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Abstract: This article introduces the technical study, design, 

fabrication and testing of a microstrip coupler using artificially 

develop material. It is designed for microwave lower C-band 

applications. The dielectric substrate used here is FR-4 having 

dielectric constant 4.4. The novelty of this microstrip 3 dB 

backward coupler includes use of single negative material i. e. 

Epsilon Negative Material (ENG) for improvement and 

enhancement of standard physical and electrical specifications and 

parameters. Electromagnetic simulation results at 5 GHz match 

with the test measurement results of the fabricated coupler 

obtained using laboratory set up of Vector Network Analyzer. It 

presents new concept of inserting strip instead of rod structure to 

make Double Positive Structure (DPS) material an Epsilon 

Negative material. 
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I. INTRODUCTION 

he emerging trend in technology and engineering is due to 
the advancements in the radio communication system. 

The operation of microwave surface mounted components and 
their characteristics has attracted the attention of various 
researchers. Passive components, such as power divider, 
filters, antennas and microstrip power couplers mainly being 
set up for low microwave applications are those where 
conclusively microwave power loss occurs [1] as a result they 
restrict the entire system performance as they are bigger in 
size that leads to unwanted losses of the microwave signal 
power, both with regards to excellence and its strength. The 
three dimensional microwave components construction 
related complications ending into undesired qualitative 
deficits are of major challenge for developers. Common DPS 
materials which are naturally available such as FR-4, Poly 
Tetra Fluor ethylene (PTFE), Rogers and Teflon have been 
usually employed as substrates on the expense of the 
diminishing the entire electrical performance of microwave 
communication systems. Both the dielectric constants of such 
kind of DPS dielectric materials are positive. 

Many researchers have been used various methods to develop 
power dividers and couplers with reduced size and wider 
bandwidth. Meandering of transmission lines [2] or coupled 

transmission lines [3] are renowned techniques of size 
reduction of the elements. Microstrip signal lines are enforced 
for the size reduction as well as eliminate the harmonics in 
planar hybrid ring couplers. [4]. Using space-filling 
characteristics of the fractal curves, the dimensions of the 
hybrid ring appear to appear to have been decreased [5]. Now 
a days DGS and fractal DGS has drawn an increasing interest 
in antennas and microwave circuits [6, 7]. DGS have found 
numerous applications in the design of microwave circuits, 
such as antennas, couplers, amplifiers, and filters [8–10].  

To achieve efficient and effective performance of these 
systems, the new approaches to design and develop these 
passive components using naturally not available but 
artificially engineered and synthesized electromagnetic 
materials are needed. The scope and need of this research 
work aims to contribute to the techno-social applications for 
the progress of the future communication era. Future 
perspective of this work can be re-considered by other 
scientists, designers, and researchers using other methods and 
approaches as a challenging opportunity. The current RF as 
well as wireless telecommunications sector requires the 
microstrip coupler engineered on the concept of the 
innovative electromagnetic substrate materials. These kinds of 
Meta substances explore distinct electromagnetic 
characteristics associated with the ε or µ or both lower than 
zero at the same time that substitute those having been 
developed utilizing DPS [11]. This document addresses the 
innovative thought for the methodological advancements to 
numerous measurable parameters just like coupling, 
bandwidths, S-parameters as well as reduction in the size for 
these couplers. It can be attained by means of the launching of 
rod configuration in skinny slab of naturally existing DPS 
electromagnetic materials. Physical dimensions related design 
factors including a couple of dimensional alignment and 
orientation, measurements, separation between strips, quantity 
and dimensions of the same as well as properties related to 
constructional factor figuring out the electrical behavior of the 
ENG dielectric substrate material and the responses of the 
coupler are targeted. 

Conclusively, this research of designing and developing 
miniaturized microstrip coupler with ENG material for 
improved parameters has been satisfactorily achieved. The 
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novel techniques of ENG are discussed exhaustively. The 
overall improvement achieved in this research using ENG is 
very novel in its kind because instead of rod structure strip 
framework in slender slab of usually available conventional 
DPS dielectric substrate has been utilized for the presented 
coupler which makes this paper novel. 

II. THEORY AND DESIGN 

This Dr. J. C. Bose from India is the pioneer of this field, he 

has started working in the year 1898 to develop artificial 

engineered material under the name of chiral material theory 

which then followed by V. G. Veselago (Russia) in 1967 – 

1968 and J. B. Pendry (USA) in 1999. The classification of 

materials is as shown in Fig. 1. 

 
Fig. 1 Classification of Mata materials [13]. 

2.1. Conventional Coupler: 

 The conventional coupler is designed and implemented for 
experimental verification. The coupler schematic diagram is 
as shown in Fig. 2. 

FR-4 substrate with height 1.6 mm is used with a coupler 

physical dimensions like L = 14.2 mm, W = 1.455 mm, S = 

0.65 mm, d = 6.11 mm, D = 12.45 mm, length of the coupler 

L: 14.2 mm ~ λ/4, Spacing between the strips S: 0.02 mm~ 

λ/300, Width of the strips W: 1.45 mm, Inner gap between 

two adjacent port D = 12.45 mm, λ = 0.06 m = 60 mm. 

