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Abstract
Automotive inverter PCBs have to carry both high-speed switching signals and large
currents on the same layers, which makes the layout far more sensitive than it might
first appear. A trace that is a few tenths of a millimeter too narrow, or a via that is
not back-drilled, can show up later as excessive insertion loss, an EMI compliance
failure, unexpected heating, or all of these together. This thesis examines how such
layout decisions affect signal integrity, electromagnetic interference, DC resistance,
and thermal performance, using a set of purpose-built test boards that were simu-
lated and then measured in hardware to confirm the results. Rather than analyzing
a full inverter PCB where every effect is tangled together, dedicated structures were
designed to isolate specific mechanisms individually: via stubs, return-path disconti-
nuities, crosstalk, current distribution, and power-plane resonance. The results tell a
fairly consistent story: small layout details matter more than one might expect. Via
stubs degrade signal transmission at high frequency, and back-drilling largely fixes
it. A return-path split increases insertion loss above 1 GHz, but a 100 nF stitching
capacitor recovers much of that loss. Widening trace spacing from 1W to 3W cut
near-end crosstalk from 96.7 mV to 52.9 mV, though far-end crosstalk actually went
up, since the wider-spacing structure also had a longer coupled section. On the
DCIR side, going from one via to four dropped current density from 34.45 A/mm2
to 13.14 A/mm2, and widening a trace from 0.25 mm to 10 mm brought the voltage
drop down from 584.5 mV to 26.4 mV, with a corresponding thermal improvement
from roughly 182 °C down to 27 °C. In the EMI test board, the third harmonic of
an 80 MHz signal excited a power-plane resonance around 240 MHz, and adding a
second decoupling capacitor cut the measured near-field emission peak by about 17
dB. Taken together, the work shows that fairly modest changes to a PCB layout
can shift electrical and thermal performance substantially, and it offers a simulation
methodology, validated against hardware, for catching these effects before a board
is built.

Keywords: PCB design, signal integrity, electromagnetic interference, DCIR, ther-
mal analysis, via parasitics, crosstalk, inverter systems.
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1
Introduction

1.1 Background
Modern automotive inverter systems operate with high switching speeds and large
voltage gradients, where both power and control signals coexist on the same printed
circuit board (PCB). In such environments, the PCB layout becomes a critical factor
for system performance, electromagnetic compatibility, and thermal reliability.

Once switching speeds get high enough, a PCB trace stops acting like a simple wire.
Its behavior becomes frequency dependent instead, shaped by trace geometry, via
placement, and how close a reference plane sits underneath it. Reflections, crosstalk,
and EMI all trace back to this same shift.

The power stage adds its own complications. Large currents cause voltage drop
and current crowding at narrow sections or vias, and the resulting heat has to go
somewhere. Between these electrical and thermal pressures, it becomes clear that
layout, not just circuit topology, ends up deciding how well an inverter PCB actually
performs.

1.2 Previous Work and Problem Formulation
Previous research and industrial design practices have addressed signal integrity,
electromagnetic interference, DC power distribution, and thermal behavior individ-
ually. However, in practical inverter systems, these effects are coupled and influenced
simultaneously by the PCB layout.

A major challenge in current design approaches is the difficulty in isolating the con-
tribution of individual layout features, such as vias, return paths, and trace spacing,
when analyzing complex boards. This often leads to a limited understanding of how
specific design decisions affect overall system performance.

As a consequence, PCB optimization is frequently carried out through iterative
design cycles rather than through a systematic and structured approach. There

1



1. Introduction

is therefore a need for methods that allow clear identification and evaluation of
individual layout-driven effects.

1.3 Purpose
The purpose of this thesis is to analyze inverter PCB design from both electrical
and thermal perspectives.

The work focuses on:

• Signal integrity (SI)

• Electromagnetic interference (EMI)

• DC resistance (DCIR)

• Thermal behavior

To achieve this, simplified test structures are developed to isolate key physical mech-
anisms such as via parasitics, return-path degradation, and inter-trace coupling.
These insights are then applied to a real inverter PCB, where simulation and mea-
surement are used to evaluate performance and identify design improvements.

2



2
Theory

2.1 Signal Propagation in PCB Interconnects
In high-speed electronic systems, PCB interconnects cannot be treated as ideal con-
ductors [1, 2]. Instead, they must be modeled as transmission lines, where electrical
signals propagate as electromagnetic waves. This behavior becomes significant when
the electrical length of the interconnect is comparable to the signal wavelength,
which depends on the rise time of the signal rather than only its fundamental fre-
quency.

