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Abstract ─ A novel filtering waveguide with bandwidth 

controllable characteristic is proposed in this work. The 

filtering waveguide consists of a common rectangular 

waveguide and metamaterial-based metallic bars. The 

proposed waveguide is designed for Ku-band application. 

Inside the operational frequency band, the metallic bars 

forming a metamaterial surface can behave as perfect 

electric conductor (PEC), which generates a pass-band 

for signal transmission, while outside the band of interest, 

the metallic bars act as perfect magnetic conductor 

(PMC) and block the transmission of undesired signals, 

where a stop-band is formed. After integrating the pass-

band and stop-band features into the waveguide, a 

customized waveguide with filtering response is realized. 

A prototype of the proposed filtering waveguide is 

fabricated with the advanced metallic 3D printing 

technique, and experimental results well verify the 

desired performance. Moreover, the pass-band and 

stop-band of the filtering waveguide can be flexibly and 

easily adjusted to meet different requirements with low 

insertion loss. 

Index Terms ─ Bandwidth controllable, filtering 

waveguide, low loss, metamaterial. 

I. INTRODUCTION
With the development of wireless communication, 

high-frequency devices are always desired to be highly-

integrated and versatile with compact size and 

lightweight. As two important microwave components, 

waveguide-based antennas and filters are frequently 

employed in advanced wireless systems like radar and 

satellite [1]-[7], where the filters are usually cascaded 

behind the antennas via waveguide connection. 

However, such traditional ways for cascading different 

components with waveguides result in a bulky size of the 

hardware system, which fails to meet the current wireless 

development requirements. Therefore, it is necessary to 

investigate multi-functional devices in a high-integration 

level. Waveguides integrated with filtering function 

are one of these devices and continually playing an 

important role in modern communication systems due to 

their unique radio-frequency (RF) advantages such as 

low insertion loss and high-power handling capabilities 

[8]. However, it is always challenging to realize such 

versatile three-dimensional components in a simple way. 

Metamaterial is an artificial material proposed 

decades ago. It typically consists of a series of periodic 

electromagnetic (EM) structures or unit cells that can 

change the characteristics of incident electromagnetic 

waves, such as the direction of propagation, wave 

number and phase [9]. In recent years, the application 

of metamaterial structures to achieve filtering response 

in various microwave devices becomes a hot topic. 

Different methods for designing filtering structures 

with metamaterial have also been widely studied. For 
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example, a magnetic wall made of mushroom-shaped 

metamaterial was added into rectangular waveguide  

[10], [11], the analysis of which shows that the critical 

frequency of such a waveguide depends on the 

metamaterial resonance frequency and is close to 4 GHz, 

where the considered structure acts as waveguide filter 

and provides 500 MHz stop-band with rejection level of 

21~24 dB. Although it could perform filtering function 

in a waveguide, this structure is too complicated to 

realize and had a relatively large insertion loss. Recently, 

a design approach of a waveguide slot filtering antenna 

array was proposed [12]. In this design, a metamaterial 

surface with numbers of metal nails are embedded  

into the bottom of the waveguide cavity to achieve the 

filtering response, where slots are opened on the 

waveguide broad-wall to realize frequency resonance 

and energy radiation of the antenna array. Such structure 

has the advantages of simple structure, easy 

manufacturing and large stop-band range. However, 

several amounts of energy is easily retained in the gaps 

among the large number of metal nails, which has been 

verified a large insertion loss exists in this structure and 

finally results in a poor transmission performance. 

In this paper, in order to alleviate the above-

mentioned technical problems, a new type of filtering 

waveguide is proposed and realized with the help of 3D 

printing technique. Unlike the structures of the previous 

works, the presented design has a much simpler structure 

and lower loss, and the pass-band and stop-band  

can be easily adjusted to meet different application 

requirements. 

