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Abstract—An optically transparent microwave absorber 
with broadband absorption based on frequency selective surface 

(FSS) have been proposed and fabricated using a simple, cost-
effective, and controllable inkjet printing assisted patterning 
technique. The FSS and ground layers are made of silver 

nanowires (AgNWs) conductive networks with desired patterns. 
This new device exhibits broadband absorption performance 
with an optimized 90% absorption bandwidth over the 

frequency range of 9.1 to 12.2 GHz in X-band. Besides, due to 
the patterning of AgNWs FSS and ground layers, the optical 
transmittance of the fabricated absorber exceeds 83% at 550 nm 

wavelength, which is the highest among the transparent 
absorbers in literature. Based on the easy-processing, high 
performance, and excellent transparency, the proposed 

absorber shows great promise for various applications relating 
to transparent absorbers, such as photonic detectors, antennas 
and solar cells. 

Index Terms—microwave absorber, silver nanowire, inkjet 

printing, transparent. 

I.  INTRODUCTION 

Electromagnetic absorbers have attracted considerable 

interest and have been studied intensively in the past few 

decades due to their applications, such as imaging, 

electromagnetic interference shielding, and radar stealth [1]. 

Compared to conventional absorbers, such as Salisbury 

Screen, and Jaumann absorber, microwave absorbers based on 

frequency selective surfaces (FSS) are effective for broadband 

absorption characteristics [2]. To further extend the practical 

applications, transparent, broadband microwave absorbers are 

proposed and experimentally demonstrated in recent years 

[3,4]. However, most of the proposed transparent absorbers 

comprise indium-tin-oxide (ITO) as the resistive film, which 

suffers from high cost, complicated procedures and limited 

mechanical flexibility [5]. 

In this study, a broadband microwave absorber with high 

optical transparency is designed, numerically simulated and 

experimentally verified. Benefiting from a new inkjet printing 

assisted patterning technique, the FSS and ground layers are 

realized using silver nanowires (AgNWs) with large-scale and 

low cost. The as-proposed absorber can achieve broadband 

absorption with 90% absorptivity over 3 GHz. Besides, the 

absorber shows the highest reported transparency (83% at 550 

nm wavelength) due to the excellent optical properties of 

AgNWs.  

II. EXPERIMENTS 

A. Simulation of FSS absorber 

A multi-layered structure composing glass substrate 

sandwiched between top FSS layer and bottom ground layer 

(Fig. 1a) has been employed to achieve the optical 

transparency and broadband performance.  The optimal 

parameters are simulated in CST Microwave Studio to verify 

the absorption performance. For the simulation, the dielectric 

substrate has a dielectric constant of 3.7, loss tangent of 0.005, 

and a thickness of 3 mm. The sheet resistance of the FSS layer 

and the ground layer are 60 Ohm/sq and 11 Ohm/sq, 

respectively, to achieve the desired functionality. The unit cell 

is constructed in the x- and y-direction, while wave propagates 

in the z-direction as shown in Fig. 1b. Fig. 2 shows the 

simulated absorptivity, the electric field (E-field) and power 

loss density of the proposed absorber. The E-field of the unit 

cell at 11.5 GHz (inset of Fig. 2) mainly distributed in the 

edges, cross lines, and four rectangles, which lead to strong 

electric resonance with incident wave and most of the 

electromagnetic power are dissipated in these areas, resulting 

in stronger and broader absorption. The resultant absorptivity 

above 90% in the X-band extents to 3.1 GHz. 

 
Fig. 1. (a) Schematic diagram and unit cell geometry of the proposed 

broadband absorber. (b) The perspective view of the proposed absorber in 

CST.  



B. Fabrication of FSS absorber 

To realize the proposed absorber, AgNWs dispersion (1 

mg/mL) was spin-coated on to two clean fused silica glass 

with a thickness of 1 mm to form conductive layers with the 

sheet resistance of ~60 Ohm/sq and 11 Ohm/sq, and dried 

naturally. Then, an inkjet printing assistant patterning 

technique was introduced to pattern the coated AgNWs 

according to the optimized parameters of the unit cell. In brief, 

PMMA solution (5 wt% in anisole) was printed on the as-

prepared AgNWs layers to form the protective layers using a 

commercial piezoelectric inkjet nozzle (Dimatix) with a 

diameter of 21 µm and drop volume of 10 pL. Then, the 

sample was put into an oven to evaporate the solvent. After 

that, wet tissue was used to wipe the AgNWs surface to clean 

unprotected AgNWs. Finally, the sample was immersed into 

acetone for 5 min to dissolve PMMA protective layer, 

followed by drying naturally to complete the patterning of 

AgNWs. 