A transmission line is characterized by distributed electrical parameters, namely
resistance R, inductance L, capacitance C, and conductance G per unit length.
These parameters define the characteristic impedance of the line

Z0 =
√

R + jωL

G + jωC
(2.1)

At high frequencies, the reactive components dominate, and the impedance be-
comes primarily dependent on the ratio between inductance and capacitance. This
impedance is determined by the geometry of the trace and the surrounding dielectric
materials, which makes PCB layout a critical factor in signal propagation [1, 3].

2.1.1 Signal Reflection and Impedance Discontinuity
Whenever a signal encounters a change in impedance along the transmission path,
part of the signal is reflected back toward the source. This phenomenon is described
by the reflection coefficient

Γ = Zin − Z0

Zin + Z0
(2.2)

where Zin is the input impedance at the discontinuity and Z0 is the characteristic
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2. Theory

impedance of the transmission line.

If Zin = Z0, the reflection coefficient becomes zero, meaning that no reflection occurs.
However, in practical PCB layouts, perfect matching is rarely achieved due to vias,
connectors, and changes in trace geometry. These mismatches result in reflections
that can distort the signal, leading to ringing, overshoot, and timing errors [1, 2].

2.1.2 Return Loss and Insertion Loss
The reflection coefficient is commonly expressed in decibels as return loss

Return Loss = −20 log10 |Γ| (2.3)

A higher return loss (i.e., a more negative value) indicates better impedance match-
ing and lower reflections.

Insertion loss describes the attenuation of the signal as it propagates along the
interconnect

Insertion Loss = 20 log10 |S21| (2.4)

This loss includes conductive losses, such as skin effect and dielectric loss, as well
as reflective losses caused by impedance discontinuities. While return loss describes
the reflected portion of the signal, insertion loss describes the portion that reaches
the receiver [3, 2].

2.2 Via Parasitics and Discontinuities
Vias are essential elements in multilayer PCB design, providing electrical connections
between different signal layers [1, 4]. However, they introduce discontinuities in the
signal path that affect signal integrity, particularly at higher frequencies.

At low frequencies, a via can be approximated as an ideal conductor. As frequency
increases, the electromagnetic behavior becomes more complex, and both inductive
and capacitive parasitics must be considered. The via can be modeled as a combi-
nation of series inductance and shunt capacitance, leading to a frequency-dependent
impedance

Zvia(jω) = jωLvia + 1
jωCvia

(2.5)

4



2. Theory

This impedance variation introduces mismatch relative to the transmission line,
resulting in partial signal reflection.

2.2.1 Via Stub Effects
In practical PCB designs, vias often extend beyond the signal layer, creating an
unused section of the via barrel commonly referred to as a stub. This unused portion
behaves as an open-ended transmission line segment.

The input impedance of such a stub is given by

Zstub = −jZ0 cot(βLstub) (2.6)

This expression shows that the impedance varies with frequency and introduces
reactive behavior that modifies the local impedance seen by the signal [4, 5].

2.2.2 Resonance Behavior
At sufficiently high frequencies, the via stub can reach resonance. The first resonance
occurs approximately at

fres = c

4√
εeffLstub

(2.7)

At this frequency, the stub behaves as a strong discontinuity, causing significant
reflections [6, 7]. Even below resonance, the stub introduces phase shifts and energy
storage, which degrade signal transmission.

2.2.3 Impact on Signal Integrity
The effect of a via stub on signal integrity is primarily observed as increased insertion
loss at higher frequencies. This occurs because part of the signal energy is reflected
and does not propagate to the load.

In contrast, the impact on return loss may appear less significant, since the dominant
impedance discontinuity is still associated with the via transition itself. The stub
mainly introduces distributed reflections rather than a large input mismatch.

2.2.4 Design Considerations
The severity of via parasitics depends on parameters such as stub length, dielectric
properties, and via geometry. Longer stubs result in lower resonance frequencies
and therefore affect a wider frequency range.

5



2. Theory

To mitigate these effects, techniques such as back-drilling, blind vias, or optimized
via placement are commonly used to reduce or eliminate the unused via length [8, 9].

