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Abstract  In this paper, compact broadband 1×4, 1×8 and 1x16 SIW power dividers based on SIW chamfered right bend 
operating in Ku-band frequency and that provide equal power split in all output ports are presented. Substrate Integrated 
Waveguide is an artificial waveguide synthesized and constructed with linear arrays of metalized via-holes in the same 
substrate used for the planar circuit. In this paper SIW H plane chamfered right bend and dividers are simulated and optimized 
using 3D FEM simulator HFSS, also the frequency responses as the return losses, transmission coefficients and the field’s 
distribution are exposed. The concept is validated by simulations using CST Microwave Studio. These broadband SIW power 
dividers can be used widely in microwave and millimeter-wave circuits and system. 
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1. Introduction 
At high frequencies waveguide devices are preferred; 

however their manufacturing process is difficult. Therefore a 
new concept emerged: substrate integrated waveguide [1-3]. 
A typical SIW structure is constructed by two parallel rows 
of via holes having diameter d is repeated by a period of p, a 
substrate with height h and dielectric constant 𝜀𝜀r is 
sandwiched by the top and bottom plates of metal. It is now 
possible to fully integrate the transition, connecting planar 
transmission line, and waveguide on the same substrate   
[4]. Another attractive feature of substrate integrated 
waveguides is the large bandwidth they provide, as well as at 
higher microwave and millimeter-wave frequencies. The 
monomode bandwidth of the first dominant mode of the SIW 
is from the first cutoff frequency fc1 to approximately 2fc1. 
This large available pass band at high-frequencies makes the 
SIW a strong candidate as an interconnect for ultra wideband 
and high-speed data transmission.   

By the way, power dividers/combiners [5] are one of the 
key passive components to construct microwave circuits and 
subsystems. Power dividers are considered as one of the 
essential components in microwave systems. Numerous 
designs of microwave power dividers with various features   
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have been developed. Output matching and isolation of the 
power dividers are of great importance for achieving the high 
performance multi-way systems such as antenna array 
systems by minimizing the mutual coupling between the 
array elements. 

Since the SIW technology is still on the research level, it 
has to bring proof of its potential. In the Ku band [6, 7], all 
the components of a transmitter are the subject of a design 
followed by a validation. One of the transceiver component 
is the antenna feed network. For certain types of antennas 
this circuit can be a power divider. 

The main objective of this paper is the design of a 1 to 16 
SIW power divider that can feed from a single input power a 
16-port network antenna with equal amplitude and phase. 

In this paper, Ku-band 1×4, 1×8 and 1x16 SIW power 
dividers junction  designed from SIW chamfered right bend 
[6, 8], operating in the range frequency [12-18] GHz, are 
proposed and analyzed using 3D simulator HFSS software 
[9]. The obtained results are validated with those given by 
the CST Microwave Studio (MWS) [10]. 

The work of this paper is organized as follows. Optimized 
SIW chamfered bends are developed in Sect. 2. SIW T- 
junction with inductive post is given in Sect. 3. Validation 
and Simulation results of 1x4, 1x8 and 1x16 power dividers 
are presented in Sect. 4. Finally, conclusions are drawn in 
Sect. 5. 

2. Optimized SIW Chamfered Bends 
The rectangular waveguide bends are extensively used in 
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many microwave components such as wave transformers, 
power dividers, radar seekers, satellite beam forming 
networks. It is thus interesting to implement H plane corners 
in the form of SIW technology Figure 1a that have high 
performance rectangular waveguide components and can be 
integrated at low cost using standard PCB processes.  

Figure 1b depicts the top view of an H-plane SIW bend 

with right angle, which is constructed in a Fr4 substrate with 
dielectric constant εr=4.4 tanζ = 0.02. The width of the Ku 
band SIW has been determ1ined according to the cutoff 
frequency obtained from the empirical formulae [3]. The 
width of the bend is Wsiw=8.54mm, cylinder diameter is 
d=1.524mm, the cylinder spacing is p=2.54mm, the height of 
the substrate is H=0.508mm. 