 

II. CONSTRUCTION OF FILTERING 

WAVEGUIDE 
The construction of the proposed filtering 

waveguide is shown in Fig. 1. As different from a 

conventional waveguide with complete solid metallic 

walls, the designed structure possesses a metamaterial-

based surface to take place of one of the broad-walls. The 

metamaterial-based surface is composed of periodic 

metallic bars. By employing such surface into the 

waveguide, the model is able to transmit a desired 

bandwidth of signal (pass-band) in the Ku-band while 

generating an out-of-band rejection (stop-band). In  

order to facilitate the experimental setup and test, two 

waveguide stepped transitions are designed to connect 

the two filtering waveguide ports with commercial 

coaxial-to-waveguide adapters. The structural parameters 

of the filtering waveguide shown in Fig. 1 are tabulated 

in Table 1, where a and b are the length and width of the 

rectangular waveguide respectively; w and h are the 

width and height of the metallic bars respectively; i is  

the interval among the metallic bars. Note that the length 

of the periodic bars is identical to the length of the 

waveguide broad-wall. In addition, I structure of the 

waveguide stepped transition is shown in Fig. 2. The 

transition is composed of four steps. Its structural 

parameters are tabulated in Table 1, where (b, b1, b2 and 

b3) and (c0, c1, c2, and c3) are the heights and widths of 

the four steps respectively. 
 

 
 

Fig. 1. Structure of the designed filtering waveguide. (a) 

3D-view of the whole filtering waveguide. (b) Top-view 

of the filtering waveguide. (c) Front-view of the filtering 

waveguide. (d) Side-view of the filtering waveguide. 
 

 
 

Fig. 2. Structure of the waveguide stepped transition. (a) 

3D-view of the waveguide stepped transition. (b) Front-

view of the waveguide stepped transition. 
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Table 1: Parameters of the filtering waveguide 

Parameter Value Parameter Value 

a 15.79 mm b1 5.6 mm 

b 5.06 mm b2 6.9 mm 

c 1.2 mm b3 7.89 mm 

w 5.5 mm c0 5.5 mm 

h 4.8 mm c1 7.0 mm 

i 0.7 mm c2 7.0 mm 

- - c3 5.5 mm 

 

III. DESIGN AND ANALYSIS OF THE 

FILTERING WAVEGUIDE 

A. Operational principle 

According to EM theory, the electric-field (E-field) 

propagates vertically between two parallel perfect electric 

conductors (PECs) at any spacing. However, when one 

of the two parallel PECs is replaced by a perfect 

magnetic conductor (PMC), the EM wave propagation 

property would be changed. Once the distance between 

the two conductors (PEC and PMC) is less than quarter 

wavelength of the operating frequency, propagation  

of the E-field no longer exists, i.e., its cut-off frequency 

is higher than that of all propagation modes [13].  

The periodic surface can create a cut-off band, which  

is realized theoretically by providing high surface 

impedance on the periodic structure, i.e., rendering it as 

an artificial magnetic conductor [13]. 
 

 
(a) 

 
(b) 

 

Fig. 3. E-field propagation of a waveguide with different 

constructions on the top and bottom surfaces. (a) A PEC 

top surface and a PEC bottom surface. (b) A PEC top 

surface and a PMC bottom surface. 
 

According to the principle mentioned above, a 

metamaterial-based surface with a customized structure  

can be designed so that it can appear as a PEC surface  

in the interested frequency band where signals can be 

transmitted freely, while at the same time, it can also 

perform as a PMC surface in a specific frequency band 

where undesired signals will be blocked, as shown in Fig. 

3. Therefore, a filtering function with pass-band and 

stop-band characteristics simultaneously is possible to 

be realized in a single waveguide. 

 

B. Analysis of the filtering waveguide 

According to the principle described in last sub-

section, the filtering waveguide can be established in the 

form of the configuration as shown in Fig. 1. To properly 

realize the PEC and PMC functional transformation in 

desired and undesired frequency bands, a metamaterial-

based surface consisting of periodic metallic bars is 

adopted and integrated to replace one of the waveguide 

broad-wall. The proposed filtering waveguide is designed 

in Ku-band operation. The EM model is analyzed  

and optimized in CST Microwave Studio® [14]. The 

transmission coefficient (characterized by S21) of the 

designed filtering waveguide is shown in Fig. 4, from 

which one can observe that the S21 response of the 

waveguide in the bandwidth of 12.0 GHz~15.5 GHz, is 

almost the same as that of a traditional waveguide, i.e., 

S21 is close to 0 dB due to the low insertion loss of the 

waveguide structure. More specifically, the insertion 

loss is less than 0.1 dB from 12.0 GHz to 14.5 GHz with 

reflection coefficient (characterized by S11) lower than  

-15 dB, which demonstrates good wave-propagation 

performance in the pass-band. 