2.3 Crosstalk Mechanisms
Crosstalk is an undesired coupling phenomenon that occurs when electromagnetic
fields from one signal trace influence a nearby conductor. As signal transition speeds
increase and routing density becomes higher, crosstalk becomes a major limitation
for signal integrity in PCB design.

Crosstalk originates from the interaction of electric and magnetic fields between
adjacent conductors and depends strongly on trace geometry, spacing, layer config-
uration, and the presence of a reference plane [10, 3].

2.3.1 Electromagnetic Coupling Between Conductors
Two primary coupling mechanisms contribute to crosstalk, namely capacitive cou-
pling and inductive coupling.

Capacitive coupling is caused by electric fields between conductors. A time-varying
voltage on the aggressor line induces a displacement current in the victim trace,
which is proportional to the rate of change of voltage

Vinduced ∝ dV

dt
(2.8)

Inductive coupling arises due to magnetic fields generated by changing currents,
which induce voltages in nearby conductors proportional to the rate of change of
current

Vinduced ∝ dI

dt
(2.9)

This shows that fast switching edges, rather than the fundamental signal frequency,
are the dominant contributors to crosstalk .

2.3.2 Near-End Crosstalk (NEXT)
Near-end crosstalk (NEXT) appears at the same end of the victim trace as the signal
source and is primarily dominated by capacitive coupling.

NEXT can be expressed as

6



2. Theory

VNEXT (t) ∝ KNEXT (2.10)

where KNEXT depends on trace geometry and spacing.

Since NEXT is a local effect, it does not depend significantly on the total trace
length, but rather on the coupling near the source region [3, 10].

2.3.3 Far-End Crosstalk (FEXT)
Far-end crosstalk (FEXT) appears at the opposite end of the victim trace. Unlike
NEXT, FEXT depends on both capacitive and inductive coupling and is governed
by their imbalance.

This relationship can be expressed as

VF EXT ∝ (kL − kC) (2.11)

where kL and kC represent inductive and capacitive coupling coefficients.

If kL and kC are approximately equal, cancellation occurs and FEXT is reduced.
This explains why symmetric routing configurations can exhibit reduced far-end
crosstalk [3, 10].

In addition, FEXT accumulates along the length of the coupled region, making it
more dependent on trace length compared to NEXT.

2.3.4 Dependence on Geometry and Routing
Crosstalk magnitude is strongly influenced by physical layout parameters. The most
important factors include distance between traces, length of parallel routing, layer
configuration, and the quality of the return path.

Reducing spacing increases electric field interaction and leads to stronger coupling.
Similarly, longer parallel routing sections increase the coupling length and therefore
amplify the overall crosstalk.

Routing on adjacent layers does not eliminate coupling, but instead creates broadside
coupling, which can also be significant depending on dielectric thickness.

2.3.5 Relation to Practical PCB Design
In practical inverter PCB designs, crosstalk is often observed between fast-switching
control signals and sensitive communication lines. Even when signals operate at

7



2. Theory

relatively low frequencies, fast edges introduce high-frequency components that drive
coupling.

Understanding these mechanisms is essential for designing robust layouts, where
trace spacing, routing strategy, and layer configuration are carefully controlled to
minimize interference [2, 11].

2.4 DC Resistance and Current Distribution

2.4.1 DC Resistance of Conductors
The resistance of a conductor is given by

R = ρ
L

A
(2.12)

where ρ is the resistivity, L is the length, and A is the cross-sectional area.

Although this expression is straightforward, practical PCB geometries introduce
non-uniform current distribution, which deviates from this simplified relation [12].

2.4.2 Current Density and Crowding
Current density is defined as

J = I

A
(2.13)

In real PCB layouts, current does not distribute uniformly. Instead, it tends to
concentrate in regions with lower impedance paths. This leads to current crowding,
particularly at vias, trace bends, and narrow sections [12, 11].

Current crowding increases local resistance and results in higher power dissipation,
which directly affects both electrical performance and thermal behavior.

2.5 Thermal Behavior in PCBs
Thermal performance is a critical aspect of PCB design, particularly in high-power
applications such as automotive inverter systems. In these systems, electrical losses
in conductors and components are converted into heat, which must be effectively
dissipated to ensure reliable operation [13, 14].

8



2. Theory

The temperature distribution in a PCB is governed by three primary heat transfer
mechanisms, namely conduction, convection, and radiation. The relative impor-
tance of each mechanism depends on geometry, material properties, and operating
conditions.

