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Ultra-broadband Perfect Absorber with Rectangular Multilayer Structure

Liu Yuanyuan, Liu Huan, Liu Kun, Zhu Lu"”

School of Information Engineering, East China Jiaotong University, Nanchang, Jiangxi 330013, China

Abstract According to the characteristics of the multi-size structure and the impedance matching theory, a perfect
ultra-broadband absorber with a rectangular laminated structure is designed. The absorber is composed of two layers
of metal-semiconductor films-semiconductors of different sizes, which can excite multiple resonance modes and
achieve perfect absorption of ultra-broadband. The finite difference time domain method is used to study and analyze
the absorption spectrum and electromagnetic field energy distribution of the absorber, as well as the influence of
polarization angle and incident angle on absorption performance. Numerical results show that the average
absorptivity of the absorber is higher than 97 % in the range of visible light to middle infrared, and it is independent
of arbitrary polarization. When the incidence angle is 60°, the average absorption rate is still higher than 90% . The
wide band perfect absorption is achieved by the joint action of gap-surface plasmon polaritons, propagation surface
plasmon polaritons and Fabry-Perot resonance.

Key words optical device; absorber; impedance matching; mid-infrared; broad band

OCIS codes 230. 0250; 160.3918; 300.1030; 240.6680

FAE R 2Z P BN SE BT 96 26 1 M i % (H 2[R T
A L 0 P A E AR S R B A AR
QU RN RETTIZ

1 5 0F
A S — A TR B T 3 K25 R AR

A 1o A R A A 5 R S DRRT RS A 3 5 A R
BORIRE S % e AL B R R R B A
DRI A BRI R R SR B R A R
14 2 Ji& B T R AR A5 4 19 56 58 WL iR T BF 5T
L 58 SEMOSUR i WS i 7 45 52 1 8 BE A X 1B I8
LA T W AT e B JHG RT3 DA 7 A S S i i A B
SEFM. Landy 7 42 T 8 b RE5E 56 0l 7%

UTAF R O T S BURT GE A R I B AT ST AR L F
FEH BV TSR] G548 1 B R 8 JE MR, X
BREL6-21 4@ Y 17— Fh 4 Jm -4 2 - Jm i 45 4 L 3%
55 K ) 452 i T0UJ2 52 30T %ok B bl B v B IR 4 A S80HH
AR AL £ TR T 06 2 B AR BN S 2% R T
H SR A MR RUBE R . B 583 32 1 T il e ) -
e AR/ 2 SR AL R 22 SR A L T EL ) o o A P v

Wi HE: 2020-07-21; 1EE HHA: 2020-08-19; KA BHI. 2020-08-28
HEEWH: BEXR ARSI 4S(61967007,61963016) VLPHA 7St 4F A A B8 B3 (20171BCB23062) VLI H HE /T #H
SRR E S H (GJJ170360) YT P9 44 | A AT & 3181 (20201 BBF61012)

* E-mail: luyuanwanwan(@126. com

2323001-1



Es i1

S 2R B B BEOR AR, SCk (2318 T —Fh 5
24 /TEWR 2% L AE 400~ 750 nm G 3% 8 Bl N 52
BT L 90 % MM IR . S T A A, SC
BRL24 14 44 24/ FEGOKAE 5 BIBRHEZS G L 7E 400~
1500 nm FY %35 70 BBl N 5238 T8 i 94 Yo 13 IR
W, SCERC25 82 T —Fh 2 R 10 )2 4/ fE R
FEWL W B8, 7F 480~ 1480 nm B G I B N 2 T
99. 2 %0 BF- S8 M e b AR IR 45 ) 3 3k SR FH B
4 JE B DA 5 R S 1 1 i L (R0 B 4 )R
AR 2 B NS B g A 7 AR . SCHk[26-27 R T
TR /B R S AR S A M 5 Al A 1] B
B VC T , 75 48 T I B Y 1 37 W g 32 8 ik 95 06, {H 3
T A MR . SCHRC 13 T S 5 Ak R = IR B —
JER AR T, S T S AT 1300 nm 1Y 58 35
W, Scwk[22 ]l & 5 22 RoT s/ = Ak
B AE 400~2100 nm A9 56 1% v Bl P9 SE B T 58 3
W, FRZE S S5 R B B IR B AT A
FEWCE BEAS Al 5% & 8 MR B2 B I 2 1
7] R, D] L 5 — o 7 B 25 4 AT RS RURE B 1 58
I W e 5 7 R BH BB 2K 55 U LA R X,
G4 22 RUSE G5 A6 8 4 R BH 47 DG Jic B8, A S0

(a)

metal Y
X
- semiconductor
z

TR IE R B 0 4 - 5 A I S AR
(MSSA) o %MW H 0 <5 A RE R AR A 19 Bk
(T A (Cr) o 2 TR 8 HTR A 2 5t 4 Jm 4 18 1)
R (GaAs) o iX AT LUAE A] WL 51 b 21 0 i Be (440~
3500 nm) 52 B 58 3¢ W e, SR AT I A BR 2=
(FDTD) &b 58 T 2 B Wi 1) ) BH I ST L o]
PEAN IS 45 1 A LA 2 BRI kL A 28 B, LR A 4R
1L SF 71 08 W AP BE 9 52 0

2 SEERWM ARG S5k
B 5 5 VAR o 2 S R G 4T

/NG
S B SR (MMS) 20 5, g5k 18 1 s,
JER4JE Ti 1 Cr 72 E 3R T M5 2505100 1668 C
11907 C 78T 214N 1P 21 S0 il B BLA A B B W i
R CEFIR GaAs BA 5 5 4 8 A L 0 05 R 1
DA B 38 e 1 A F o B, A D2 R ) 2SR R I B
S JEM BN Ti F1 Cr, 2 SR M BHE H GaAs,
4 JE AN SR B R A H R BOR L Palik™ " T
R SEU0(E . TR J2 25 5 A8 1 ) 0T 45 )2 5 43 3ol
P w, Ml w, & ZIEEES A hohy chy R by 255
4 A T an Pl 1 (b TR

(®)

SR
oS

S

=

S

<

>

P RER S5 . Ca) FEFZ5 4 5 (b) BTl #E 13

Fig. 1 Absorber structure. (a) Array structure; (b) unit side view
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Table 1 Parameter setting of absorber structure

Parameter P w, wy h hy Iy hy

Value /nm 440 300 190 200 30 130 50
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Fig. 2 Absorption characteristics of rectangular multilayer absorber. (a) Absorption curves of absorbers with different

structures; (b) absorption spectra of MSSA structures at different polarization angles
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Fig. 5 Performance curves of different metal materials. (a) Absorption rate; (b) structural impedance
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Fig. 8 Influence of incident angle on absorber absorption rate under different polarization modes. TM mode

(a) absorption spectrum, (c) absorption curves; TE mode (b) absorption spectrum, (d) absorption curves
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Table 2 Comparison of absorption performance of different metal materials

Structure  Wavelength /nm  Bandwidth /% Average absorption /% Polarization insensitive Noble metal
Ref. [23] 400-750 61 95.0 / Yes
Ref. [26] 260-1280 132 98.9 Yes No
Ref. [27] 400-2000 133 95.0 Yes No
Ref. [37] 5162696 136 / Yes Yes
Ref. [38] 570-3539 145 97.0 Yes No
Ref. [39] 400—1400 / 95.0 Yes Yes
Proposed 440-3500 155 97.3 Yes No
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