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Abstract - This paper presents the design, synthesis, and implementation of a WR-34 band iris waveguide filter. It is 
composed of five resonators and six irises. The Chebyshev response filter operates at 28 GHz with afractional bandwidth of 
2.14%. An insertion loss method is used to synthesize the desired S-parameter filter responses. To validate the filter design, a 
simulation model is developed using the ANSYS High Frequency Structure Simulator (HFSS). The simulated S-parameter 
responses show good agreement with the theoretical results. 
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I. INTRODUCTION 
 
Mobile communication is one of the most important 
and successful technologies in our daily life. It has 
become an indispensable part of over billions of 
people around the globe owing to the technology 
breakthroughs and attractive value propositions. These 
days, we observed the trend of rapid rise of smart 
device users, increasing demand in video streaming 
and increasing popularity in data applications such as 
online banking, online shopping, gaming and 
navigation. This scenario has resulted in an 
unprecedented growth of mobile data traffic. Often, 
customers are always obsessed with a variety of 
spectrum based services, thus leading to a global 
bandwidth shortage. As a result, customers are 
expected to experience a slower internet service, and 
network congestion is expected to occur due to 
imbalance supply and demand. Today, we are using 
the Ultra High Frequency (UHF) band ranging from 
300 MHz to 3 GHz in almost all commercial radio 
communication channels including TV, satellite 
communication, cellular, GPS, Zigbee/Bluetooh and 
AM/FM radio [1, 2]. On the other hand, a large 
spectrum in the 3-300 GHz range remains 
underutilized.  The spectrum in the range between 3-
30 GHz is generally classified as the Super High 
Frequency (SHF) band, while 30-300 GHz is 
classified as the Extremely High Frequency (EHF) 
band. Since both SHF and EHF bands share similar 
propagation characteristics and their wavelengths are 
in the range from 1 to 100mm, the 3-300 GHz 
frequency spectrum is referred as the millimeter-wave 
(mm-wave) band [2].  To support the exponential 
growing demand on the spectrum based services, the 
underutilized millimeter-wave band is attracting 
researcher’s attention throughout the world and they 
are motivated to explore on the millimeter-wave 
frequency band to overcome the global bandwidth 
shortage[3].A millimeter-wave communication system 
is capable of accommodating for a larger bandwidth 
allocation, which can be directly translated into a 

higher data transfer rate. Often, millimeter-wave 
communication system is able to offer a fast data 
transfer rate up to multi-gigabits-per-second [1, 2, 4]. 
Hence, millimeter-wave communication technique is 
recognized as a viable technology that can be used as 
the backbone to satisfy and support the explosive 
growing demand on the spectrum based services for 
the next generation of 5G mobile networks.  
In this context, filters are one of the key devices that 
play an important role in millimeter-wave 
communication.  They are used to separate between 
the wanted and unwanted signals frequencies. The key 
problem in filter designs is that the passband insertion 
loss is inversely proportional to the filter bandwidth. 
Therefore, it is often the case that, in order to realize 
the design of a sharp filter with a low passband 
insertion loss for the purpose of very narrow band 
applications, an extremely high Q resonator factor 
must be applied. The planner Microstrip filter cannot 
be used to design a filter at the millimeter-wave band 
due to its inherent small Q resonator factor, large 
passband insertion loss, and poor stopband 
suppression. Similarly, the coaxial filter is not a 
suitable candidate because it gives a Q resonator 
factor of at most 5,000, and the cut-off frequency is 
limited.  
 
The aforementioned problems in the current filter 
technologies lead to the need for innovation in 
waveguide filter designs. A air-filled waveguide filter 
enable an extremely high Q resonator factor up to 
20,000. The characteristics of a waveguide filter 
which offer to achieve a low passband insertion loss 
and a high suppression requirement to be realized will 
be a proper technology to be used in future 5G mobile 
networks.  
 
In this research, a fifth-order Chebyshev response 
waveguide filter is synthesized by using circular 
inductive irises. The waveguide filter is composed of 
five resonators and six irises. The filter design is then 
validated by constructing a working simulation model 
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using the ANSYS High Frequency Structure 
Simulator(HFSS). The simulated S-parameters 
responses are analyzed and compared with those of 
the mathematical model. The organization of this 
paper is as follows.  In Section II, the theoretical 
principles used to design the filter are explained.   The 
simulation results using the ANSYS HFSS software 
are presented in Section III.  Conclusions and 
recommendations for future work are presented in 
Section IV. 
 
