
ABSTRACT

In this letter, a metamaterial absorber (MA) with air cavity loaded

with four lumped resistors is proposed and realized for ultra-

broadband absorption of transverse electric (TE) polarization mode at

large angle of oblique incidence. In order to realize the steady

absorption at the large angle range from 50° to 70° , the optimal

optimized angle is 62° through the impedance matching formula,

and the parameters of the metamaterial absorber are optimized at this

angle. The simulation results indicate that all absorption bands of TE

mode over 90% in the angle of 50°to 70° are maintained above 9

to 15 GHz and the relative bandwidths are more than 60%, where the

maximum and the minimum values are 69.07% and 61.65%,

respectively.

An Ultra-Broadband Metamaterial Absorber Design 

for Large Angle Oblique Incidence

Figure 1. (a) The top view of proposed MA, where ls=1mm, l1=1mm,
w1=0.2mm, w2=1.2mm, (b) the 3-D view of the proposed MA, where
h=0.5mm, h1=6mm

SIMULATION RESULTS

Figs. 4(a)-(b) depict that all the reflection coefficients from 50° to

70°are less than -10dB from 9 to 15GHz and the absorption bandwidths

are greater than 90% in this frequency range. The relative absorbing

bandwidths of the proposed absorber at different incident angles are

specifically calculated in Table I.
TABLE I

The absorption bandwidth of the MA at different incident angles

CONCLUSION

Based on optimizing the matching impedance of the optimal incident

angle, an ultra-broadband stable metamaterial absorber is introduced at

large angles of incidence from 50° to 70°.The simulation results indicate

that the absorption bandwidth remains almost the same with increasing

incidence angle and achieve bandwidths exceeding 90% from 9 to 15GHz.

What’s more, the proposed absorber is equivalent to a perfect absorber for

the incident angle of 60°. Considering the above merits, the design of

metamaterial absorber shows great potential application to realize ultra-

broadband absorption for large angle oblique incidence.
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Figure 2. The optimizing simulation reflection coefficients for an oblique angle of 62°
with different (a) (b) period, (c) (d) length of the square ring, (e) (f) resistance
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Incidence angle Lowest frequency (GHz)
Highest frequency

(GHz)
Relative bandwidth

50° 8.11 15.42 62.13%

55° 7.99 15.11 61.65%

60° 7.9 15.82 66.78%

65° 7.82 16.07 69.07%

70° 8.02 16.08 66.89%

Figure 4. The simulation results for large incident angles from 50° to 70° (a) the

reflection coefficient, (b) the absorption
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Figure 3. The final simulation of the MA for an oblique angle of 62° (a) the
reflection coefficient, (b) the absorption
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