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Abstract Based on the principle of surface plasmon slow optical waveguide, a metamaterial absorber with high
absorption efficiency in the whole near infrared band is designed by using dielectric silicon (dielectric layer) and Au
(metal layer). The simulation results show that the bandwidth of the absorber is the largest when the thicknesses of
the metal layer and the dielectric layer are 0.04 pm and 0.02 pm, respectively. It is also found that the width of the
waveguide layer and the number of absorber layers have great influence on the absorption bandwidth. Finally, it is
calculated that the absorption efficiency of the metamaterial absorber can be maintained over 90% in the whole near
infrared band when the incident angle of light is below 40° under TM polarization. Moreover, the absorption
efficiency for TE and TM polarizations is equal at normal incidence, which shows that the metamaterial absorber
designed in this paper is polarization independent.
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Fig. 1 Metal-dielectric-metal slow optical waveguide

3 Welar A

JE T R AR TR NS W T R IR JE G
e WSR3 T W WY B A A R IR ie gs (PHWAD L 1%
W A o 2 1 FH 4 4 CA ) LAY 0 ik 52 5 M ) i 4
FIETAR O R I 25 F A 2 BEos . FE 2Ca) MR
W 1 = 4E &L R 224 A ) I 4 o 5 45 0 4 IR —
JEVEAHES Wi 1 3 A R A PE 25 0 A K AE iR Z |
LTI RE (0.1 pm) K T3 20406 19 4 IR IR
PALARTEG Y 35 5 %o %, [ 2 (b) & Wi 2% B4~ 4
FIE AR TR b PSRy R R I R A
T R4 IR W o & 5 I o 95 B2 s W R &
P T 98 B 52 R 2g 5300 h A2 R (A2 2D FIAE (A
FIE)WEE, H T =N (¢, +14). N J4 Ak
XTHR

] Drude £ %Y, 4 19 4 XF /v o 4 % 35
X
w? +iwy’
K w,=1.367X10" rad/s HEBE FIRB R,y =
1.256 X 10" rad/s R WG F Ak 7E P BAR A i
Pript R R 3.48,

4 ZRSTNE

FIFH B S8 AT BR 22 43 5 (FDTD) # 57 PHWA
AL 3 iR, FERERL ¢ F0 ¢y 43 50°40.015 pm
#10.04 pm, W, F W, 435124 0.19 pm Fl 0.0475 pm,
N=20,T=1.1 pm,P 4 0.2 pm.z .y J5 i I FJ&
WPE Ry i Bt o= Jr ) A 58 S DR IE 2 (PMID AR A 31
St F T i gy BLIX 8 B s S ) A

(2)

EAuzl_

031601-2



y(E)
2(ID)

&2 AR A SRR R, () SRS R 5 (b) &5 4 BT V- 1w 1]

Fig. 2 Schematic of metamaterial absorber structure model. (a) Three-dimensional structure;

(b) plane diagram of structural elements
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Fig. 3 PHWA model in FDTD. (a) PHWA plan;
(b) PHWA three-dimensional picture
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Fig. 4 Optical absorption efficiency of PHWA under different polarization states. (a) Light absorption, reflection,
and transmission of PHWA under TM polarization; (b) light absorption of PHWA under TE and TM polarizations
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Fig. 5 Influence of material thickness on absorption bandwidth. (a) Metal layer thickness; (b) dielectric layer thickness
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