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Abstract - Electromagnetic noise is a operational
disturbances in the high frequency operational
circuits. Parasitic filters are not efficient in the
case of high frequency electronic circuits. In
order to mitigate the noise level in such circuits,
novel electromagnetic bandgap structure is
designed, simulated and measured the noise
level. Electronic design automation (EDA) tools
help for these work and provide the designer to
prevent the rework which leads to time and cost
savings. It is essential to understand the
capabilities of the tool. This paper gives the
design and simulation procedure of the Novel L
Bridge with double square embedded
Electromagnetic Bandgap structure (EBG) for the
frequency range 0 GHz to 10 GHz and the same
structure is implemented in hardware and
measured the results using R&S®ZVH Vector
Network Analyzer. It is observed that the
simulated and measured results are in good
alignment with the result values.

Key words: EMI; EM Simulation tools; printed
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INTRODUCTION

As the operational frequency of the digital circuit
increases, there exist the simultaneous switching
noises, electromagnetic interference which
creates the unwanted effects in the circuit as well
as to the proximity devices. Transmission of the
noise can be in two ways, either it could be
conduction medium or it can be radiated medium.
Introducing the parasitic filters is not very
effective in the case of high frequency operations
[1-4]. Various methods can be adopted in the
design stage, at the software levels and hardware
levels. It is essential to mitigate those noises at
the source level and in the conduction path.

The power supply module, power electronic
components, component packaging, improper
printed circuit board layout method, external
disturbances, near-by channel interferences, and
other elements in the devices may all play a role
in the problem. Radiated and conducted energy
may both be emitted from a same device [5-6].
The unwanted signal that gets mixed up with the
intended signal. Interference occurs when noise
affects a circuit in an unanticipated manner.
Taking care of this issue at the source level is
essential. Electromagmetic compatibility (EMC) is
primarily determined by the PCB design layout
and guidelines in the vast majority of electronic
items [7-8]. PCB design layout and standards
have a significant influence on electromagnetic
interference (EMI). An electromagnetic
environment (EMC) is a kind of electromagnetic
interference that affects the reliability of any
electronic device.
In the case of high frequency in terms of several
GHz, Electromagnetic Band gap (EBG) structure
helps to mitigate the noise in the transmission
path which acts as a filter. This paper focuses on
the EBG filter for mitigating the conductive noise
in the circuit [9-16].
This paper covers the following topics:

 Introduction to EDA tool
 EBG structure
 ADS design capabilities
 Design and Simulation procedure of EBG

structure
 Hardware
 Results and Discussion.
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Electronic design automation tool are very
essential for designing electronic circuits, IC
design, Printed circuit board design and other
design work related to electronics. These tools
help the designer to check the functionality prior
to prototyping, avoiding rework and reduces the
cost and time. Each activity had the definite
design flow to accomplish the work [17 – 20].
EDA tool development encountered various
stages. Initially it was referred as CAD where the
activities are carried out in two dimensions with
their editor. Next is CAE, advancement from the
previous stage where it was possible to
synthesize, to optimise can be performed with
less intelligence. Subsequent stage is EDA where
it is possible to perform all the automation with
rich intelligence.
Application of EDA tools such as MATLAB, PSPICE,
etc,. are used in designing electronic circuits. EDA
tools such as Altium Designer, OrCAD, Allegro etc
are used for designing printed circuit board. EDA
tools such as CST, EMPro, ADS, SIWave etc are
used for simulating the signal and power for their
integrity and to simulate the conducted and
radiated emission if the circuit. EDA tool such as
Xilinx used to design the FPGA, ASIC related
packages. In the field of embedded design, with
the help of these advanced EDA tools it is
possible to integrate hardware logic with
independent IP rights, System On Chip, hardware
and software co design [18-22].
EDA tools have various editors such as graphical
editor, text editor, wave form editor to perform
specific functionalities. Simulation tools for
knowing the signal and power characteristics,
electromagnetic characteristics and thermal
properties of the design. Analysis tool for
examining the design logic and electrical
characteristics. Synthesis tool is used for the
conversion of the hardware description languages
and optimization of the logic levels in the data
path [23-25].
In this paper, Electromagnetic Bandgap structure
is designed; simulated using ADS tool and gerber
file is generated for manufacturing using PCB
technology.

