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Abstract:

An Electronic Device must pass a series of
Electromagnetic Compatibility (EMC) tests before going into
production, one such test is Conducted Emission. This testing
requires high-cost hardware and a sophisticated Environment
for the conduction of the test. This paper deals with a simulation
approach for modelling conducted emission to deal with the
design issues in the early stages of the design. The board
consists of multiple switching elements such as Power
management integrated circuits (PMIC), FETs, and other
switching elements. Board Level Measurements are done for the
Conducted Emission using Ansys SIwave and followed by post
processing in circuit solver. Simulation results are correlated
with the measurement report and it is observed that around 90%
of correlation is achieved with the help of these simulations.
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1. INTRODUCTION
A conventional PCB has many circuit blocks where each
block is a potential energy source that could be
inadvertently linked to other circuits [1]. Almost all
electronics circuits contain fast switching devices,
components with a high switching frequency. EMI is
produced by high frequency switching and can be
transmitted to the environment via radiation or by the
power line [2]. This unwanted generation of emission has a
great impact on the electrical devices/components on board
which is powered by same power source. Component
placement and trace routing is often critical for the
measurement of emission. Therefore, circuit designers can
use simulation approach for the estimation of the EMI
EMC performance of their models. For better evaluation,
Feature Selective Validation (FSV) is used [3]. Prior to the
development of simulation, build and test method was
followed for the analysis purpose. This method is expensive
and time consuming because it requires experimental
fabrication and extensive testing. Non-ideal behavior in
PCB parasitics, interconnects, cables, housing, and other
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components might affect EMC results. There are a variety
of toolsets available for
estimating EMI through simulation. The accuracy of the
simulation is improved with the usage of design techniques
like Near Field method [4], Finite Element method [5],
Current Probe Method [6].
This paper describes how to set up an analysis in a
simulation to find switching noise from different circuit
blocks that results in conducted emission followed by the
reliability analysis of the PCB. A simulation method with
the use of trace modelling [7] is considered for the
simulation purpose. The linkage of a simulation outcomes
from analysis and the actual measurement is also covered in
the article for the conducted emission. This simulation
approach will aid in the early detection of emissions in
design, allowing us to optimize the model to achieve the
reduced emission level. This lessens both the expenses of
testing and the time taken for multiple iterations.

2. TEST PROCEDURE
Fig 1 depicts the simulation procedure for conducted
emissions. Initially the PCB is imported in the SIwave with
only a few nets and layer stack up is done accordingly.
Later spice models and IBIS models are assigned; port
assignment is done for post processing. Later, the SIwave
model is imported into circuit solver and the models and
pulses are assigned as per ports and a transient analysis is
done. The results obtained with the simulation are
correlated with the measurement report and optimization is
done until good results are obtained.
,
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Fig 1: Conducted Emission Simulation Setup

3. BACKGROUND OF THE BOARD USED
PCB is a critical component in a camera. The main sources
of emission across the PCB are modelled and simulated in
this study to describe the conducted emission analysis.
However, for reliability analysis, whole board is taken into
consideration. The PCB here is made up of a 7-layer PCB,
a metal casing, and a connector. Many circuit blocks are
included in this PCB, including analogue, power supply,
PMIC circuit, microcontroller, and CAN. PMIC circuits are
the main switching circuit blocks. The switching frequency
of the PMIC employed here is 0.33MHz. For modelling
purposes, CAN-FD signals are incorporated. Fig 2 depicts
the CAN-FD signal path.

When input voltage is provided to the power supply, inrush
current flows to the smooth capacitor, melting or blowing
up the input switch. To prevent this, an inrush current
protection circuit is added in the power supply. The Inrush
Protection circuit is shown in Fig 4, followed by the
Polarity Protection circuit.

Fig 4: Inrush Protection Circuit
Power Management IC’s are those which control the flow
and direction of electric power. A power management
integrated circuit (PMIC) is a circuit that manages power
on an electronic device or in modules on devices with
varying voltages. The PMIC controls battery charging and
sleep modes, as well as DC-to-DC conversion and voltage
scaling down and up. The PMIC circuit in the PCB is
shown in Fig 5.

Fig 2: CAN-FD signal path
Fig 3 shows the schematic of the region starting from the
connector to the Polarity Protection circuit. A polarity
protection circuit is an internal circuit that ensures that if
the power supply polarity is reversed, the device is not
destroyed.
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Fig 5: PMIC circuit

4. CONDUCTED EMISSION MODELLING
Ansys SIwave and Ansys circuit solver is used for
modelling circuits considered for of conducted emission.
Non-ideal behavior is captured in ANSYS SIwave using
spice model and s parameter model. Then, the SIwave
model is imported into the circuit solver where the
necessary inputs are provided in the form spice model, ibis
models, and pulses as required. There are two stages in
simulation which is as follows:

4.2 Post layout simulation / Post Processing
For post-processing simulations, the parasites of board are
removed using Ansys SIwave. Later SIwave model is
imported into circuit solver to use PCB parasites. After
importing, the next step is to assign components for the
ports considered in board level simulations. Considering a
large number of ports for simulations provides greater
accuracy, but the complexity of the simulation also
increases. Because the simulation's complexity increased, it
took longer to plot the results. Transient simulation will
produce time domain charts for any nets that are of interest.