2.5.1 Heat Conduction in PCB Structures
Heat conduction is the dominant heat transfer mechanism within the PCB material
and copper traces. It describes the transfer of thermal energy due to temperature
gradients and is governed by Fourier’s law

q = −k∇T (2.14)

where q is the heat flux, k is the thermal conductivity, and ∇T is the temperature
gradient [13].

In PCBs, copper has significantly higher thermal conductivity than dielectric mate-
rials. As a result, heat spreads more efficiently along copper planes and traces than
through the substrate. This leads to anisotropic thermal behavior, where lateral
heat spreading is more effective than vertical conduction.

2.5.2 Thermal Resistance and Temperature Rise
The temperature rise in a system can be expressed using thermal resistance

Rth = ∆T

P
(2.15)

where ∆T is the temperature difference between the source and the surroundings,
and P is the dissipated power [13, 14].

Thermal resistance represents the difficulty of heat transfer through the system.
In PCB design, it consists of multiple contributions, including conduction through
materials, heat spreading, convection to the surrounding air, and radiation from the
surface.

A high thermal resistance results in a larger temperature rise for a given power
dissipation, which can negatively affect component lifetime and system reliability.

2.5.3 Convective and Radiative Heat Transfer
Heat transfer from the PCB to the surrounding environment occurs primarily through
convection and radiation.

9



2. Theory

Convective heat transfer can be approximated as

qconv = h(Ts − Ta) (2.16)

where h is the convective heat transfer coefficient, Ts is the surface temperature,
and Ta is the ambient temperature.

Radiative heat transfer follows the Stefan–Boltzmann law

qrad = ϵσ(T 4
s − T 4

a ) (2.17)

where ϵ is the emissivity and σ is the Stefan–Boltzmann constant [13].

At lower temperatures, convection dominates heat transfer, while at higher temper-
atures radiation becomes more significant due to its strong dependence on temper-
ature.

2.5.4 Effect of Material Properties
Material properties have a strong influence on thermal performance. Copper enables
efficient heat spreading, whereas dielectric materials typically have lower thermal
conductivity and act as thermal barriers.

Additional layers, such as conformal coatings, also influence heat transfer. These
coatings are commonly used for environmental protection but introduce additional
thermal resistance due to their low thermal conductivity.

2.5.5 Impact of Conformal Coating
The presence of a conformal coating affects both conduction and convection at the
PCB surface. The coating introduces an additional thermal barrier through which
heat must be transferred.

At lower temperatures, the impact of this additional resistance is limited due to
smaller temperature gradients. However, at higher temperatures, the increased heat
flux makes the system more sensitive to this added resistance.

In such conditions, the conformal coating can act as a thermal bottleneck, reducing
heat dissipation and leading to higher operating temperatures [14].

10



2. Theory

2.5.6 Relation to Practical PCB Design
In practical inverter PCB designs, thermal behavior is closely coupled with electrical
performance. Regions with high current density, such as vias and narrow traces,
generate localized heating due to increased resistive losses.

This implies that layout decisions affecting current distribution also influence tem-
perature distribution. Therefore, optimizing PCB design requires a combined con-
sideration of both electrical and thermal effects [15, 16].

2.6 Electromagnetic Interference and Plane Res-
onance

Electromagnetic interference (EMI) is a major challenge in high-speed electronic sys-
tems, particularly in automotive inverter PCBs where fast switching signals coexist
with power distribution networks. EMI originates from unintended electromagnetic
radiation or coupling between different parts of the circuit, leading to signal distor-
tion, performance degradation, or failure to meet regulatory requirements.

In PCB structures, EMI is strongly influenced by layout geometry, return paths,
and the interaction between signal traces and power distribution networks. One of
the dominant mechanisms for EMI generation is the excitation of resonances in the
power and ground planes.

2.6.1 Power Distribution Network as a Resonant Structure
The power distribution network (PDN) of a PCB typically consists of parallel power
and ground planes, which can be modeled as a cavity structure capable of supporting
electromagnetic wave propagation.

The resonance frequencies of such a cavity can be approximated as

fmn = c

2√
εr

√(
m

a

)2
+

(
n

b

)2
(2.18)

where a and b represent the dimensions of the PCB plane, εr is the relative permit-
tivity of the dielectric material, and m and n are the mode indices [17, 18].