EBG STRUCTURE

Electromagnetic Bandgap structure is regularly
pattered symmetrical structure which acts as
filter in case of high frequency operational
electronic circuits (in GHz). The shape and
pattern can be designed based on the band width

requirements of the circuit. Based on the lower
and upper cut off frequency, the structure can be
designed. This structure has the advantage such
that this can be integrated to the power or
ground layers of printed circuit board. There are
various types of EBGs based on the bandwidth
requirement and the application which single
band, dual band and multi band. Based on the
implementation technology, EBG can be broadly
of planar and mushroom types [23-30]. Due to
the fabrication advantages, this paper discusses
on the planar type EBG structure.

ADS CAPABILITIES

Advanced Design System is an electronic design
automation tool used which has various design
features for designing and analysing high speed
PCB circuits. It has two editors circuit and layout
editors. Using the circuit editor, it is possible to
create component, insert component with its
corresponding models, can make connection
between the components and to simulate the
circuit. It is possible to create sub network and
can be used in the main circuit. There are default
libraries are also available in the library.
S-Parameter can be performed in the frequency
domain by selecting the s-parameter simulation
controller. In this mode, it is possible to input the
frequency range. With the required frequency
details, it is also possible to calculate the Y-
Parameter, Z-Parameter and group delay. Any
warnings or error can be noticed in the status
window. Variety of plots can be plotted in data
display. As in excel sheet, the results can be
displayed in a different sheet with appropriate
name, data display window which can be saved
or printed.
Tuning can be used to change the parameter
values of components in the circuit, based on the
simulation results. By moving the slider in the
turning dialog box, the result gets reflected
dynamically in the graph based on the changes in
the component values, thereby behaviour of the
circuit is changing. The slider can be moved up to
our desired response. Each response can be
stored to optimise the values. Optimization of
the design parameters can be done by selecting
the components, minimum and maximum values
of and the result are seen in the optimization
cockpit window. With the available response,
reverse engineering is also possible for creating
the equivalent circuit.
Layout editor has the various types of the
technology templates used for creating the
design either from the circuit schematic or
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directly out of this editor. In the layout editor, pcb
substrate definition, material definition, padstack
and via definition and line type definition are
possible. Also constraint manager allows to set
the clearance and routing constraints such as
width and via [21].

DESIGN PROCEDURE AND SIMULATION

In this paper novel planar type L Bridge with
double square embedded EBG structure is
designed. The dimension of the unit cell 30 mm x
30 mm is created initially based on Fig 1.
Peripheral of the unit cell is created as L bridge
type and the double square fashion is embedded
inside it with symmetrical to both axis which
forms the capacitance and inductance effects
[31].

30 mm
27.2 mm

20.8 mm

0.4 mm 0.2 mm

23.2 mm

Fig.1 Unit cell with Dimension 30 mm x 30 mm

Unit cell is then arrayed to 3 x 3 matrix fashion
with the entire dimension of the structure is 90
mm x 90 mm. In the EDA tool two ports are
assigned to excite the signal. Port 1 is considered
as input port and Port 2 is considered as receiver
or measuring port. Fig 2 shows the capture of
designed EBG structure.

Port 1

Port 2

Fig.2 EBG Array with Dimension 90 mm x 90 mm

This EBG structure implemented in a PCB
technology as shown in Fig 3. In this research, it
is considered two PCB layers with layer 1 being
EBG structure and layer 2 being continuous plane
which can be ground or return plane [32-33]. PCB
material taken here is FR4 with dielectric
constant 4.6 and the dielectric thickness as 0.8
mm.

