
 InternatIonal Journal of electronIcs & communIcatIon technology 7

IJECT Vol. 2, IssuE 3, sEpT. 2011ISSN : 2230-7109(Online)  |  ISSN : 2230-9543(Print)

w w w . i j e c t . o r g

Abstract
In a novel application slabs of S-shaped ring resonators (SSRRs) 
are used to fill the arms of an X-band E-plane waveguide 
T-junction, for construction of a dual band power divider. The 
Structure is investigated both theoretically and experimentally. 
It is shown that the structure can be used in a wide frequency 
band below cut-off frequency of the hollow waveguide T-junction 
with low insertion loss. The frequency range of each of the two 
operation bands can be adjusted by using tunable properties 
of metamaterials. Moreover, the frequency ranges of wave 
transmission to output ports are completely different when 
using different metamaterial slabs in output arms of power 
divider. These types of power dividers can find application in 
feeding of multifunction array antennas.
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I. Introduction
Dear Since spilt ring resonators (SRRs) were proposed by 
Pendry et al [1] in 1999 for realizing negative µ material at a 
given frequency, several modified shapes of these elements 
have been proposed in the literature [2-6]. The resonance 
of SRR can be tuned by varying the geometrical parameters 
of the SRR [7-9] and substrate properties [10]. Resonance 
behavior and tunable properties of SRRs are very useful in 
many microwave and antenna applications. For example, these 
elements are used to develop frequency selective structures 
such as microstrip bandpass filters [11, 12] in planar structures. 
Also, SRR loaded waveguides used as waveguide bandstop 
filters have been described [13, 14].
Rectangular waveguide components have been widely utilized 
in microwaves, radars, and antenna technology for almost 
six decades due to their low loss and high power handling 
capability. In many applications, it is desirable to control the 
frequency response of the waveguide components in order to 
use them in multiband devices.
A rectangular waveguide loaded with SRR as uniaxial 
metamaterial has been already investigated [15-16]. This 
structure supports backward wave propagation below the 
cutoff frequency. Therefore, its transversal dimension can be 
miniaturized. Tunneling phenomenon has been explained in the 
proposed waveguide by transmission matrix theory [17, 18].
S-shaped ring resonators (SSRRs) that have less insertion 
loss and wide bandwidth for backward wave propagation, 
proposed and have been analyzed by Chen et al [4,19]. In [20], 
these elements were used in the form of anisotropic uniaxial 
metamaterial with transversal negative effective permeability 
for wave propagation below the cutoff frequency of a hollow 
rectangular waveguide.
 In [21], a slab of SSRRs is used to fill a rectangular waveguide 
for construction of a band-rejection waveguide filter with 
controllable cutoff frequency and bandwidth. In that work, the 

cutoff frequency and rejection band bandwidth of the filter were 
controlled by changing the slab substrate properties (permittivity 
and thickness) and its position inside the waveguide.
Waveguide T-junction is a three-port device that is used to split 
an input signal from port 1, into two outgoing signals from ports 
2 and 3. In this component, a septum is used for minimizing of 
wave reflection. In this paper, effects of using a slab of SSRRs 
in each arm of an X-band E-plane waveguide T-junction are 
investigated. It is shown that the structure can be used below 
the cut-off frequency of its dominant mode TE10 (6.56 GHz). 
Also, it is demonstrated that the structure can be used as 
dual band waveguide power divider. The frequency response 
of the structure is dependent on resonance frequency and 
frequency band of negative µ in the metamaterial. Hence, it is 
possible to adjust the power divider characteristics by tuning 
the effective properties of metamaterials. The frequency range 
of each of the two operation bands can be adjusted by changing 
the dimensions of S-shaped elements and the position of 
metamaterial slabs inside the waveguide. Non-symmetrical 
use of metamaterial slabs in the structure can result in a non-
symmetrical device, so that the frequency range of s21 can be 
completely different from s31.

