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Abstract 
 

A one-bit coding metasurface is proposed and employed in 

a microwave heating cavity to improve the electric field 

uniformity. The proposed metasurface can split the 

incident beam into multiple ones, resulting in a more 

uniform field distribution. Simulation results show that the 
relative standard deviation (RSD) of the electric field 

distribution in the cavity decreases from 0.63 to 0.44 when 

the proposed metasurface is put in front of one cavity wall. 

 

1 Introduction 

 
Microwave heating has been applied in our daily life for 

many years [1]. However, non-uniformity is still the main 

factor which limits its wide applications in industry [2]. 

Heating uniformity is mainly determined by the 

electromagnetic field distribution inside an microwave 

cavity. Nonuniform heating may lead to local overheating 

of the object, resulting in hot spots and thermal runaway[3]. 

To improve the uniformity of microwave heating, some 

acknowledged technologies such as mechanical mode 

stirring, the rotating turntable, the selected or swept 

frequency, and optimization of the size and shape of the 

heating target, are proposed [4][6].  The mechanical mode 

stirring and rotating turntable are conventional ways for 

uniform heating, and the latter two methods also provide 

effective alternatives to improve the heating homogeneity.  

 

Electromagnetic metasurfaces are 2D arrays which are 

designed to flexibly manipulate the incident 

electromagnetic wave [7]. In this paper, a metasurface 

which can split the incident beam into multiple ones is 

proposed and utilized in a microwave heating cavity to 

improve the field uniformity. The proposed coding 

metasurface is attached on a side wall of the cavity to 

scatter the electromagnetic waves into multiple directions. 
Simulation results demonstrate that the filed uniformity 

with the proposed metasurface in the cavity is effectively 

improved. 

 

2 Improvement of Field Uniformity Using 

Metasurface  
 

2.1 Design of the Beam-Splitting Metasurface 

 
The electromagnetic wave incident to the metallic wall in 

the microwave cavity is usually reflected in a direction 

specified by Snell’s law. The superposition of the incident 

and reflected waves form a standing wave distribution in 

the cavity, even in a multi-mode cavity. Different from the 

reflection from the metallic wall of the cavity, the reflected 

wave can be manipulated by a uniquely designed 

metasurface to propagate in multiple directions. This may 

lead to a more uniform field distribution in the cavity.  

Therefore, a 1-bit coding metasurface is designed to split 

the incident beam into multiple ones.  The “0” and “1” 

element in such a metasurface have 2𝜋 phase variations 

according to [8]. Scattered patterns can be controlled by  

the layout of these “0” and “1” elements. Based on this 

concept, diffusion metasurfaces have been realized with 

the aid of optimization methods [9][10].  

 

The proposed “0” and “1” elements here are both square 

rings, as shown in Figure 1 (a) and (b). The dimension size 

of each element is 10 mm  10 mm. The metellic square 

rings are etched on the 2 mm thick F4B substrate with 

dielelctric constant of r = 2.65 and loss tangent of tg = 

0.001.  

     
(a)                                  (b)  

 
Figure 1. The proposed (a) “0” and (b) “1” elements in 

the 1-bit coding metasurface. 

 
Usually, a metallic ground plate is attached at the bottom 

of the substrate. However, such a design requires as large 

as nearly 30 mm periodicity of each element to generate the 

expected phase change at operating frequency of 2.45 GHz 

± 50 MHz for microwave heating. The area of the cavity 

wall is limit, which demands for the miniaturized design of 

“0” and “1” elements.  

 

To reduce the dimension size of the element, the metallic 

wall of cavity is regarded as the bottom ground, the F4B 

substrate with the proposed square rings on its top is put 14 

mm away from the metallic wall. By introducing the air gap 

between the ground and F4B substrate, the dimension size 

of the “0” and “1” elements reduce to 10 mm. As a result, 

the metasurface layout with enough number of “0” and “1” 

elements is obtained at 2.45 GHz to provide required phase 

variation for coding, as shown in Fig. 2.  
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Figure 2. Phase response of the metasurface with only “0” 

or “1” elements 

 

To manipulate the reflected beam direction and thus obtain 

a relatively uniform backward scattering, an abrupt phase 

change on the metasurface interface is introduced to fully 

control the wavefront based on the generalized Snell’s law 

[11]. The scattered energy is expected to be uniformly 

distributed in all directions to improve the filed distribution 

homogeneity in the cavity. Consequently, the “0” and “1” 

unit cells which are composed of 3  3-elements are 

randomly arranged, as shown in Fig. 3. As a result, the 

phase of reflected wave from each cell can be distorted as 

much as possible rather than in an equal or gradient shifting 

manner [12].  

 

            
 

Figure 3. Random layout of 1-bit coding metasurface with 

dimension size of 180 mm  180 mm 16 mm (14 mm-

thick air layer and 2 mm-thick F4B substrate) 

 

 
 

Figure 4. Scattered pattern for normal incidence.  

 

Commercial software CST is employed to simulate the 

performance of the designed metasurface. The scattered 

field pattern for normal incidence is shown in Fig. 4. It is 

obvious that the reflected wave is scattered into multiple 

directions in a relatively uniform distribution. 

 

3 Application of the Proposed Metasurface  
 

The proposed 1-bit coding metasurface is applied to the 

microwave heating cavity for uniformity improvement of 

the field distribution. The dimension size of the cavity is 

291 mm  291 mm  186 mm. The proposed metasurface 

is put in the front of the wall opposite to the microwave 

feeding port of the cavity, as shown in Figures 5 (a) and (b). 

 

  
(a)                                     (b) 

 

Figure 5. The microwave heating cavity with metasurface:  

(a) front view and (b) side view.  

 

Figure 6 shows the electric filed distribution at a plane 45 

mm higher than the bottom of the cavity. It is clear that the 

field distribution becomes more uniform by introducing the 

metasurface into the cavity. The area with very small 

electric field value considerably shrinks in Fig. 6(b).  

 

   
(a)                                                (b) 

 

Figure 6. Electric field distribution at a plane 45 mm 

higher than the bottom of the cavity (a) without and (b) 

with the proposed metasurface.  

 

The values of electric field at different positions in the 

cavity are extracted at the step of 5 mm. Totally, electric 

field values at more than 100000 points are exported. Then, 

the relative standard deviations (RSDs) of the electric field 

with and without the proposed metasurface are derived and 

compared in Table I.  

 

Table 1． Relative standard deviation with and without the 

proposed metasurface 

 

 RSDs 

Without metasurface 0.63 

With metasurface 0.44 
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The RSD of electric field decreases from 0.63 to 0.44 by 

employing the beam-splitting metasurface. This 

demonstrates the improved uniformity of filed distribution 

in the microwave heating cavity. 

 

4 Conclusions 

 

In this paper, a beam-splitting metasurface is proposed and 

employed to improve the electric field uniformity in a 

microwave heating cavity. Both the electric field 

distribution and relative standard deviation of the electric 

field demonstrate the uniformity enhancement of the field 

distribution in the cavity. Due to the intensive computation 

cost, the layout of the “0” or “1” elements in the proposed 

metasurface has not been optimized to provide better field 

uniformity. Future work may include this, introducing 

more beam-splitting metasurfaces in microwave heating 

cavity, and taking the practical heating process into 

consideration.  
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