 

 

(a) 

                  

(b)                                            (c)  

Figure 1.  Top view of SIW junction structure in H-plane (a) rectangular waveguide (b) Right bend (c) Chamfered bend with Aopt=Wsiw 

 

(a) 

    

(b)                                                              (c) 

Figure 2.  Top view of TE10 electric field magnitude in H-plane SIW junction F=15GHz, (a) Rectangular waveguide (b) Right bend (c) Chamfered bend 
with Aopt = wsiw 
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(a)                                                                    (b) 

Figure 3.  (a) Reflection coefficient of H-plane SIW junction (b) The corresponding transmission coefficient 

The common method to compensate the discontinuity of 
right bend in waveguide is to chamfrain [6] its corner in 
order to reduce the reflection. In [6] we have analyzed the 
compensation of the discontinuity of right bend Figure 1 and 
investigated the influence of the chamfered bends in SIW 
technology. The chamfrain is useful to reduce the losses at 
the right bend corner, and the position of the chamfrain 
depicted by Aopt Figure 1c, Aopt is the distance between the 
middle of the chamfrain and the inner corner of the right 
bend, introduces modification of the response of the bend 
following their inclination. It is found that is very important 
to maintain a uniform width Wsiw along the bend to obtain 
efficient signal transmission, we showed [6] that the ideal 
and optimal position of the chamfrain Figure 2 is obtained 
with Aopt =Wsiw. 

In order to compare the propagation characteristics [11] of 
Ku band SIW regular waveguide, right bend and chamfered 
bend Figure 2 they have been simulated using HFSS 
software. 

Figure 3 shows reflection coefficient S11 and the 
transmission coefficients S21 of SIW uniform rectangular 
waveguide, SIW right bend and SIW chamfered bend at 
Aopt=W. The transmission coefficients S21 are around 
-6.84dB over the entire band, since we opted for the epoxy 
dielectric substrate with dielectric losses of the order of 0.02 
also subject to conductive losses as it is not adapted to its 
ports. This comparison demonstrates that the response of a 
chamfered bend with Aopt=W is identical to that due to an 
uniform rectangular waveguide. 

3. SIW T-junction with Inductive Post 

The purpose of this paper is to extend optimized H   
plane chamfered right bend [6] in SIW technology, to the 

conception more general case of cascaded H-plane as power 
divider. In this study we developed the T-junction [5, 2] 
based on two chamfered right bends Figure 3 in order to 
broaden frequency band, knowing that the input wave is 
divided into two parts and output to port2 and port3 
respectively. An inductive post with optimized radius ri and 
position Li, is added in the T-junction in order to achieve low 
return losses at the input port [5]. These 3 port junctions are 
the cells with which we will build the more sophisticated 
power dividers. 

An interesting use for a power divider is to serve as a 
power supply for a network antenna, moreover if the 
junctions used show large bands of operation, it is very likely 
that the final structure [5] will in turn have a considerable 
bandwidth. In the optimization process we have tried to 
identify the parameters of the junction that significantly 
influence its performance. The Figure 4a shows the topology 
of the structure as well as important dimensional parameters. 
Some simulation iterations were necessary to obtain a first 
structure meeting our optimization criteria. This optimal 
junction and its simulated performances are illustrated in 
Figures 4-5. The propagation TE10 mode Figure 4b is not 
affected by the chamfered bend, allowing the wave to follow 
the direction of bends. The distance li between the center of 
the inductive cylinder and the bottom of the junction as well 
as its radius ri influence the optimal frequency and the level 
of reflection. 

In this section, we have analyzed the three port junction 
with HFSS and compared results with the CST Microwave 
Studio (MWS). From Figure 5a it can be observed that the 
transmission coefficients S21 and S31 have two graphs 
identical. Some differences are observed in the reflection 
coefficient S11 performance as shown in Figure 5b. Also in 
Figure 5c a very promising performance is obtained from the 
S21 and S31 phases in Ku band. 
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(a)                                                                                  (b) 

Figure 4.  (a) Top view of H-plane SIW three ports (b) TE10 electric field magnitude in SIW power divider f=15GHz  
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(b)                                                                  (c) 

Figure 5.  (a) The corresponding transmission coefficient S21 and S31 (b) Reflection coefficient of SIW power divider (c) Outports phase 

4. Validation and Simulation Results of 
1x4, 1x8 and 1x16 Power Dividers 

A 1x4 power divider: 
The study of Ku band SIW 1x4 power divider is a logical 

continuation of the basic junctions. In order to join the 
broadband aspect and low level of reflection we opted for the 
previous T-junction with inductive post. These junctions 
allow the power to be distributed to the 4 dividers while 
maintaining the phase uniformity at their outputs, by 

minimizing the changes of direction inside the structure  
also to minimize the dimensions and the complexity of the 
circuit. We present his optimized geometry design and his 
simulation Figures 6-7. The suggested SIW [11-13] structure 
Figure 6a is designed to support TE10 fundamental mode in 
the operating frequency range [12-18GHz] Figure 6b. The 
return loss, transmission coefficients and phase of 1×4 SIW 
power divider simulated using HFSS and CST Microwave 
Studio are presented in Figure 7a-c. 