II. Analysis of the Structure
An X-band E-plane waveguide T-junction consisting of a 
metamaterial loaded X- band WR90 rectangular waveguide 
(22.86 × 10.16 mm) in each arm is shown in Fig. 1. A slab 
that consists of extended S-shaped elements with resonance 
frequency at 8.8 GHz [21] is placed along the axial plane of 
each waveguide. The unit cell dimensions and the photo of the 
fabricated slab are shown in Fig. 2. Each arm of the T-junction 
is terminated to a C-band empty waveguide. Each metamaterial 
slab contains 15 extended S-shaped elements printed on both 
sides of a 0.508 mm thick Rogers RT Duroid 5880 of relative 
permittivity 2.2, in the opposite direction with lattice constant 
of 4 mm. The unit cell dimensions are the same dimensions as 
reported in [21].We simulated the structure of Fig. 1 by using 
Ansoft HFSS-11 (based on the finite element method).

Fig. 1: A metamaterial filled E-plane waveguide T-junction.

Adjustment of Waveguide Power Divider Properties by 
Changing the Dimension of S-shaped Ring Resonators 

1Dr. Jafar.Khalilpour, 2M.Akbari, 3M.Koohestani
1Faculty of Electrical Engineering, Aeronautical University of Science &Technology, Tehran, Iran 

2Faculty of Engineering, Department of Electrical Engineering, Urmia University, Urmia, Iran 
3Faculty of Engineering, Science and Research Branch, Islamic Azad University, Tehran, Iran



8 InternatIonal Journal of electronIcs & communIcatIon technology

IJECT Vol. 2, IssuE 3, sEpT. 2011 ISSN : 2230-7109(Online)  |  ISSN : 2230-9543(Print)

w w w . i j e c t . o r g

Fig. 2(a): Unit Cell Dimensions. (b) Photo of Metamaterial 
Slab

The amplitude of wave transmission coefficient from port 
1 to port 2 (S21), and 3 (S31) are shown in Fig.3. For 
comparison, wave transmission coefficients in absence of 
metamaterial slabs are also shown in this Fig.. It is evident 
that the structure composed of metamaterial can be used as 
a dual band waveguide power divider. It is clearly observed 
that power division in X-band waveguide T-junction loaded with 
metamaterial occurs even below the cutoff frequency of its 
dominant mode TE10 (6.56 GHz), i.e. from 4.3 GHz to 6.56 GHz, 
due to the effective dielectric permittivity of the metamaterial. 
On the other hand, power division in the hollow structure occurs 
at the cutoff frequency of its dominant mode (6.56 GHz). In 
the case of metamaterial loaded structure, a stopband exists 
between about 8.8 and 13.9 GHz coinciding with the region of 
negative µ of the metamaterial [21]. Second pass band starts 
from 13.9 GHz. Loaded and empty T-junction structures have 
some ripples in frequencies equal to 13.85 and 14.7 GHz. This 
phenomenon occurs due to mismatch of X-band and C-band 
waveguides.

Fig. 3: Magnitude of S21 and S31 parameters of waveguide 
power divider  with (solid line) and without metamaterial 
(dashed line).

III. Experimental Verification
In order to verify the simulation results, three slabs of S-shaped 
metamaterial samples have been fabricated and inserted into 
the T junction arms. Test setup consists of two C-band coaxial-
to-rectangular waveguide adaptor, a C-band waveguide match 

load, and an X-band E-plane waveguide T-junction loaded 
with metamaterial. Fig. 4 shows the experimental setup. The 
transmission coefficients of wave transmission from port 1 to 
ports 2 (S21) and 3 (S31) have been measured in the frequency 
range from 4 to 15 GHz using a HP8722D network analyzer. 
The measured transmission coefficients of the structure are 
shown in Fig. 5. It can be seen that measured and simulated 
results are in good harmony, although experimental results 
have narrower stopband and more insertion loss than the 
simulation results. This is expected because the slabs have 
been assumed lossless in the simulation. Also, ripples in the 
passbands of the structure in the experimental results are due 
to the dispersive property of the metamaterial.

Fig. 4: Photo of experimental setup.

Fig. 5: Magnitude of measured and simulated S21 and S31  
parameters of the proposed T-junction structure.