At these resonance frequencies, the impedance of the PDN increases significantly,
resulting in large voltage variations between the planes. This makes the structure
highly sensitive to excitation from nearby signal traces.

11



2. Theory

2.6.2 Signal-Induced Excitation of Resonance
Digital signals with fast rise times contain a wide range of frequency components
extending well beyond the fundamental clock frequency. The effective bandwidth of
such a signal can be approximated as

fmax ≈ 0.35
tr

(2.19)

where tr is the rise time of the signal.

Even if the fundamental frequency is relatively low, higher-order harmonics can
extend into the megahertz or gigahertz range. When one of these harmonic com-
ponents coincides with a resonance frequency of the PCB plane, strong excitation
occurs [15, 10].

This excitation leads to increased electromagnetic field intensity, which can be ob-
served both as near-field coupling and far-field radiation.

2.6.3 Coupling Mechanisms Between Signal and Plane
The coupling between signal traces and the power plane occurs primarily through
capacitive and inductive interactions.

Capacitive coupling arises from electric fields between the signal trace and the refer-
ence plane. When the signal trace references a power plane instead of a continuous
ground plane, the electric field can directly excite the plane.

Inductive coupling arises from time-varying currents that generate magnetic fields,
which induce currents in nearby conductive structures. These induced currents can
further excite resonant modes in the plane.

The induced voltage due to these mechanisms can be described qualitatively as

Vinduced ∝ dV

dt
(2.20)

for capacitive coupling, and

Vinduced ∝ dI

dt
(2.21)

for inductive coupling.
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This indicates that fast switching edges, rather than low-frequency operation, are
the primary contributors to EMI generation [10, 16].

2.6.4 Near-Field and Far-Field Radiation
The electromagnetic fields generated by PCB structures can be categorized into
near-field and far-field regions.

The near-field region is dominated by reactive electric and magnetic fields that exist
close to the PCB surface. These fields do not propagate over long distances but can
strongly couple to nearby circuits and cause interference.

The far-field region consists of radiated fields that propagate away from the PCB
and contribute to electromagnetic emissions that must meet regulatory limits.

At resonance, both near-field and far-field radiation increase due to the high impedance
of the PDN, which allows larger voltage variations between the planes.

2.6.5 Effect of Decoupling Capacitors
Decoupling capacitors are used to reduce the impedance of the power distribution
network and suppress resonant behavior.

The impedance of a capacitor is given by

ZC = 1
jωC

(2.22)

At higher frequencies, the capacitor provides a low-impedance path between the
power and ground planes, effectively reducing voltage fluctuations [19, 18].

When placed close to excitation sources or resonant hotspots, decoupling capacitors
damp resonances by reducing the stored energy and lowering the quality factor of
the cavity.

This results in reduced electromagnetic emissions and improved stability of the
power distribution network.

2.6.6 Relation to Practical PCB Design
In practical inverter PCB designs, EMI is often caused by the interaction between
fast-switching signals and resonant structures in the power distribution network.

Signals such as clock lines or PWM control signals can excite plane resonances
through their harmonic content, resulting in increased electromagnetic radiation.
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2. Theory

The theory presented in this section explains the behavior observed later in the
thesis, where resonance in the power plane is excited by signal harmonics and sub-
sequently reduced using a decoupling capacitor.

This demonstrates that EMI behavior in PCB design is strongly influenced by both
signal characteristics and layout geometry, and must be addressed through careful
design of signal routing and power distribution networks [15, 20].
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3.1 Overview of the Study

The work presented in this thesis is carried out using simplified test structures
designed to isolate and analyze fundamental electrical phenomena in PCB intercon-
nects. These structures enable a clear understanding of the impact of layout features
such as vias, trace spacing, and return paths on signal integrity and electromagnetic
behavior.

A simulation-driven approach is used to investigate these effects systematically, en-
suring that individual mechanisms can be studied independently of system-level
complexity.

To validate the observed behavior, dedicated hardware test boards are implemented
for selected cases, specifically for signal integrity and electromagnetic interference
(EMI) analysis. These measurements provide experimental support for the trends
identified through simulations.

3.2 Simulation Environment and Tools

The PCB layouts used in this work are developed using Altium Designer, which en-
ables precise control of stack-up definition, routing geometry, and design constraints
[21].

