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CLAIMS 
 

1. An antenna comprising: 

a substrate; 

a radiator in contact with the substrate, the radiator comprising a plurality of grid 

cells; 

a ground structure spaced from the radiator, the ground structure comprising a 

plurality of apertures; and 

a plurality of feeding couplers connected to the radiator, each of the plurality of 

feeding couplers passing through a respective aperture of the plurality of 

apertures; 

wherein the radiator comprises a plurality of feeding nodes; 

wherein each of the plurality of feeding couplers is connected to a respective 

feeding node of the plurality of feeding nodes such that excitation currents are 

provided by the plurality of feeding couplers to the plurality of feeding nodes to 

excite the radiator; 

wherein a first group of the plurality of feeding nodes lies along a first line;  

wherein a second group of the plurality of feeding nodes lies along a second line 

perpendicular to the first line; 

wherein a third group of the plurality of the feeding nodes lies along a third line at 

an angle 45° between the first line and the second line; 

wherein a fourth group of the plurality of feeding nodes lies along a fourth line 

perpendicular to the third line; and 

wherein a central feeding node of the plurality of feeding nodes is at an 

intersection between the first line, the second line, the third line, and the fourth 

line such that a full-range switched beam pattern is achieved by exciting the 

radiator through controlling the excitation currents provided by the plurality of 

feeding couplers to the plurality of feeding nodes to generate tilted beams in 

different directions. 
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2. The antenna according to claim 1, 

wherein a grid cell of the plurality of grid cell comprises:  

a first electrically conductive bar;  

a second electrically conductive bar joined to a first end of the first 

electrically conductive bar and perpendicular to the first electrically 

conductive bar; 

a third electrically conductive bar joined to a second end of the first 

electrically conductive bar and perpendicular to the first electrically 

conductive bar; and 

a fourth electrically conductive bar having a first end joined to the second 

electrically conductive bar and a second end joined to the third electrically 

conductive bar. 

 

3. The antenna according to claim 1 or claim 2, 

wherein the radiator is on a first surface of the substrate and the ground structure 

is on a second surface of the substrate opposite the first surface of the substrate. 

 

4. The antenna according to any one of claims 1 to 3, further comprising: 

a further substrate below the substrate; 

wherein the ground structure is between the substrate and the further substrate. 

 

5. The antenna according to any one of claims 1 to 4, 

wherein the ground structure is a plate. 

 

6. The antenna according to any one of claims 1 to 5, 

wherein the ground structure is configured to be connected to ground. 

 

7. The antenna according to any one of claims 1 to 6, further comprising: 
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a plurality of substrate integrated waveguide (SIW) feeding structures, each of the 

plurality of substrate integrated waveguide feeding structures connected to a 

respective feeding coupler of the plurality of feeding couplers. 

 

8. The antenna according to any one of claims 1 to 7, 

wherein the plurality of feeding couplers comprises coaxial connectors. 

 

9. The antenna according to any one of claims 1 to 8, 

wherein the plurality of feeding couplers comprises 17 feeding couplers. 

 

10. The antenna according to any one of claims 1 to 9, further comprising: 

a plurality of metamaterial cells forming a meta-surface. 

 

11. The antenna according to claim 10, 

wherein each of the plurality of metamaterial cells is a strip structure, a c-shaped 

structure, a cross-shaped structure, a double ended arrow structure, or a diagonal 

square structure. 

 

12. The antenna according to claim 10 or claim 11, 

wherein the plurality of metamaterial cells is configured to convert linearly 

polarized waves emitted by the radiator into circularly polarized (CP) waves. 

 

13. The antenna according to any one of claims 10 to 12, 

wherein the plurality of metamaterial cells is embedded in the substrate between 

the radiator and the ground structure. 

 

14. The antenna according to any one of claims 10 to 12, further comprising: 

a suspended substrate above the radiator; 

wherein the plurality of metamaterial cells is in contact with a surface of the 

suspended substrate. 
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15. The antenna according to claim 14, further comprising: 

a plurality of further metamaterial cells forming a further meta-surface in contact 

with a further surface of the suspended substrate opposite the surface of the 

suspended substrate. 

 

16. A method of forming the antenna, the method comprising: 

forming a radiator in contact with a substrate, the radiator comprising a plurality 

of grid cells; 

forming a ground structure spaced from the radiator, the ground structure 

comprising a plurality of apertures; and 

forming a plurality of feeding couplers connected to the radiator, each of the 

plurality of feeding couplers passing through a respective aperture of the plurality 

of apertures; 

wherein the radiator comprises a plurality of feeding nodes; 

wherein each of the plurality of feeding couplers is connected to a respective 

feeding node of the plurality of feeding nodes such that excitation currents are 

provided by the plurality of feeding couplers to the plurality of feeding nodes to 

excite the radiator; 

wherein a first group of the plurality of feeding nodes lies along a first line;  

wherein a second group of the plurality of feeding nodes lies along a second line 

perpendicular to the first line; 

wherein a third group of the plurality of the feeding nodes lies along a third line at 

an angle 45° between the first line and the second line; 

wherein a fourth group of the plurality of feeding nodes lies along a fourth line 

perpendicular to the third line; and 

wherein a central feeding node of the plurality of feeding nodes is at an 

intersection between the first line, the second line, the third line, and the fourth 

line such that a full-range switched beam pattern is achieved by exciting the 

radiator through controlling the excitation currents provided by the plurality of 
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feeding couplers to the plurality of feeding nodes to generate tilted beams in 

different directions. 

 
 

 