On the other hand, there is a large attenuation 

appearing in the bandwidth from 16.2 GHz to 17 GHz in 

the designed filtering waveguide, as shown in Fig. 4. The 

reason is traced to the phenomenon that the proposed 

metamaterial-based surface operates as a PMC layer at 

the bottom of the waveguide in this frequency band, so a 

stop-band is obtained. 

To further illustrate the pass-band and stop-band 

performance of the proposed filtering waveguide, the  

E-field distribution at different frequencies inside the 

waveguide is shown in Fig. 5. In addition, the operating 

pass-band and stop-band of the filtering waveguide can 

be easily adjusted via properly choosing the parameters 

of the metamaterial-based surface. For instance, the 

height (h) and the width (w) of the metallic bars can be 

tuned to meet different requirements. As shown in Fig. 

6, the stop-band moves to lower frequency band as the 

height of the metallic bar becomes larger while the other 

parameters are kept unchanged. Similarly, as the width 

of the metallic bar increases, the stop-band becomes 

wider and shifts slightly to the lower frequency band at 

the same time. All of the above analysis verifies the 

proposed structure is a simple but efficient approach to 

function a desired filtering response in a waveguide. 
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Fig. 4. Simulated S21 of the filtering waveguide and 

traditional waveguide. 
 

 
 (a) 

 
 (b) 

 
 (c) 
 

Fig. 5. Top-views of the electric-field distribution in the 

proposed filtering waveguide at different frequencies. 
 

 
 

Fig. 6. Effect of various metallic bars’ heights on the 

filtering waveguide. 

 
 

Fig. 7. Effect of various metallic bars’ widths on the 

filtering waveguide. 

 

IV. EXPERIMENTAL RESULTS 
To prove the feasibility of the proposed filtering 

waveguide, a prototype waveguide has been fabricated 

by using 3D printing technology and tested with vector 

network analyzer (VNA) in laboratory. The prototype is 

3D printed in aluminum via the metal printing process 

called direct-metal-laser-sintering (DMLS) [15], [16], 

which can greatly reduce or even eliminate any assembly 

and alignment errors from traditional machining process. 

The final test model is assembled by the proposed 

waveguide and two standard WR-62 coaxial-to-

waveguide adaptors at both ends of the waveguide, as 

shown in Fig. 8. The measured S-parameters results of 

the filtering waveguide is presented in Fig. 9. As can be 

seen from the figure, the measured results are in good 

agreement with the simulated ones obtained from 

simulation environment. The pass-band and stop-band 

are roughly locating at the same range as the simulation, 

indicating that the designed filtering waveguide is indeed 

feasible in a compact waveguide volume. In addition, 

from the test results, it is observed that the stop-band  

is slightly narrower than the simulated one, which is 

mainly caused by minor tolerances on certain key 

structural parameters of the metallic bars during the 

DMLS manufacturing process. At the same time, as the 

internal surface and structure of the prototype are hard to 

polish while a planar surface with PEC surface is set in 

simulation, some uneven places can be observed in the 

waveguide, which introduces several amount of insertion 

loss into the filtering performance. Further fine post-

processing on the surface roughness of the prototype will 

help improve the filtering response. 
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Fig. 8. The prototype waveguide in test environment. 
 

 
 

Fig. 9. Simulated and measured S-parameters of the 

filtering waveguide. 
 

V. CONCLUSION 
A new type of filtering waveguide is proposed  

in this work. The filtering waveguide is configured by  

a conventional rectangular waveguide and periodic 

metallic bars as the metamaterial-based surface, 

functioning as a PEC in pass-band while PMC in stop-

band. The operating principle and design process have 

been illustrated. A 3D printed prototype was tested and 

the overall test results well agree with the simulated 

ones. The proposed design is also easily for customizing 

to different frequency bands’ application by adjusting 

certain structural parameters, which makes it more 

applicable to various advanced communication systems. 
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