W4 )@ L it U 2B Ak (b) WA 8 LR S BE B AR Ak (o) WA IR k28 Ak

k=2 ky=2, ky=1.5

X103

1.0
0.5

x 103

H::Z o

k=1, ky=1, ky=4.5

a=b=0.9 mm, d=3 mm

X103
800 1.0
600
400 0.5
200

Fig. 14. Distribution of mode field in bimetallic waveguide: (a) Half axis variation of cross-section of bimetallic waveguide; (b) dis-

tance variation of bimetallic waveguide; (c) changes in the radius of bimetallic waveguide.
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Experimental study and simulation analysis of transmission
characteristics of terahertz metal wire waveguides®
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Abstract

Terahertz waves are between microwave and infrared, and currently, terahertz waves are mainly
transmitted in free space. Metal wire waveguides have been widely studied due to their outstanding
transmission characteristics such as low loss and low dispersion. In this study, copper wires are selected as the
research samples based on the skin depth of terahertz waves on different metal wire surfaces. An adjustable
metal wire waveguide transmission characteristic testing optical path is studied based on the terahertz time-
domain spectroscopy system. The time-domain signals transmitted through single/double copper wires with
different radii, lengths, and port states are collected. Then, the finite element method is used to analyze the
transmission characteristics of single/double copper wires with different radii, lengths, and port states, and the
transmission characteristics of single/double copper wires with different degrees of deformation in the air
domain are simulated. The experimental results indicate that the transmission loss increases with copper wire
length increasing, and the thinner the metal wire, the slower the transmission speed is. The influence of port
shape on transmission characteristics is not so significant as that of length variation. The thicker the bimetallic
wire, the faster the transmission speed is. The simulation results show that when terahertz waves are
transmitted on a single metal wire, the electric field is mainly distributed on the surface of the metal wire, and
the finer the metal wire, the smaller the mode field area of the surface plasmon is. When the metal line becomes
elliptical, the mode field is mainly distributed on both ends of the major axis; When terahertz waves are
transmitted in bimetallic wires, the mode field is mainly distributed between the two wires, and the farther the
distance, the smaller the mode field area is. In this work, the terahertz transmission characteristics of single
wires and bimetallic wires are studied by combining experimental method and simulation analysis, providing a
reference for the subsequent development of efficient terahertz metal waveguides.

Keywords: terahertz, time-domain spectroscopy, metal wire waveguides, surface plasmon polaritons
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