(i) Board Level simulation - The PCB is imported with the
necessary nets, the s-parameter model is allocated to the
components, followed by port assignment and the SYZ
simulation is plotted at this point.
(ii) Post layout simulation – SIwave model is imported
into the circuit solver, then for the ports assigned in the
board level simulation, the spice model, ibis model, passive
components, and pulses required for simulation are
assigned and a transient analysis is performed.
A detailed explanation of each stage followed by the results
and their comparison with measurement report is presented
in the upcoming chapters.
4.1 Board Level Simulation
The switching elements are first identified on the PCB
datasheet, and the same nets are then imported into the
Ansys SIwave. Layer stack up is then assinged for the same.
After layer stackup, assign the components (s parameter
model or spice models) accordingly. Then, assign the ports
which is necessary for post-processing. Check for validation
of the board. If the validation is successful,proceed or if it
returns an error correct the error and again validate the
model.
Once the Board is successfully validated, assign a sweep
SYZ setup with the required frequency ranges and analyse.
S-parameters for the frequency range of interest are
retrieved using this configuration. The SYZ sweep settings
are assigned as shown in the Fig 6.

Fig 6: SYZ parameters sweep setup
After the simulation, results are obtained in the SYZ sweep
section and later the SIwave model is imported in AEDT for
Post Processing.
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Fig 7: Post Processing simulation
Fig 7 shows the post processing simulation carried on by
importing the SIwave model into the Circuit solver and
assigning the spice model, IBIS model, and power sources.
The signals are modelled starting from CAN-FD to PMIC
region as shown in Fig 3 and Fig 5. The IBIS model and
Spice models are assigned to respective ports. LISN is
connected to the PIN 1 and 3 of the Connector CAN-FD
signals are terminated by differential termination. LISN
used here is CISPR 25. PMIC circuit is connected to the
Polarity Protection circuit. Eye source input is provided for
CAN Transceiver.
The LISN utilised in simulation complies with CISPR 25,
the positive and negative connections to the battery are
arranged according to standard. The LISN serves two
functions. The first is to avoid contaminating the
measurement with noise from the power source, and the
second is it offers a constant impedance for the circuits. A
spectral plot is created in simulation by detecting the voltage
at the LISN's RF port by applying Fast Fourier Transform to
it.
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A 3D model of the CISPR 25 Test setup is created with the
LISN ports and the CAN ports with cable lengths of 1m and
1.7m. For the sake of simplicity, the s parameter model for
the same is extracted and used in the circuit window. The
setup contains a battery, LISN, harness, and DUT. A
separate LISN’s for both power supply and return line is
considered in the simulation. Through a coaxial connection,
the LISN RF port is connected to the EUT. The supply
connection between LISN and EUT is made with a 1.7 m
cable. A simulation setup for the frequency range of 10 kHz
to 50 MHz is built according to standard. To ensure that the
results were reliable, the tests were repeated several times
with the same equipment.
The CAN signals are terminated by differential termnination
and 2 LISN’s are connected for measurement of the noise
across the power cable and gnd cable. The left hand side of
the Fig 8 shows the connection across the LISN. The right
hand shows the connection towards the PCB which is
connected to the Connector VCC and Connector Gnd and
the CAN input signals along the PCB.

Fig 9: Conducted Emission Plot
Additional circuitary needs to be added in order to reduce
the emission levels to a great extent.

6. CONCLUSION
A simulation approach for a conducted emission test with
cable of an ADAS PCB board is proposed in this paper in
accordance to the CISPR 25 standard using the Ansys
Simulation Tools. Initially, board level simulations are
performed in Ansys SI-wave to model the components and
later the board is imported on to the circuit solver for the
transient analysis where the spice models, ibis models,
voltage pulses are assigned for the ports specified in the SIwave accordingly. Then, a transient analysis is performed
in the operating range 0.53MHz – 1.78MHz and the
emissions are plotted across the LISN in both the power
and ground lines. The emission plot shows that the
emission across the power cable is greater than the
specified standard. The conducted Emission of the board
gave a result which correlates around 90% with the
measurement result. The difference in the results were due
to the unavailability of the exact models used during the
simulation. With the help of these simulations, failures can
be detected in the early design stages.
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Fig 8: LISN connection with the cable part

5. RESULTS AND DISCUSSION
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