III. RESULTS AND DISCUSSION 

The fabricated absorber has 6 × 6 unit cells for the 

absorption measurement, which was carried out in a 

rectangular waveguide connected to a vector network analyzer 

and the working frequency is from 8.2 GHz to 12.4 GHz (X-

band). The measured absorptivity was plotted in Fig. 2 

(black), together with the simulated result (red). The 

fabricated absorber exhibited more than 90% absorptivity 

covering a wide range (2.6 GHz) in the X-band, which is 

slightly narrower than that of the simulated result (3.1 GHz).  

 
Fig. 2. The simulated (black) and measured (red) absorptivity of the proposed 

broadband absorber in X-band. Insets are E-field and power loss density at the 

surface of FSS layer at 11.5 GHz.  

 

Further improving the uniformity of the AgNWs 

conductive layer and the patterning precision could reduce the 

discrepancy. What should be noted is that the ground layer 

was patterned to form grid structures to increase the 

transparency of the whole absorber, which could also cause 

the discrepancy of the measured result. As some AgNWs were 

removed from the ground layer, the electromagnetic 

transmission of the ground layer decreased comparing to that 

of the continuous ground layer as shown in Fig. 3. The 

simulated electromagnetic transmission of the patterned 

ground layer decreases from -25 dB to -18.9, -15.5, -13.5 and 

-11.8 dB with line spacing of 0.2, 0.3, 0.4, 0.5 mm, 

respectively (Fig. 3). However, the patterned ground layer 

retained high shielding effectiveness, which blocked most of 

the incident electromagnetic wave to transmit. For example, 

only 3% of the incident electromagnetic wave can transmit 

through the ground layer with 0.3-mm-line spacing. The 

measured transmissions of the AgNWs ground layers are 

consistent with that of the simulated results, though slightly 

lower at some frequencies (Fig. 3). 

 
Fig. 3. The simulated and measured transmission (S21) of the patterned 

ground layer with various line spacing from 0 mm to 0.5 mm. 

 

Finally, the optical transparency of the ground layer, FSS 

layer, and fabricated absorber have been investigated over the 

wavelength range of 360-800 nm. As mentioned above, the 

introduction of grid structures on the ground layer was to 

enhance the transparency of the absorber. Fig. 4 shows the 

SEM images of the patterned ground layer with different line 

spacing, indicating continuous and consistent lines without 

any breakup or degradation. 

 

 
Fig. 4. SEM images of the ground layer with various line spacing (ls) of 0.2, 

0.3, 0.4, 0.5 mm, while the line width is ~80 μm. The scale bar is 500 μm. 

 



The measured optical transmittance at 550 nm wavelength 

of the ground layer increased from 86.1% to 91.2% after 

introducing grids with line spacing of 0.5 mm (Fig. 5a). As a 

result, the transmittance of absorber at the wavelength of 550 

nm is about 83% (Fig. 5b), which is higher than that of ITO 

based absorber (75%) [5], water-based absorber (71%) [3], 

and Al grid based absorber (62%) [4]. We believe that by 

alternating the rigid glass substrate to some flexible substrates, 

for example, polydimethylsiloxane (PDMS), flexible, 

transparent, broadband, and even stretchable microwave 

absorber could be achievable. 

 
 Fig. 5. (a) Transmittance spectrum of the ground layer with different line 

spacing. (b) The measured transmittance of the patterned AgNWs FSS layer, 

the ground layer and the fabricated absorber. Inset is a picture of Beacon in 

KAUST campus seen through the fabricated absorber. 

IV. CONCLUSION 

In this paper, a transparent, broadband microwave 

absorber has been demonstrated and experimentally verified. 

We present a reliable, simple and low-cost technique to 

pattern AgNWs with the assistant of inkjet printing to 

fabricate the FSS array and the ground layer. Absorptivity 

greater than 90% over the frequency range of 9.8 GHz to 12.4 

GHz is achieved, and the measured results agree with that of 

the simulated result. The fabricated absorber has a measured 

optical transmittance of 83%, while the patterned FSS layer 

and ground grids have a transmittance of 93% and 89%, 

respectively. 
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