II. THEORETICAL PRINCIPLES OF THE 
FILTER 
 
Waveguide bandpass filters can be developed from 
uniform lengths of waveguide loaded with shunt 
discontinuities. The irises in the waveguide act as 
shunt inductive discontinuities, while the cavity of the 
waveguide between irises are half wave resonators. 
The inductive irises that are connected across the 
broad wall of the guide behave as an impedance 
inverter over relatively broad bandwidths [5]. 
Therefore, the physical structure of a waveguide 
bandpass filter has an equivalent circuit consisting of 
passband resonators separated by a cascade of 
frequency dependent inverters. In general, the S-
parameters transfer function expressions of a 
waveguide bandpass filter can be formulated as [5]:  
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where ε is the ripple level constant, λg is the guided 
wavelength; λg0 ≈ (λg1 + λg2)/2 with λg1 and λg2 are 
guided wavelength at the upper and lower band-edge 
frequencies,respectively, α = [ (λg1 / λg0) sin (π λg0 / 
λg1)]-1; and TN is the Chebyshev polynomial of N 
degree. For a Chebyshev response filter, the 
Chebyshev polynomials, TN, can be formulated as [5]: 

)()(2)( 11    NNN TTT                                  (2) 
with initial condition T0(ω)=1 and T1(ω)= ω 
Fig. 1 illustrates the mathematical model [5] with S-
parameter responses for a fifth-order Chebyshev 
polynomial T5(ω) = 16ω5 - 20ω3 + 5ω simulated using 
MATLAB. An insertion loss method is used to 
synthesize the desired filter response. 

 

 
Fig 1:  Mathematical model with S-parameter responses for 

fifth-order Chebyshev response waveguide filter with T5(ω) = 
16ω5 - 20ω3 + 5ω. 

Using a pre-determined filter order, N=5, the 
approximate initial dimensions for all resonators and 
irises can be determined, as explained in [5, 6]. 

 
III. SIMULATION RESULTS 
 
The standard WR-34 waveguide, with its operating 
frequency range from 22 GHz to 33 GHz is chosen.  
Its cutoff frequency is 17.357 GHz and its internal 
dimensions are 8.64mm × 4.32mm. The designed 
filter is symmetric in geometry. The designed filter 
operates at 28 GHz with a return loss level better than 
15 dB for the entire passband and a fractional 
bandwidth of 2.14%. Fig. 2 illustrates the 3D 
structure of the designed 5-cavity iris waveguide 
filter, together with its filter parameters. Tuning 
screws are added to the waveguide filter to tune 
toward the desired filter responses.  Specifically, 
there are 6 inductive irises and 7 tuning screws.  The 
tuning screws are added to the center of each 
resonator, including one before and one after the 
inductive iris from the wave port. Each tuning screw 
acts like an inductive iris, but it does not have an end-
to-end touch of the guide. The final optimized filter 
parameters, including the tuning screws design 
parameters are as follows: d0= d5=1.096mm,d1= 
d4=2.315mm, d2= d3=2.436mm, l1= l5=5.557mm, l2= 
l4=5.616mm, l3=5.572mm, h1= h7=0.658mm,h2= 
h6=0.015mm, h3= h5=0.262mm,h4=0.332mm, 
L=45.72mm,D=2.571mm,th=5mm,X=3.054mm,wher
e parameter d is the diameter of the irises, lis the 
length of the resonators, h is the height of the tuning 
screws, L is the length of the waveguide, D is the 
diameter of the tuning screws, th represents the 
thickness of the waveguide and X is the length before 
and after the first and last inductive post from the 
wave port. The thickness of the waveguide is kept 
constant at 5mm for fabrication consideration. 

 
Fig 2:   The 3D structure of the fifth-order waveguide filter 

using circular inductive posts.Design parameters at 28 GHz: a 
=8.64mm, b=4.32mm,d0= d5=1.096mm, d1= d4=2.315mm, d2= 

d3=2.436mm, l1= l5=5.557mm, l2= l4=5.616mm, l3=5.572mm, h1= 
h7=0.658mm, h2= h6=0.015mm, h3= h5=0.262mm, h4=0.332mm. 

 
In Fig. 3, the simulated S-parameters responses are 
compared and analyzed with those of the theoretical 
responses. The simulated bandwidth and center 
frequency of the filter show a perfect agreement with 
the theoretical responses. The simulated return loss 
level depicts a satisfactory performance, that is better 
than 8.3405 dB for the entire passband, in contrast 
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with the theoretical results of 15 dB. The S-
parameters simulation results also indicate that the 
filter has an lower and upper stopband insertion loss 
measurements of-105.18dBand -84.59 dB at 26 GHz 
and 30 GHz, respectively, which are slightly away 
from the theoretical response. This filter can achieve 
a 600 MHz bandwidth with a passband insertion loss 
level less than 1 dB. 

 
Fig 3:  Simulated and theoretical S-parameters responses. 

 
CONCLUSIONS AND RECOMMENDATIONS 
 
The design and validation of a fifth-order millimeter-
wave iris waveguide filter using circular inductive 
irises is presented in this paper. The main 
contribution of this research is that the designed iris 
waveguide band pass filter serves as a viable filtering 
device to exploit the millimeter-wave band, in order 
to offer a large bandwidth and a fast data transfer rate 
for satisfying the growing demand of spectrum based 

services in future 5G mobile networks. The 
simulation responses of the filter show a good 
agreement with the results from the theoretical model, 
which depict a low passband insertion loss and a 
good return loss level for the entire passband. For 
further work, fabrication of the waveguide filter will 
be carried out and measurement results will be 
analyzed and compared with those of the simulation 
model. 
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