Electromagnetic and electrical simulations are performed using ANSYS SIwave,
which is used for signal integrity, DCIR, and EMI analysis [22]. Thermal simu-
lations are carried out using ANSYS Icepak, where power dissipation from electrical
simulations is used as input [23].

For signal excitation and system-level modeling, ANSYS AEDT Circuit is used to
define realistic switching behavior and signal conditions. This tool chain enables a
consistent simulation workflow across electrical and thermal domains.
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3.3 PCB Set-up

3.3.1 Signal Integrity Test Board Structures
The signal integrity test board is designed to isolate fundamental high-frequency ef-
fects in PCB interconnects. Each structure is implemented with controlled geometry
so that specific physical mechanisms can be analyzed independently.

All structures are implemented using an identical multilayer stack-up, ensuring that
variations in electrical behavior arise only from geometric differences. The stack-up
used in this work is shown in Figure 3.1.

Figure 3.1: Layer stack-up used in the signal integrity test board.

The PCB consists of multiple signal and dielectric layers with defined thicknesses
and material properties. The outer copper layers have a thickness of approximately
35 µm (1 oz copper), while the inner layers use thinner copper of approximately
15 µm (1/2 oz copper). The dielectric layers are primarily FR-4 and prepreg mate-
rials with relative permittivity values in the range of 4.1 to 4.8.

The dielectric thicknesses vary between approximately 0.1 mm and 0.55 mm, result-
ing in a total stack-up thickness comparable to that used in industrial automotive
inverter PCBs. This ensures that the propagation environment and coupling mech-
anisms closely represent real applications.
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The overall geometry of the signal integrity test board is shown in Figure 3.2.

Figure 3.2: Signal integrity test board layout showing structures A, B, C, and D.

3.3.1.1 Structure A – Baseline Transmission Line

Structure A serves as the reference case for signal propagation in the test board.
As shown in Figure 3.3, the structure consists of a single-ended transmission line
routed between Port 1 and Port 2 without intentional discontinuities such as vias
or nearby coupled traces.

Figure 3.3: Structure A consisting of a single-ended transmission line between
Port 1 and Port 2.

The trace width is selected based on the stack-up to achieve a characteristic impedance
close to 50 Ω. A continuous reference plane is maintained beneath the trace, allow-
ing the return current to flow directly below the signal path and minimizing loop
inductance.

Since no intentional discontinuities are introduced, the signal is expected to prop-
agate with minimal reflection. This structure therefore serves as a baseline for
comparison with the other test structures.
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3.3.1.2 Structure B – Via Transition and Stub Effect

Structure B is designed to investigate the effect of via transitions on signal integrity,
with particular focus on the influence of via stubs. As shown in Figure 3.4, the
signal trace transitions from the top layer to internal signal layers and then returns
back to the top layer through plated through-hole vias.

Figure 3.4: Structure B showing signal transition through vias between layers.

The vertical transition introduces a discontinuity in the transmission path, as the
signal propagates between different layers of the PCB stack-up. The via extends
through the full thickness of the board, while only a portion of the via is used for
signal routing.

Two configurations are implemented in this structure:

• B1: the via stub is left intact, resulting in an unused portion of the via barrel
below the signal layer

• B2: the via stub is removed using a back-drilling process, eliminating the
unused portion of the via

The unused portion of the via, present in B1, behaves as an open-ended stub that
introduces frequency-dependent impedance variation. The back-drilled via structure
within the multilayer PCB is illustrated in Figure 3.5.

Figure 3.5: Via structure within the multilayer stack-up illustrating the removal
of the unused stub using back-drilling.

In the B1 configuration, the unused via segment causes additional reflections and
increased insertion loss at higher frequencies due to its resonant behavior. In con-
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trast, B2 reduces these effects by removing the stub through back-drilling, resulting
in improved signal transmission.

This structure enables direct comparison of via implementations and demonstrates
the impact of stub removal on high-frequency performance.

3.3.1.3 Structure C – Return Path Disruption

Structure C is designed to investigate the effect of return-path discontinuities on
signal integrity. As shown in Figure 3.6, the reference plane beneath the signal
trace is intentionally interrupted using a slot.

Figure 3.6: Structure C showing return-path discontinuity with a 1 mm plane
split and stitching capacitor.