IV. Effects of Varying Dimensions of Elements
It is known that the frequency range of the two pass 
bands and stopband of the structure is determined by the 
resonance frequency and frequency band of negative µ in the 
metamaterial. Therefore, it is possible to control the power 
divider characteristics by tuning the effective properties of 
the metamaterial. The effects of changing the dimensions 
of metamaterial unit cell on the frequency response of the 
structure are investigated as follows.

A. Changing the Length of Tracks
Increasing the track length of S-shaped elements will increase 
the equivalent capacitance of the equivalent circuit model 
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and filling factor of the metamaterial [19], and hence, the 
resonant frequency of elements will be decreased. Thus, the 
upper cutoff frequency of the first pass band is forced to go 
down. Increasing track length will also increase the effective 
permittivity of the waveguide and the width of pass band below 
the cutoff frequency of dominant mode  (TE10). The frequency 
response of the structure versus the length of tracks (z in Fig. 
2), while keeping other element dimensions unchanged, is 
shown in Fig. 6. It is shown that increasing. 

Fig. 6: Magnitude of S21 and S31 parameters of the waveguide  
power divider for various track lengths.

The track length of S-shaped elements from 2 to 2.6 mm will 
diminish the propagation beginning frequency of the structure 
from 5.1 GHz to 3.5 GHz. It is also demonstrated that increasing 
the track length of S-shaped elements will shift the frequency 
ranges of two pass bands to lower values. In addition, the width 
of stop band is increased from 4 to 6.3 GHz.

B. Changing the Width of Tracks
Fig. 7 shows the frequency response of the power divider for 
various track widths of S-shaped elements, while keeping 
the track length unchanged. This Fig. shows the amplitude of 
S21 and S31 parameters of the power divider for track widths 
changing from 0.3 to 0.6 mm. Fig. 7 obviously shows that 
increasing the track widths of the unit cell will increase the 
upper cutoff frequency of the first passband from 8.3 to 10 
GHz, while its lower cutoff frequency is remained unchanged. 
In other words, bandwidth of the first passband is increased 
from 3.9 to 5.6 GHz. The propagation beginning frequency of 
the structure in the second passband is also increased from 
13.4 to 14.5 GHz, so that the width of rejection band between 
two passbands is almost constant.

Fig. 7: Magnitude of S21 and S31 parameters of the waveguide  
power divider for various track width values.

V. Asymmetrical power divider
Using metamaterial slabs with different parameters in two 
output arms of T-junction can result in a completely different 
frequency range of power transmission into the output ports. 
In this case, the frequency response of the structure can be 
asymmetric. Let us consider a T-junction loaded with two 
identical metamaterial slabs on the input arm and one of 
the output arms (corresponding with port 2) and without any 
slab in third arm (corresponding with port 3). Amplitude of 
transmission coefficients S21 and S31 of power divider in this 
case is shown in Fig. 8. Since effective permittivity of waveguide 
in third arm is ε0, beginning frequency of wave transmission 
from port 1 to ports 3 (S31) is equal with the cutoff frequency 
of its dominant mode TE10 (6.56 GHz), while existence of 
metamaterial slabs in arms 1 and 2 causes the beginning 
frequency of wave transmission from port 1 to port 2 (S21) to 
became much lower (4.3 GHz).

Fig. 8: Magnitude of S21 and S31 parameters of the waveguide 
power divider without any slab in third arm.

VI. Conclusion
In this paper, the effects of using a slab of S-shaped ring 
resonators in each arm of an X-band E-plane waveguide 
T-junction are investigated. Experimental and numerical 
simulations of structure show that the power divider can be 
operated in a wide frequency band extended to below the cut-
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off frequency of hollow structure. Also, it is shown that the 
structure can be used as a dual band waveguide power divider 
with adjustable frequency range of two passbands and the 
width of the rejection band between them. Frequency response 
of the structure can be controlled by changing the geometrical 
parameters of S-shaped elements. Also, an asymmetric power 
divider is proposed by deleting one of slabs. These types of 
power dividers can be utilized in feeding of multifunction array 
antennas. 
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