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Abstract: Metamaterial perfect absorber is a typical functional electromagnetic material and holds great
potential in application fields such as highly efficient ulitization of solar energy. Up to date, most works are
dovoted to the tunability of working wavelength as well as realization of dual-, triple- and even broad-band
perfect absorption. However, applications such as laser protection require that the metamaterial peferct absorber
can function at specific wavelength with narrow bandwidth, and work devoted to this direction is rather rare. In
this work, based on a triple-layer structure made of Al back mirror —SiO, spacer —Al disk, a narrow-band
metamaterial perfect absorber working at 1 064 nm was proposed and studied by numerical simulations. It was
found that, compared to utilizing the fundamental mode of plasmonic resonance of smaller structure unit,

utilization of higher-order mode of larger structure unit allowed for a narrower bandwidth of perfect absorption at
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designated wavelength. In addition, through systematic study of the geometric parameters such as the thickness of

spacer layer, the diameter of the Al disk and the period of the lattice, the influence of such geometric paremeters

on the optical response of metamaterial perfect absorber was revealed. Based on these findings and through

optimization of geometric parameters, a high performance and narrow-band metamaterial perfect absorber design

was obtained with a zero transmittance, a reflectance as low as 8.56x107° and a bandwidth of about 55 nm. Since

all the materials involved are CMOS compatible, and the characteristic dimensions of the structure unit lie within

the range of feasible fabrication method such as optical lithography, the metamateiral perfect absorber proposed

here holds good promise towards large-scale real-world applications.
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Fig.1 Schematic diagram of the polarization-insensitive narrow-band

metamaterial perfect absorber

2 HRIWEITR

21 E#ESESHESH

A B A BR oC BOE 4 T R COMSOL
Multiphysics X 411 ] 1(b) 7 i B A 8546 BI04 74K
(EASTAEL, T LS 52 285 H 00 5 2 o 7, 4SS 4D 0o o i 3R
IR RN WA 1(b) B (4 28548 50 J LA A AL,
DU &R FH R B 30 2% A, 1T R i R kg 15 T
SER AR B R LA AmAR AR, PR AN O — fe v b, m]
DL U X 7 1w 4f i e i S A8, IRy - Z 07
In] 3 38 1o XS5 H (9 TL A 2 i ti00 D AP LG A G
KAATSHCEAN, 7T LA 30408 U RS R A R 52

FE ML PRI B, AN 230 BT HOB# AT o Sl KGE
FEIS B, R3] T 7T LATE 1064 nm I K B 52 3 58
ST 1% T 2 AR 25 R 288, RN 9 RS ] 2(a)
PR o 3K WA BURLZE R B 43 bR 12 o R RS S5 (6
o7 4 €8 T 2) /N RS 254 Ol 07 20 €8 i ), %1z 1
ZE R 2805y ) R . P=1 pm, D=0.78 um, t50,=50 nm
5 P=0.5 um, D=0.23 pm, 15,0,=20 nm, 454 B ICHIR B
FIan &l 2(a) 22 F A B4R E T o il ILER 1A 2(a) Hh
) B3 3%, T LA e B0 30 A4 ML TR 45 g Sl 2 i 1o 19 S
[f): X T/ NRST 2540 5, HAR RS4RI 600~3 400 nm
ST BN AR — A LR, AN 2(a) HAYLLE
i3k FrbRic; 5 2 ARG, X F KR SHEE R 5, 1267
GG E P ER T 1064 nm kb 124X 2 41
(bRic R mode-i), 7E KK AL (~2 750 nm) B AFE—A>
1 A B (BRIC N mode-ii). R SCHR I T %
T I A -1 R Z=0, 16 Z=—5 nm &b LLSE-A7 F XY F- 1
14 77 AR I 5 B 1) ) 1 1L [ B 7 Y=0 Ak (I 45
Tty LLPATF XZ -1 9 75 X0 3758 5 1 ) T
L A3 30N ST S5 R AE 1064 nm I K AL 1 HL 3543 1
S anIE 2(b) Al (c) Bim o ATEAE H, X T/ 2
T, 1064 nm A G OE — A DU R 8 i
o7 43 5 2 R A A TR AR B AR T X ) AR Y
AR R B 1 R R AR T A B AL R,
il A5 0 15 2 T AR S RO — ANV X T 1o ) R A
Fo FEANE 2(b) Firm B9 BEIR], 3813 i 3 5 A 0 ik 1
A LU 2200 B A o A oA DE HL er, rh RS
Mo B TR RO AEAE, BRIR B0 B A A R A
G Jm B b & R B AR R AT (WL 2(c)), R T
Si0, A Ji 2 & A A ol 1A Si0, A R IR
JE, 40 25 11 2 10 4 S T R AR AN B AR A e R 2
1) B4R 75 5 DA B 2 T AR BT . 44 )2
JEL 35 305 i, 5 5% P A DT G 1) L AR A - BB 5 460 [
o 4 P A A BB WG B vl (R SCFAT, AR 265 ),
DOKEFE A 5 B 128 2 P SO Lo A, AT 5 5
— AR AR S LIRS 5 TR b R 5T 36
W AR RBR T, AT LR BT Z ~ 1, 5 A B2 ML
Fict, AT A A5 92 W I8 AR 1) 38 30 R T = 0, [ T R R=0,
MM AEZ PR T LB E W™, 5l b, IR R
SEEERY N R F mode-i Al mode-ii 1< T #Y HEL 3094 51|
T, A RIEE RN E 2(d). (e). () M (g) FTR. M 2(f)

