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Abstract— A reconfigurable frequency selective surface 

(FSS) based on movable 3D-printed grids is present in this 
paper. By moving the 3D-printed grid up and down in 

purposely made channels between two adjacent unit cells, a 
reconfigurable FSS with different frequency responses could 
be achieved. The FSS unit with channels and the insertable 

grids are first simulated and studied using Ansys HFSS. 
Then a 9 × 9 FSS array with channels is fabricated using 
standard etching techniques and milling. Finally, the FSS 

structure and the insertable grids are tested under various 
conditions. This work aims to demonstrate a new concept for 
the reconfigurable FSS based on movable metallic and 

dielectric grids. These are based on low-cost, high-flexibility, 
and ease-of-fabrication 3D printing technique, and provide a 
new path for designing reconfigurable FSSs by inserting and 

removing materials with different electrical properties to 
achieve different frequency responses.  

Index Terms—frequency selective surface (FSS), 3D 

printing, additive manufacturing, transmission response. 

I. INTRODUCTION 

A Frequency Selective Surface (FSS) is a periodic 

electromagnetic (EM) filtering structure that is used to 

modify an incident EM wave and provide dispersive 

transmission or/and reflection characteristics [1]. Their 

frequency responses are dependent on the geometry and 

spacing of the elements, dielectric material thickness and 

properties, as well that of its surroundings [2]. In practical, 

FSS has been extensively utilized in a wide range of 

applications, such as electromagnetic interference (EMI) 

shielding, absorbers, antenna reflectors, and hybrid high 

performance radomes [3-6]. In recent years, the demand for 

multifunctional EM structures such as FSS that work well 

at multiple frequency bands has been increasing due to the 

rapid development of the emerging modern wireless 

communication systems,. 

Frequency reconfigurability is one of the most desired 

features of an antenna in advanced communication systems 

[7]. Electronic reconfigurability is usually achieved by 

incorporating switches, variable capacitors, phase shifters, 

or ferrite materials in the topology of the antenna [8]. Most 

frequently , lumped components such as PIN diodes, 

varactor diodes, or micro-electro-mechanical systems 

(MEMS) switches or varactors are used in the design of 

reconfigurable antennas [9]. More recently, the use of 

precision piezo-electrical actuators have open the 

opportunity of developing movable surfaces that can 

achieve reconfiguration [10]. 

In recent years, emerging 3D printing (or called 

additive manufacturing) technique has attracted a lot of 

attention as an advanced fabrication process due to its 

advantages of low cost, high flexibility, more degrees of 

freedom (DoF), and ease of fabrication. It has been broadly 

applied to a wide range of industrial and research areas 

such as antenna design, RF component fabrication and 

promoted the development of joint subjects [11, 12]. In this 

way, combining the 3D printing technique with FSS may 

be a good solution for designing the RF components in a 

low-cost, high-integration and high-flexibility way. 

This paper presents a FSS that uses movable 3D-

printed metal and dielectric grids to achieve frequency 

reconfigurability. A bandstop square loop FSS with 

channels between its adjacent units is first simulated and 

analyzed, then a corresponding 9 × 9 units array FSS is 

fabricated to create a basic structure. A 3D-printed 

dielectric and metal-dielectric grid are both fabricated to be 

combined with the basic FSS to form the frequency 

reconfigurable FSS. The combined structure was measured 

using standard transmission measurement platform. The 

measured results show a good agreement with simulated 

ones, which proves the feasibility of the concept. The 

design was developed with the help of ANSYS HFSS EM 

simulator.  

II. FSS UNIT CELL DESIGN AND ANALYSIS 

A. FSS Unit Cell Design 

The FSS unit cell is simulated using ANSYS HFSS 

software, in which Floquet ports and periodic boundaries 

are adopted to simulate the design as an infinite structure. 

The diagram of the unit cell is depicted in Fig. 1, in which 

a square loop band stop FSS is selected due to its 

simplicity and symmetric structure for dual polarizations. 

The square loop patch is printed on the top of the 

RT/Duroid 5880 substrate, thickness = 3.175mm, dielectric 

constant εr = 2.2, and loss tangent tan δ = 0.0009. Around 

the edge of each unit cell, a square loop channel is created 

to allow a grid being inserted and removed to control the 

capacitance between two adjacent units.  

All the dimension parameters of the unit cell are listed 

in Table I. A clear transmission null is noticed at 4.6 GHz 

for this set of dimension parameters, as shown in Fig. 2. A 

slight shift was observed in the transverse electric (TE) and 

transverse magnetic (TM) responses respectively at 45°  
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Fig. 1. (a) the top view and dimensions of the FSS cell. (b) the cross-

sectional view. (c) the perspective view. 

TABLE I.  UNIT CELL DIMENSIONS 

Parameter d_unit d_patch d_patch_2 

Value (mm) 20 18 14 

Parameter h_channel h_sub  

Value (mm) 2 3.18  
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Fig. 2. Simulated transmission coefficient of the FSS. 

angle from the normal response, although the difference is 

so small that could be neglected, which shows a good 

consistence of the basic FSS unit design regarding to the 

incident wave angle. 

B. FSS Unit Cell with Grids Design and Analysis 

After appropriately designing the FSS unit cell, two 

different types of grids of which the dimension matches 

that of the channels are simulated, as shown in Fig. 3. The 

first type is a pure dielectric grid as shown in Fig. 3(a), and 

the second type is a metal-dielectric grid developed from 

the first type by adding a metal layer at the bottom of the 

grid, as shown in Fig. 3(b). 
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                                   (a)                                                       (b)  

Fig. 3. Exploded view of the FSS unit with the (a) dielectric grid and (b) 

metal-dielectric grid.  
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Fig. 4. Simulated transmission coefficient results for the FSS with (a) 

dielectric grid and (b) metal-dielectric grid. 