The width of the discontinuity gap is approximately 1 mm, which prevents the
return current from flowing directly beneath the signal trace. As a result, the return
current is forced to take a longer path around the split, increasing the loop area and
inductance.

Two configurations are implemented:

• C1: plane split without stitching capacitor

• C2: plane split with a 100 nF capacitor placed across the split

In the C1 configuration, the absence of a direct return path leads to increased loop
inductance and degraded signal transmission, resulting in higher insertion loss.

In the C2 configuration, the 100 nF capacitor provides a low-impedance path at
high frequencies, allowing the return current to effectively bypass the discontinuity.
This reduces loop inductance and improves signal propagation.

This structure enables evaluation of the impact of return-path integrity and demon-
strates the effectiveness of stitching capacitors in mitigating signal degradation
caused by plane discontinuities.
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3.3.1.4 Structure D – Crosstalk Coupling

Structure D is designed to evaluate electromagnetic coupling between adjacent signal
traces. As shown in Figure 3.7, two parallel traces are routed over a controlled length
to study crosstalk behavior.

Figure 3.7: Structure D showing parallel trace routing with controlled spacing
and coupling length.

The traces are routed in parallel over two distinct regions with different spacing. In
the first region, the spacing between the traces is approximately 0.33 mm, corre-
sponding to one trace width (1W ), which results in strong coupling. In the second
region, the spacing is increased to approximately 0.93 mm, corresponding to three
times the trace width (3W ), leading to reduced coupling.

The parallel routing lengths are approximately 73.33 mm and 93.21 mm for the two
regions, respectively, allowing the coupling effects to accumulate along the trans-
mission path.

This structure is used to investigate:

• near-end crosstalk (NEXT)

• far-end crosstalk (FEXT)

• the influence of trace spacing and coupling length

The controlled variation in spacing and routing length enables a clear comparison of
coupling strength, demonstrating how layout geometry influences electromagnetic
interference between adjacent signals.

3.3.2 DC Resistance Test Board Structures
The DCIR test board is designed to evaluate current distribution, voltage drop, and
resistive losses under different PCB layout conditions. The board includes multiple
structures that isolate the impact of via density, trace geometry, routing features,
and interaction between power and signal traces.

The overall layout of the test board is shown in Figure 3.8.
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Figure 3.8: DC resistance test board showing structures A–E for evaluating
current distribution and resistive behavior.

3.3.2.1 Structure A – Baseline Conductor

Structure A serves as the reference case for DC resistance analysis. As shown in
Figure 3.9, the structure consists of a straight conductor with uniform width and
length between the input and output terminals.

Figure 3.9: Structure A consisting of a uniform conductor used as a baseline for
DC resistance evaluation.

The geometry is intentionally kept simple, with no vias, bends, or changes in cross-
sectional area. This ensures that the current distribution remains uniform along the
conductor.

The voltage drop across this structure is therefore primarily determined by the
intrinsic resistance of the material, given by
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R = ρ
L

A
(3.1)

where ρ is the resistivity, L is the length of the conductor, and A is the cross-sectional
area.

This structure is used as a baseline for comparison with the other test cases, allowing
the impact of layout features such as vias, geometry changes, and routing variations
on resistance and current distribution to be clearly identified.

3.3.2.2 Structure B – Via Array Effect

Structure B is designed to evaluate the effect of via arrays on current distribution
and DC resistance. As shown in Figure 3.10, the current path transitions between
layers through plated through-hole vias.

Figure 3.10: Structure B showing via arrays with increasing number of vias for
current transition between layers.

Three configurations are implemented to investigate the influence of via count:

• B1: single via

• B2: two vias in parallel

• B3: four vias in parallel

In each case, the current flows from the top conductor to an internal layer through
the via structures and continues along the routing path. The via transition intro-
duces vertical current flow and non-uniform distribution due to the limited conduc-
tive path available.

This structure enables the evaluation of how via density affects current distribution,
highlighting the importance of using multiple vias in high-current PCB designs to
minimize resistive losses.
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3.3.2.3 Structure C – Trace Width and Thermal Effect

Structure C is designed to investigate the effect of trace width on DC resistance,
current distribution, and thermal behavior. As shown in Figure 3.11, multiple con-
ductors with increasing width are implemented to study the impact of cross-sectional
area.

Figure 3.11: Structure C showing conductors with increasing width from C1 to
C4.

