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Abstract

In the field of microwave, a significant amount of research has been done recently in device
downsizing. Low material requirement and prices, increased production output, and possibly
quicker operation are advantages of miniaturization. Different methods, including ”Defected
Ground Structure” (DGS), ”Electromagnetic Bandgap” (EBG), etc. can be used to accomplish
it. This research proposes a small-scale equal power divider using in phase hybrid ring operating
at 4 GHz. ”Top offset H shape EBG” structure, a novel sort of EBG structure, was used to
create the power divider. For comparison, at 4 GHZ a traditional Equal power divider using
Hybrid Ring has also been designed. The proposed method reduces the size of a traditional
power divider by 18.03 percent. The bandwidth of traditional power divider is 104 MHz and
proposed Top offset H shape EBG structured power divider is 336 MHz.
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1 Introduction

One of the essential parts of microwave circuits are the power dividers. Power dividers enable the
usage of the signal in another circuit by coupling a certain portion of the electromagnetic energy
in a transmission line to a port. The fact that directional couplers only couple power flowing in
one direction is a crucial component. The size of the power divider can be reduced with the use
of methods like EBG. Designing comprehensive compact microwave systems involves taking into
account miniaturization. Power dividers are commutual devices and hence also can be used to
combine power from output ports into the input port[1–3].

When choosing a power dividers, we need to consider frequency Range (Hz), Voltage standing
wave ratio, Insertion loss, Coupling factor, Isolation, Amplitude tracking, Phase tracking.[4, 5]
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Fig. 1 Comparison of wavelength of electromagnetic radiation to the dimensions of the metamaterial periodic
nanostructures

Fig. 2 Designed traditional In Phase Hybrid Ring at thickness 1.6mm and permittivity 4.4[19]

To design a power divider using microstrip technology, the propagation constant, phase velocity,
wavelength, and conductor width must be determined. The phase velocity and propagation constant
� for the microstrip line are given in Eq. (1,2) as:
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The relationship between the effective dielectric constant and the substrate’s relative permittiv-
ity, thickness, and conductor width can be calculated using,
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For given characteristic impedance and relative permittivity, it is more practical to compute the
ratio of conductor width to dielectric thickness by utilising the formulae provided in [1]:
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Fig. 3 Fabricated traditional hybrid ring power divider

Fig. 4 Simulated S11 of traditional power divider using hybrid ring

1.1 Hybrid Ring

Simple T-junctions, which were the initial transmission line power dividers, had very poor output
port isolation. The majority of the electricity that is reflected back from port 2 enters port 3 from
port 2. Poor isolation is inevitable and it was not conceivable to concurrently correspond to all three
ports of a lossless, passive three port splitter[6]. However, four-port devices make this conceivable,
and this is the main justification for using them to construct three port power dividers. Four port
devices can be created so that, in the ideal scenario, no power flows through port 3 and instead
is divided between port 1 and port 4. The phrase ”hybrid coupler” was first used to refer to 3
dB coupled line directional couplers with two outputs that are each half as powerful as the input.
Quadrature 3 dB coupler with outputs that are 90 degrees out of phase known as hybrid coupler.
The term ”hybrid” or ”hybrid coupler” now refers to matched 4-port with isolated arms and equal
power division. Different phase interactions can exist between other types[6, 7].

1.2 Electromagnetic Bandgap structure (EBG)

Microwave band gap structures are made up of periodic arrangements of magnetic or dielectric
materials that cause a stop band to form in the microwave frequency range. These structures are
commonly known as photonic band gap or electromagnetic band gap structures. Similar to the
periodic potential energy of an electron in an atomic crystal, such stop band is brought on by the
periodic fluctuation of dielectric permittivity or magnetic permeability that electromagnetic waves
travelling through such structures meet. Thus, bands and gaps the frequency ranges within which
photons are allowed or disallowed, accordingly, to pass through the medium can be formed in the
optical state of a photonic crystal. Similar classifications can be made for the electrical state of an
atomic crystal in this manner. Electromagnetic waves that are reflected by the materials produce
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