20190489-3



ISk A2

www.irla.cn

%54

1.2 r(a) : — Larger structure

1otk | — Smaller structure
808}
8
30.6F
S04l

02}

ot mode-i
500 1000 1500 2000 2500 3000 3500
Wavelength/nm

1.2 +(h) : — Larger structure
1.0} : — Smaller structure
808} '
8
30.6F
Bo4l FEHM, ~ 54 nm
2 — -—
0.2} FEHM~ 108 nm
0f !
800 900 1000 1100 1200 1300

Wavelength/nm

|E|/arb.unit
1.0

mode-ii

mode-ii

mode-i

B 2 RGPS5/ NRAT S5 58 MG IR DA T 0

Fig.2 Optical behavior analysis of a perfect absorber with a large-sized structure and a small-sized structure
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Fig.4 Effects of disc diameter and periodicity on the optical response of

perfect absorber structure

F A, B 40) 5 1T 2 [ E 1510,=50 nm Al
D=0.78 pm 171 248 1E 75 T @i 1) RT3 P et A0 A e
WA A B AR . AT RUAE Y, YR B AR
B, JEII P SR = 25 5 M A AT A B 45340 4 22 )
F8 DB, 0 7T 552 M) 810 A 08 (B8] 98k 22 i) F) s 1 i S 5
4 P=0.8 pm I (R (0 HIZE), ARSI P A 522 1] 1 T
AR/IN (20 nm), DRI G AR 5, 8 A ) 5 96 TR I8 AR 11 3
(i) SRR RSN ] iR B S S UN W INT TR TS S
REFRAR RN 24 P=0.9 pum B (L0t ph£8), AR £ 2
(] (4R 5 D550, BELT D PRCARS 20 R R ke, AT 52 39 %%
F230 T2, [F B e B s iy o K R A I AL s 2
P=1.0 um B (468 M1 £R), 76 D-Ar b i) BELAT DG i 4% 7 ik
fill BB ARLELT S 2 1 064 nm BT 2 P
— K F] 11 um( 20 il 2% ) 1 1.2 um(HE 6 il
28) i, m AR E— P LR B B RS T I, [
BEL 7T DG C 2% 111 R A 72 22, o BT ASE 1) B S o5 A i 184
EAHHE A2, s A ) P R, AR X AN Pl
FEL PN PT RB 23 A AT S Gk 3, 0 3 ) 3k G i 1
Blo LR BaRsrHT, AR 0] RSF DR P I RTE 2
B, ay DLy 8 M A BT I B AR 3 — R A Y
WA, It JHL v i A R R S R AR AT IR 5 S A
MBI D, P SEUA, BT UAER K 1064 nm

20190489-6



sk T A2

%54 www.irla.cn % 49 %
AR B — AN 1) 52 SE MR AR Bk -

24 RUHIEITSE

I Ja 1T R TUT S5 o i 6k L, 25 5 5 IR
tsi0, D P =S80 B X R 3 B A a4 470
RE, REBUE BRAL G LIORZERTHE K 1 064 nm 4075
B > M RE Y A% Al 58 58 ML AR, AR L 1 &5 2R
B S BTn . FEik B, [ B £ B A2 D=0.78 um. J& 1A
P=1.0 pum, R J5 1£ 42~50 nm A4 78 Fl P9 3E 5 40 2 78
A T S )= B VR BE £si0,, B AT B 2 £510,=46 nm
I, AR SE SE MR AR TE 1 064 nm 4b 4 2 5 Z0] DLk
2| 8.56x 1071 (5 1 k), HXH N FWHM=55 nm,

10°E
1 -1 B
§ 0 — 50, =42 nm
% 107 F — £, =44 nm
E 1072 F— 50, = 46 nm
o b — Isi0,= 48 nm
— fsi0, = 50 nm R=8.56x10"
1 -5 L L .- L L N
0 900 950 1000 1050 1100 1150 1200
Wavelength/nm

& 5 AL A S EUR 1S B0 E PERE S8 S 4
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