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Fig. 1. Unit structure of the absorber and its structural

parameters.
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Fig. 2. Variations of real part (a) and imaginary part (b) of the permittivity of BDS with frequency at different Fermi levels.
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Fig. 3. (a) Characteristic curves of the absorber in the range of 4-14.5 THz; (b) diagram of the relative impedance (real and imaginary

parts) of the absorber in its operating interval.
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Fig. 4. Electric field distribution of absorber at different frequencies: (a) f; = 5.032 THz; (b) f, = 5.859 THz; (c¢) f3 = 7.674 THz;
(d) f, = 9.654 THz; (e) f; = 11.656 THz; (f) f; = 12.514 THz; (g) f, =14.01 THz.

i

(a) fi = 5.032 THz; (b) f, = 5.859 THz; (c) f3 = 7.674 THz; (d) f, = 9.654 THz; (e) f5 =

034101-4


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 % 3R Acta Phys. Sin. Vol. 74, No. 3 (2025) 034101

S
E/(10° A-m-1)

B 5 W E R FAR AL TG A0 (a) fi = 5.032 THz; (b) f, = 5.859 THz; (c) f3 = 7.674 THz; (d) f, = 9.654 THz; (e) f; =
11.656 THz; (f) f; = 12.514 THz; (g) f; = 14.01 THz
Fig. 5. Magnetic field distribution of absorber at different frequencies: (a) f; = 5.032 THz; (b) f, = 5.859 THz; (c¢) f3 = 7.674 THz;
(d) fy = 9.654 THz; (e) f5 = 11.656 THz; (f) fs = 12.514 THz; (g) f; =14.01 THz.
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Table 1.  Comparison of the @ value of the proposed ab-

sorber with similar absorbers in recent years.
BECHE (48] [49]  [50]  [51]  [52] A
Q 55.59 73  77.89 106 154 21941

IeAh, REBEE MRS —A R B IR bR
M W2 A2 0 7 FHIS P SR, 85T T WAL (4 W
REEANRITH RGO, WE 6 iR, & 6(a)
TANERPT SR 91 1, 1.02, 1.04, 1.06, 1.08, 1.1
I W2 MAC 25 ) 2 MAC I L 1 A8 AR 8. 1] 6(b) S IR i
AT RSN YT SR A AR B, SN R R
BF, WG 8 7 SRR & A T 20R8, axX i AR
WS EL AT B A1 P Sk B A T R A e 1Y)
&1 6(c) A& 7 AR LI Py DA (I Bl A1 38 4 5 23 1 A8 Ak
T, AT LA, FEANTRIT SR AR KA, f i Ak
MRS R B Sk Je TR g, SRR
TRER R £ 5 A W WO Y AR L R A
FoFRRL; f B AL B IR SCR R J8 F R s BT, 3

034101-5


https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20241516
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20241516
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 Z 3R Acta Phys. Sin. Vol. 74, No. 3 (2025) 034101

@ 9l n = 1.00

(b)

y = —0.32934x+5.35311

/

: 5.016 | "\¥ — A
061 4994f TN
0.3}

0 L L L L L L L L L L 5.848 -_ fo
1.0f n=1.02 5.831 | — Y= —0.28089246.14225"~
0.8}

0.6 F 7.650 |
0.4 F N — f3
02F T 7.605 | — y = —0.70661z+8.38258

5 E 070061 +8-38258 ™
1.0F n=1.04 g 9.605F \
0.8 F 5 — Ja
0.6 S 9.520 | — y=—1.322+10.97767 ~
04l S 11.664 — y=—1.26054z+12.91631

o O &) — fs
2 02t 11.583 |
& 0 el .
g 1.0F n=1.06
2 L
< 12.43 +
— s
12,32 | ¥ = 1072+ 1418438
14.04 [
13.68 N
— y = —5.4214320+19.4403
(C) 1.0 ;U |Q 1 ol 1 1
=
—
0.9 —_—
2 08t
g
o}
12
2 o7p™ N
——f2 = f5
——f3 — fe
L 061~ £ fr
4 5 6 7 8 9 10 11 12 14 0.98 1.02 1.06 1.10

Frequency/THz

Refractive index

B 6 (a) AETEHART R B R OLTE; (b) R G BT ST R AL (o) 7 RS A IR SR 5 47 54 1 060 B 26 3R
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ive index; (c) the corresponding relationship between absorptivity and refractive index of 7 modes.
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Table 2.  Comparison of the sensitivity of the proposed

absorber with similar absorbers in recent years.
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Fig. 7. (a) Effect of Fermi energy of different Dirac semi-metals on absorption efficiency; (b) the relationship between seven reson-

ance frequency points and Fermi energy; (c) the relationship between the absorption rate and Fermi energy at seven resonance fre-

quency points.
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Abstract

In this work, a tunable perfect absorber in the terahertz range is designed based on Dirac semimetal
nanowires, featuring high sensitivity, quality factor, and dual functionality. The absorber achieves perfect
absorptions across seven bands in a range of 0-14.5 THz: f; = 5.032 THz (84.43%), f, = 5.859 THz (96.23%),
f3 = 7.674 THz (91.36%), f, = 9.654 THz (99.02%), f; = 11.656 THz (93.84%), f; = 12.514 THz (98.47%), and
f = 14.01 THz (97.32%). To ensure structural stability during design, the periodicity of the wire array
structure is carefully considered. Verification of the absorber’s performance is conducted through the calculation
of impedance matching. The analyses of the surface electric field and magnetic field at resonance frequency
elucidate the underlying physical mechanisms governing the absorber’s characteristics. The values of quality
factor (@) for the seven resonance points are computed, with a maximum @ of 219.41. Further investigations by
changing the external refractive index show that the maximum sensitivity value and the figure of merit (FOM)
value are 5421.43 GHz/RIU and 35.204 RIU !, respectively. Then, by discussing the influence of key parameters
on the device, we conclude that the device can achieve the choice of dual fixed performance. Dynamic
modulation capabilities are demonstrated by changing the Dirac semimetal’s Fermi energy. Additionally, by
changing the incident angle of the external electromagnetic wave, it is found that the device has good stability
in the medium frequency band and low frequency band, but it is greatly affected by the external incident angle
in the high frequency band, thus necessitating careful consideration in practical applications. In conclusion, the
proposed absorber holds significant promise for imaging, sensing, and detection applications, providing the

valuable insights for designing optoelectronic devices.

Keywords: metamaterial, terahertz, Dirac semi-metal, electromagnetic multifrequency absorption, Fano

resonance, tunable
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