° ]
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(a)                                                          (b) F=15GHz 

Figure 6.  (a) Top view of SIW 1x4 power divider (b) TE10 electric field magnitude in SIW 1x4 power divider 
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(b)                                                                 (c) 

Figure 7.  (a) The corresponding transmission coefficient (b) Reflection coefficient of SIW 1x4 power divider (c) Outports phase 

 
Figure 7a-b representing a comparison between 3D 

simulator HFSS and CST Microwave Studio respectively, 
the transmission coefficient and the reflection coefficient of 
the 1 × 4 SIW power divider that an excellent agreement 
between the two graphs is achieved.  

From Figure 7c we notice that the difference of phases 
between outputs accesses are very close to zero in Ku band. 
B 1x8 power divider: 

Also in the design of SIW 1x8 power divider Figure 8a we 
have cascading several junctions. We were interested 
especially at the level of reflection at the port of entry [12, 13] 
of this set cascaded. The commercial software CST 

Microwave Studio based on finite integration and HFSS are 
used to simulate and optimize the power divider. The 
propagation TE10 mode Figure 8b is not affected by the 
chamfered bend, allowing the wave to follow the direction of 
bends.  

Figure 9a-b shows the simulated performances of the 
junction, demonstrates that an excellent agreement between 
the two graphs is achieved. However, the shifts are small and 
occur in the return loss level. As the structure is symmetric 
the difference of phases Figure 9c between outputs accesses 
are very close to zero in Ku band. 
 

° ]
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C 1x16 power divider: 
In this approach we have sought to create SIW 1x16 power 

divider Figure 10a using four SIW 1x4 power divider 
identical to the one presented above. It was necessary that the 
addition of new stages does not disturb too much the 

performances [1, 11, 14] of the structure otherwise which 
present very little losses by reflection. It is observed Figure 
10b TE10 fundamental mode in the operating frequency 
range [12-18GHz].  

 

(a) 

 

(b) F=15GHz 

Figure 8.  (a) Top view of SIW 1x8 power divider (b) TE10 electric field magnitude in SIW 1x8 power divider   
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(b)                                                            (c) 

Figure 9.  (a) The corresponding transmission coefficients (b) Reflection coefficients of SIW 1x8 power divider (c) Outports phase  

 

(a) CST 

 

(a) HFSS 

 

(b) F=15GHz 

Figure 10.  (a) Top view of SIW 1x16 power divider (b) TE10 electric field magnitude in SIW 1x16 power divider 

The Figure 11a presents the level of transmission 
simulates on each of the sixteen ports of exit of the divider 
which corresponds to the parameter sn1 of the structure. At 
the simulation level, the dielectric and conduction losses are 
included, which explains why the transmission level skips 
the -15db. It can also be seen from Figure 11b that there   
has been little shift in s11, which validates the accuracy of 
the design. In addition, the 1 × 8 power divider presents 
excellent results since the two results are almost identical. 

The level of the reflection coefficients as well as the division 
level at each stage of the structure are very sensitive to the 
position of the inductive cylinder. The simulated results with 
HFSS and CST agree relatively well over the entire design 
band. Figure 11c shows the phase of the sn1 parameters 
simulated. The maximum phase variation between two ports 
at a given frequency is 5 to 10 degrees depending on the 
frequency. A device such as a passive antenna will not be too 
sensitive for this purpose. 

° ]
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(b)                                                                   (c) 

Figure 11.  (a) The corresponding transmission coefficient (b) Reflection coefficients of SIW 1x16 power divider (c) Outports phase 

 
5. Conclusions 

In this paper we have presented a method to design a 
broadband power divider in SIW technology. We 
approached the chamfered right bend, the T junction with 
inductive cylinder, the 1x4 compact divider, the 1x8 power 
divider and the 1x16 power divider for microwave and 
millimeter-wave applications. For each power divider we 
presented the design structure, its optimization parameters 
followed by simulation using 3D simulator HFSS and CST 
Microwave Studio. The proposed technique presents a 
competitive candidate for the development of millimeter 
wave circuits and systems. The simulated results using HFSS 
presents a smooth of the CST Microwave Studio results. 
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