Dielectric – PCB Substrate

Copper layer 1

Copper layer 2
Fig.3 PCB stack up Cross section

Fig 4 shows the three dimensional view of the two
layer substrate. For better understanding
dielectric portion skipped and shown only copper
area.
Once the structure design is completed,
conducted noise is measured with the help of EM
simulation. Before processing the simulation, it is
necessary to set the type of EM simulator
(momentum RF, momentum microwave or FEM),
substrate details, port details, frequency plans
etc. The simulation setting window is shown in Fig
5.
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Fig. 4 3D view of EBG Array

Fig. 5 EBG simulation setting

Upon completing the simulation setting, the
design is ready to simulate. The simulation result
shows the characteristic performance and noise
depth can be measured from S-Parameter values.
Simulation results of the EBG pattern is shown in
the Fig 6. S11 and S22 give the reflection
coefficient and S21 and S12 gives the transmission
coefficient. With the help of these values,
electromagnetic noise level can be measures. In
this it is achieved 40 dB of noise depth over the
frequency 1 GHz to 9 GHz.

Fig. 6 Simulation results of the EBG pattern

HARDWARE MEASUREMENT

The hardware implementation of the designed
EBG structure is being considered. In order to
fabricate the structure, 274 X Gerber formats of
the two-layers (EBG structure and the ground
layer) is exported from the EDA tool, which is
then provided to a fabricator for the purpose of
manufacture a Printed Circuit Board (PCB). The
Gerber format is a standardised file format that is
generally acknowledged by the fabricator
community. This file has the information on the
shape and placement of the conductor. FR4 was
selected as the board material due to the high
quality and dependability of the material with the
dielectric thickness as 0.08mm and the copper
layer is 0.03mm.
R&S®ZVH Vector Network Analyzer is used to for
measuring the conducted noise. SMA connectors
are soldered on the fabricated PCB to excite and
measure the signal. Here also the same
frequency plan is set and probes of the
instrument are connected to the SMA connectors
so as to establish the connection. The hardware
setup is shown as in the Fig 7. The S-Parameter
results in terms of reflection and transmission
coefficients are measured using the analyser.
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Fig. 7 Hardware Measurement setup

Measurement result S11 is captured and shown in
Fig 8 and S21 is captured and shown in Fig 9. The
measured results are approximately matching
with the simulated result. There can be seen
slight variation that is due to the connector and
cable connection.

Fig. 8 Measurement result – S11 parameter

Fig. 9 Measurement result – S21 parameter

RESULTS AND DISCUSSION

In the simulation result shown in Fig 6, it is clearly
seen that the noise level is -40 dB depth between
the lower cut-off frequency 1 GHz and 9 GHz as
upper cut-off frequency and for the noise level -
38 dB depth between the lower cut-off frequency
1 GHz and 10 GHz as upper cut-off frequency
with wider bandwidth from S21 parameter value.
Maximum depth level -70 dB is achieved at 1.6
GHz.
In the hardware measurement result shown in Fig
9, it is absorbed at the -40 dB noise level 4 GHz
to 7 GHz. This is approximately matching with the
simulated result. The variations are due to cable
and connector noise.
From the results, it is concluded that the
introduction of the Electromagnetic bandgap
structure in the PCB mitigates the noise upto the
levels as mentioned in this section above.
Depending upon the circuit product application
and the frequency of the circuit operation, EBG
structure can be selected and used to mitigate
the conducted noise.

CONCLUSION

In this paper Novel L Bridge with double square
embedded Electromagnetic Bandgap structure
(EBG) is designed in order to mitigate the noise
level in such circuits. The structure is simulated
and measured for the conduction noise level.
Electronic design automation (EDA) tool is used
for simulation and R&S®ZVH Vector Network
Analyzer is used to measure the conducted noise
in PCB. The frequency sweep for simulation and
hardware measurement is 0 to 10 GHz. From the
simulated and hardware results, it is concluded
that with the introduction of the Electromagnetic
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bandgap structure in the PCB, mitigates the noise
levels and it is observed that the simulated and
measured results are in good alignment with the
result values. Signal integrity issues can be
extended in future work.
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