 

 
 

Fig. 2 Conventional coupler layout. 

 

 

 

 

 

 

 

 

 

 

             

Fig. 3 Fabricated conventional coupler. 

2.2. ENG Material: 

 The material in the second quadrant has negative 
permittivity and positive permeability such materials are 
known as ɛ negative (ENG) materials. When this property 
realized in Meta materials design, it is known as ENG Meta 
materials. It is the metal tiny wire structure which shown in 
Fig. 4. When excitation electric field E is parallel to the axis 
of the wires so as induce a current along them and generate 
equivalent electric dipole moments [14]. 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Wire medium (ε ˂ 0)     [14]. 

The resultant permittivity of the material in which such rod 
structure is used can be given by 
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In above equation, R = resistance per unit length of conductor 
and 
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Whereas L = effective inductance per unit length of the 
conductor. 

But author has used rectangular metal strip structure as 
reveals in Fig. 3 (b) instead of rod structure of Fig. 2. 
Therefore the transformation of rectangular strip conductor 
into its equivalent circular conductor must be known. This can 
be expressed as [12]: 











w

t
wd 8.067.0 , d = diameter of the wire, w = width 

of the metal strip, t = thickness of metal strip. Where r for 

equations (2) and (3) is r = 0.5d. 

2.3. ENG Coupler:  

 Fig. 5 reveals the fabrication and testing of the ENG 
coupler. Fig. 5 (a) shows the strip structure which is being 
used within the substrate to make it SNG substrate whereas 
fig. 5 (b) and (c) shows the fabricated ENG coupler and its 
testing. 

 
 

(a)                                          (b) 

 
(c) 

Fig. 5 (a) Strip structure (b) fabricated coupler and (c) its testing. 

 
2.4 Design Specifications of coupler: 

 The design specification of coupler includes mechanical 
specifications and electrical specifications. Mechanical 
specifications are all about the physical dimensions of the 

coupler and in this work, focus also there on the reduction of 
its size. 

2.4.1 Mechanical Specifications:  

 The proposed design is having the length „L‟ = 10 mm, 
width of the strip „W‟ = 1.4 mm, spacing „S‟ = 0.07 mm, 
height of the substrate „h‟ = 1.6 mm, thickness of the 
conductor „t‟ = 0.035 mm, surface area = (24×26) mm

2
 (total) 

and volume = (24×26×1.67) mm
3
.  

2.4.2 Electrical Specifications: 

 Designed frequency, operating frequency, resonance 
frequency and central frequency are all of 5 GHz, bandwidth 
= 3 %, ε = 4.4, phase delay = 0

0
 and dielectric tangent loss = 

0.025 Const. fit. 

2.5 Probe Dimensions: 

 Connecting probes which are used for all the four ports of 
the coupler are having following specifications.  

2.5.1. Mechanical Specifications: 

 Length: 15 mm (with Lead), 10 mm (without Lead), And 
Lead length: 5 mm, Diameter: 6 mm. 

2.5.1. Electrical Specifications: 

 Characteristics Impedance = 50 Ω, Frequency Range = 1 
GHz to 15 GHz. 

2.6. Assumptions and Conditions: 

 Following assumptions and conditions have been 
considered for designing and setting up the coupler for 
measurement of the parameters; 

(1) Alignment angle measured with respect to z-axis, (2) 
Uniform mechanical gap between on three axes and rotational 
alignments, (3) Effective aperture not physical aperture for 
numerical analysis, (4) Coupler parameters for all four ports 
are S11 = return  loss, S21 = coupling factor, S31 = insertion 
loss, S41 = isolation, (5) Port specifications defined in this 
design are as: 1: input port, 2: coupling port, 3:  throughput, 4: 
isolation port, (6) Characteristics of the ports: All four ports 
are matched and are symmetric in electrical nature for 
nullifying the delays, (7) Ideal assumptions for modeling in 
CST microwave studio as per the standard help profile of the 
suite, (8) Time invariant permittivity for entire coupler 
including edges and ports, (9) Frequency independent relative 
permittivity especially while testing the fabricated couplers, 
(10) Constant group delay and phase velocity, (11) 
Homogeneous and linear response to compare the excitation 
and response on same scale, (12) Negligible error while 
computing the MoM and integration method with respect to 
time variation, (13) The operating conditions during each 
iteration are same, Iteration segments are uniform and regular 
for each geometric shape, (14) Ideal assumption for 
fabrication, test and measurement as per the standard, (15) 
Positive lithography and perfect dark conditions during 
fabrication process, (16) Zero EMI environments, zero 
conductor loss and no surface irregularity for conductor, (17) 
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Stray effects are below tolerance, (18) Edge scattering as per 
IEEE standard, (19) Port connectivity was perfect, (20) Earth 
magnetics effects between the ports is negligible, (21) 
Instrumentation error, man error and operating error are zero. 

III. DISCUSSIONS ON RESULTS 

 The results obtained through iterative electromagnetic 
simulations and those obtained from test and measurements 
are produced in this section. The researchers would like to 
discuss and justify these results in reference to international 
standard results underneath.     

