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Response mechanism and properties of
spiral-shaped metamaterial absorbers

CHEN Zhe-Geng, XU Xiang-Dong®, GU Yu, AO Tian-Hong, LI Xin-Rong,
DAI Ze-Lin, SUN Ming-Hui, JIANG Ya-Dong, LIAN Yu-Xiang, WANG Fu
(State Key Laboratory of Electronic Thin Films and Integrated Devices, School of Optoelectronic Information,
University of Electronic Science and Technology of China, Chengdu 610054 ,China)

Abstract; Novel spiral-shaped metamaterial absorbers (MAs) were designed. Different from the tradi-
tional MAs, the THz responses of the as-designed MAs can be effectively adjusted by altering the num-
ber of the spirals and their locations, in which the functional materials and their thicknesses remain un-
changed. Results reveal that the response frequencies obtained by CST simulations agree well with
those theoretically estimated by standing wave formula, suggesting high predictability of the response
frequency for such MAs. In order to better understand the response mechanism of the spiral-shaped
MAs, ring-shaped and split ring-shaped MAs were simultaneously investigated. Simulation results indi-
cate that these MAs exhibit some similar response properties. However, different from the ring-shaped
and split ring-shaped MAs, the as-designed spiral-shaped MAs exhibit stronger coupling effect and easi-
er adjustment, largely due to the continuous alteration in the spiral radius for the latter. These results
are helpful for promoting the theoretical study and design of metamaterials.
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Fig.1 Unit cell of spiral-shaped MAs: ( a) stereo im-
age; ( b) surface structure of spiral-shaped MA; (¢)
cross-sectional view
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Fig.3 Surface current distributions of the MAs as shown in
the right inset of Fig. 2 at different oscillating frequencies:
(a), (b), and (c) show the low-frequency modes, (d) and
(e) show the high-frequency modes
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Fig.5 Surface current distributions of the frequency wide-
ning bands of low-frequency modes: (a), (b), (c) corre-
spond to the surfaces of the spiral-shaped MAs with ¢z, =45.
453, 45.553, and 45. 653, respectively
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Fig.6 Surface structures of ring-shaped MAs, split
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face structure of spiral-shaped MA; (b), (c)surface
structures of the ring-shaped MA and split ring-
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tures of the ring-shaped MA and split ring-shaped
MA, with their radii matching the final radius of the
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B FF L e R R 4 1) Ry 2. 575 THz. 2. 746 THz.
2.748 THz.2.207 THz 1 2. 202 THz, % )7 14 16 {H 1
%4351k 40. 62% 35. 82% 35. 60% 43. 08% Fil
42.66% AHASER S, FF O (E 6(c) Fi(e) ) 7
SIS ER (I 6 (b) F(d) ) Rk 2% W I8 5 1 s
M S A1 3 0 W WSO L 58 4 A 4 I it 26 L
FEEET). XU, KB 1 m (T H X AR}
M 137 (14952 i) B 38 b /N T JE R R 8 um 1Y A BT A 52
M. 1, AT AR < P ] MR e AN 6 A 1) A 2% v
Lo M) S 481 56 55 B ] [ AR A Ak ) A 2 v i 17 4
FWER(ET) A FIREEFR T 1 a9 e 1 5=
SRR T RIF AR E ) (B 6 (b-e) ), MR fE

K7 FAANRIZH R AR AR (18 6 ) B I
Fig.7  Absorbances of five different MAs as shown in
Fig. 6

AR N R I SR 2k (T8 6 (a) ).

e RSG5 1K 6 (a) FTs SR THE R A1
LR B IR 242 433 A SBHE PR I A 4 (TR 6 (b)) AT
1E2FAR (B 6 (d) ) X I Fey 79 ol (53] A 68 4 A6k ) 6 T HRL
oM. B8 S, B I R AR 2 R R 2
Fa ¥R BRI LABE AT %) 2 T SRR N7 FL A7 A AR .
V7 FEL I 2 TRDE B I8 20 A, B O 1 o5 Pl 6 = A
TEds . ARAEZN(2) I EAAREIE 6 (a) L (b) A(d) fiF
I AR I 57 A 2R 433k 2. 631 THz,2. 792 THz
F12.394 THz, #4143 355 BL45 5 2. 575 THz,2. 746
THz F12.207 THz W4 . X BB, B T A7 S0 A 2. P
DEUHE B A Ak R P ] [52) 2 E A4 R 1 5 A AR, T
WP NG SR,  THERKES 4
E%t&ﬁﬁiﬂitta‘éféﬂﬁﬂﬂ%ﬁﬁﬂﬁﬂﬂéﬁﬂé&%

HESEAR AL, T LA R A5 R (2. 575 THz) 4 T2

THE BAREC s 2 A28 6F 07 %) 520 S A8 6 Ak i 7 01 3% ( 2. 746
THz ) FIEE PR 28 1F 2672 %58 17 14 [ B 3 A ) i 7 45
(2.207 THz) Z[a]. 44K, Bl 75 B2 € B B 550 3
I, 285 R Z 8] RS AR 3G 5 A5 150 o 25 R 1 b A
A5k
2.4 AEEIRIRET 3T B R K % 2% Im B /Y
=2

R T i PR B E PR AR () 2 AR 3 i
A AR N, FRATTXT I 9 A 1 47 T i R H A AR T
P[50 B BB AR 705 L. AR R 9 AT ep Wk
IR A5 H N 1 22 AR YK 1] PN 38 i — P81 [ 3, L
[P A A5 43 ) Ry VR 2 A s s VL T 7 VR0 4 1 MR T
PRI R A G 248 (14,090 um 11,996 pwm 9. 901
pm ), AH A R 198 A 2 T MAC 3 2 T P 1) £ L



3 3 WA B 45 ST bR 220 8 0 O DS S 127

K8 AR AT (6 Fr ) R L /A« (a) — [l
WETRE PR PR A1) 2 TR P 3 401 5 (b)) BB AR & 2 A2 X 7
52 A 14 TR FEL A G0 A1 5 () BB BRZE 1 22 42 X6 17 B8] B e
R T I A

Fig. 8 Surface current distributions in the MAs as shown in
Fig. 6:(a)spiral-shaped MA, and(b) ring-shaped MA with
their radii matching the initial radius of the spiral-shaped
MA; (c¢)ring-shaped MA, which radius is matched with the
final radius of the spiral-shaped MA
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Fig. 10  Surface current distributions in the MAs as shown in
the right inset of Fig. 9 at different oscillating frequencies:
(a), (b), and (c) show the low-frequency modes, (d)
and (e) show the middle-frequency modes, (f) shows the
high-frequency mode
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