 

Each of the two types is working at two states, namely 

“ON” and “OFF” states. The “ON” and “OFF” states are 

defined as h_offset = 0 mm, namely the grid connected 

with the FSS, and h_offset = 2 mm, namely the grid 

removed from the FSS, respectively. The width of the top 

grid (d_grid) is set to 4 mm. The height of the grid (h_grid) 

is set to 4 mm including 2 mm height matching with 

channels and additional 2 mm at top for extra capacitance. 

Notice that the width of bottom grid where should be 

matched with that of channels is reduced from 2 mm to 1.7 

mm for processing tolerance in case the grid is not able to 

be fit in the channels. 

The dielectric of the grid used in the simulation is set to 

be consistent with the standard 3D printing material called 

polylactic acid (PLA), which features the permittivity of 

2.4 and low loss tangent [13]. As mentioned in Part A, the 

3D-printed dielectric grid would compensate the reduction 

of the coupling capacitance introduced by the channels, 

thus increasing the effective permittivity of the whole 
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Fig. 5. The perspective view of the 9 × 9 FSS prototype with channels. 
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Fig. 6. The fabricated FSS with channels. 

structure and decreasing the resonant frequency of the FSS. 

One could deduce that the higher the permittivity of the 

grid is, the higher the effective permittivity of the whole 

structure will be, meaning that the resonant frequency of 

the FSS could be further shifted to the lower frequency if 

the designers select higher permittivity materials. This 

could be another possible way to get larger frequency 

reconfigurability in the future designs.  

The simulated transmission coefficient results of whole 

structure are shown in Fig. 4. As can be seen, the frequency 

response of dielectric grid is shifted from 4.6 GHz to 4.1 

GHz for “ON” state, and nearly remains at 4.6 GHz for 

“OFF” state. The frequency response of metal-dielectric 

grid for “ON” state is shifted from 4.6 GHz to 4.0 GHz, 

and transmission at the lower frequency band is also 

suppressed due to the additional inductance introduced by 

the bottom metal layer. Similarly, the frequency response 

remains near 4.6 GHz for “OFF” state. Both simulation 

results are consistent with the theoretical analysis above, 

proving the reconfigurability and feasibility of the designs. 

In addition, based on the analysis in Part A, it could be 

expected that the frequency response for 45° angle incident 

wave would also be similar to the normal one, thus is not 

shown in the figures for the purpose of simplicity. 

III. FABRICATION AND MEASUREMENT 

A. Fabrication 

The simulated 20 mm × 20 mm unit cell with channels 

is extended to a 9 × 9 array to create a prototype of the 

FSS, as shown in Fig. 5. A 5 mm width edge was added for 

robustness of the structure. A photograph of fabricated FSS 

with detailed channels is also shown in Fig. 6, in which the 

         
(a)                                                   (b)                                

Fig. 7. The 3D-printed grids. (a) Dielectric grid and (b) metal-dielectric 
grid. 

 

 
Fig. 8. The FSS mounted with the grid. 

 

substrate around the square loop is partially removed to 

introduce the 2 mm height and width channels. 

An Original Prusa i3 MK2.5S 3D printer [14] and a 

Raise3D E2 3D printer [15] were used to print the small 

part and full structure of the grid, respectively. The 

material used to print the grid is the standard polylactic 

acid (PLA), which has been widely applied in 3D printing 

industry due to its advantages of low cost, high robustness, 

and high reliability. The dielectric grid is directly printed 

from 3D printing, and the metal-dielectric grid is processed 

by painting a silver conductive layer onto one side of it 

[16]. The photograph of the two grids and that of full 

structure with FSS are shown in Fig. 7 and 8, respectively. 

Then the full structure were set up into the plane wave 

chamber to conduct the transmission coefficient 

measurement. 

B. Measurement and Results 

The measurement was conducted using the standard 

transmission measurement platform, as shown in Fig. 9. As 

can be seen, the measurement platform consists of a pair of 

transmitter/receiver antennas and surrounding absorbers, 

and the FSS under test is placed at the middle of the 

antenna pair, perpendicular to the plane wave direction.  

The measurement results for two types of grids are 

shown in Fig. 10. As can be seen from Fig. 10(a), a clear 

frequency response at about 4.1 GHz is observed for 

dielectric grid for “ON” states, and results for both states 

match well with the simulation ones. As can be seen from 

Fig. 10(b), both frequency response at 4 GHz band and 

additional frequency response at lower frequency band are 

observed for metal-dielectric grid. The measurement  
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Fig. 9. The photograph of the measurement platform. 
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Fig. 10. Measured transmission coefficient results for the FSS with (a) 

dielectric grid and (b) metal-dielectric grid. 

results for both dielectric and metal-dielectric grids show a 

reasonably good agreement between the simulation and 

fabrication, which prove the feasibility of the designs. 

IV. CONCLUSION 

This paper has presented a reconfigurable FSS structure 

using movable 3D-printed dielectric and metal-dielectric 

grids. Frequency reconfiguration has been achieved when 

the two types of 3D-printed grids are loaded into the FSS 

structure. A full structure combining the 9 × 9 FSS array 

with 3D-printed grids were fabricated and measured using 

standard transmission measurement platform to verify the 

performance. The measurement results show good 

agreement with simulations, which proves the frequency 

reconfigurability of the structure and the feasibility of the 

idea. Although the grid is moved manually in this design, 

our goal for the future designs is to apply piezo electric 

actuators such as those  in [10] to achieve electrical 

controlling for the position of the grid. This could be a 

solution for frequency reconfigurable FSS and other 

periodic structure with the advantages of low-cost, ease-of-

fabrication and high-flexibility, providing potential path for 

integration with other antenna designs. 
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