3.1. Simulation Results: 

     Fig. 6 and Fig. 7 reveal the simulated results of 
conventional coupler and proposed coupler respectively. 

 

           Fig. 6 Simulated results without strips. 

 

 Coupling factor (S21) is -3 dB occurring for a frequency 
from 3.5 GHz to 5.25 GHz. For this range of frequency, 
throughput (S31) is below -4.5 dB which is not satisfactory 
but it gives the desirable output power at the resonance 
frequency. Isolation and reflection below -10 dB is considered 
as a good response. These results show the value of S11 
below -15 dB and S41 is below -17 dB around resonant 
frequency is desirable. 

 Fig. 7 shows all the S-parameters for the proposed 
coupler. Coupling factor (S21) is -3dB occurring for a 
frequency range from 3.5 GHz to 7.5 GHz which covered 
whole lower C-band and for this range of frequency insertion 
loss (S31) is also near -3 dB, compare to conventional 
coupler, this improvement is noted. Also for this range of 
frequency isolation and reflection are both below -15 dB and 
are below -20 dB at a designed frequency. Therefore the 
conclusion is that the strip structure which is used in the 
proposed coupler is the best choice to improve the 
performance parameter of any microstrip planar coupler. Strip 
can be the best choice as compare to the rod structure because 
fabrication becomes very easy using the strips instead of rods 
structure. 

 

 

Fig. 7 Simulated results with strips. 

Table 1 Comparison of simulated results for S-parameters of 

the coupler (without and with strip) 

S-parameters [dB] Conventional With Strip 

S11 -15.82 -20.08 

S21 -3.23 -3.62 

S31 -3.92 -3.76 

S41 -17.60 -17.95 

 Table 1 contains the numerical data for comparison of S-
parameters for the conventional and proposed couplers. It has 
been noted that, from conventional coupler to the ENG 
coupler, S-parameter either improves or remain unchanged. 

3.2. Measured Results: 

 Fig. 8 reveals the measured results of the conventional 
coupler. Reflection coefficient and isolation factor below -10 
dB is allowable values in the microstrip power couplers. The 
noted measured values for S11 and S41 are -17.82 dB and -
13.52 dB respectively for the conventional coupler. The 
insertion loss (S31) is noted -4.73 dB which should be around 
-3 dB; little bit more loss noted is due to the loss during the 
measurement. Coupling factor (S21) at design frequency is 
noted -3.24 dB for which the proposed coupler is designed. 
The results are showing multi frequency response.  

 

Fig. 8 Measured results without strips. 
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Fig. 9 reveals the measured results of the proposed ENG 
coupler. The noted values of insertion loss (S31) at design 
frequency is noted -3.06 dB which is improved value as 
compare to that of conventional coupler. Also little 
improvement as compare to conventional coupler is noted in 
the coupling factor at design frequency. Also the proposed 
coupler is having good response from frequency range from 
4.8 GHz to 5.4 GHz. Very good improvements is noted in 
isolation (S41). The same is -13.52 dB noted in conventional 
coupler whereas in proposed coupler its noted value is -22.02 
dB i.e. 61.4% improvement is noted. Also 3 dB improvement 
is noted in reflection coefficient. 

 

 
           Fig. 9 Measured results with strips. 

 Table 2 reveals the comparison of measured numerical 
values for S-parameters for the conventional coupler and 
proposed coupler. Good improvement is noted in all the 
parameters at design frequency. Improvement in (S31) and  

Table 2 Comparison of measured results for S-parameters for 
the coupler (without and with strip) 

S-parameters [dB] Without Strip With strip 

S11 -17.82 -20.48 

S21 -3.24 -3.19 

S31 -4.73 -3.07 

S41 -13.52 -22.02 

(S41) is flying by the way. These improvements are due to the 
strip inserted to the substrate which makes the dielectric 
constant of the substrate material negative. This composition 
comprises of tiny parallel strip of conductor. Whenever 
excitation electric field E is tangent to the surface of the 
conducting strip in order stimulate a current along the strips 
and bring in equivalent electric dipole moments. This Meta 
material is showing up plasma as well as permittivity 
presently there by providing negative value below the plasma 
frequency. The tiny strip plays the role of an efficient plasma 
medium. For the thin wire this concept is described by the 
frequency dispersive Drudge model [14]. The conversion wire 
to strip is explained in section 2.2. 

 

IV. CONCLUSION 

 The proposed design for size reduction and parameters 
improvement for microstrip coupler have been simulated, 
fabricated, tested for the defined specifications. The S-
parameters for coupling, Insertion, reflection coefficient and 
isolation were compared for these designs for simulated and 
fabricated models. These results have been discussed and 
found satisfactory with IEEE electromagnetic standards. 
Volumetrically, we found these designs very compact and 
with improved performance. Comparing these designs with 
conventional and commonly available couplers reveals that 
our designs are more compatible for next generation 
microwave applications. The material used, energy losses and 
cost to customer after fabrication are reduced to significant 
consideration. The Authors recommend these designs for real 
time applications for next generation communication through 
lower C-band. 
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