Four configurations are included:

• C1: 0.25 mm trace width

• C2: 0.75 mm trace width

• C3: 2 mm trace width

• C4: 10 mm wide conductor

As the trace width increases, the cross-sectional area available for current flow also
increases, which reduces resistance according to

R = ρ
L

A
(3.2)

and leads to lower voltage drop along the conductor.

In addition to electrical performance, trace width strongly affects thermal behavior.
This structure is also used to evaluate thermal performance with and without con-
formal coating. The coating introduces additional thermal resistance, which limits
heat transfer from the PCB surface. This effect is more pronounced for cases with
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higher power dissipation, allowing the combined influence of electrical and thermal
design parameters to be assessed.

3.3.2.4 Structure D – Effect of Polygon Geometry

Structure D is designed to investigate the effect of polygon geometry on current
distribution and DC resistance. As shown in Figure 3.12, two configurations are
implemented using wide copper polygon structures with different corner profiles.

Figure 3.12: Structure D showing polygon routing with sharp corners (D1) and
smooth corners (D2).

In the D1 configuration, the polygon includes sharp corners and abrupt transitions
in geometry. In the D2 configuration, the polygon uses smooth, rounded transitions
between segments.

This structure enables evaluation of how polygon design influences current flow
in high-current PCB layouts, highlighting the importance of smooth transitions in
power distribution paths.

3.3.2.5 Structure E – Power and Signal Trace Interaction

Structure E is designed to investigate the interaction between a power trace and a
nearby signal trace. As shown in Figure 3.13, two traces are routed in close proximity
along a shared path, allowing the influence of the power conductor on the adjacent
signal trace to be evaluated.
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Figure 3.13: Structure E showing a power trace routed close to a parallel signal
trace.

The structure consists of two routing paths, denoted as E1 and E2, which run
parallel over a significant length and include multiple bends. One trace represents
a high-current power path, while the other represents a signal line routed in close
proximity.

The current flowing through the power trace generates electromagnetic fields, which
can influence the adjacent signal trace. In addition, the presence of a nearby con-
ductor affects current distribution and return path behavior, particularly in regions
where the traces are closely spaced.
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This structure is particularly relevant in practical PCB designs, where power and
signal traces often share limited routing space, and improper placement can lead to
performance degradation.

3.3.3 EMI Test Board
A dedicated EMI test board is used to analyze electromagnetic interference mech-
anisms related to power-plane resonances. The structure consists of a signal trace
routed close to a power distribution plane, enabling coupling between the signal
and the plane. A fast-switching signal is applied to excite resonant modes in the
power-plane structure. The EMI test board is used to investigate:

• power-plane resonance excitation

• near-field electromagnetic emissions

• effect of decoupling capacitors

The layout of the EMI test board is shown in Figure 3.14.

Figure 3.14: EMI test structure showing coupling between signal trace and
power plane.

Both simulations and measurements are carried out for this structure to study EMI
generation and mitigation.
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3.4 Simulation Set-up

3.4.1 Signal Integrity Simulation Setup
Signal integrity simulations are performed on the SI test board using ANSYS SIwave
to evaluate reflection, transmission, and coupling behavior. The complete PCB
model used for the simulations is shown in Figure 3.15.

Figure 3.15: SIwave model of the signal integrity test board showing all
structures used for simulation.

The model includes all test structures (A–D), each designed to isolate specific sig-
nal integrity effects such as impedance discontinuities, via transitions, return-path
disruption, and crosstalk. The full PCB stack-up, including dielectric layers and
copper thickness, is included to accurately model transmission line behavior.

Signal excitation is applied using wave ports defined at the input and output pads
of each structure. The port configuration used in the simulation is illustrated in
Figure 3.16.

The ports are defined with a reference impedance of 50 Ω, consistent with standard
measurement systems used in hardware testing. The port region includes the signal
pad and surrounding ground conductors, allowing accurate representation of both
the signal excitation and the corresponding return current path.

Simulations are performed in the frequency domain. Different frequency ranges are
selected for each structure based on the physical effects being analyzed:
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Figure 3.16: Wave port definition in SIwave showing port assignment at the
PCB pads with reference conductors.

• Structure A: 1 MHz to 1 GHz

• Structure B: 1 MHz to 20 GHz

• Structure C: 1 MHz to 5 GHz

The extended frequency range for Structure B is required to capture the resonance
behavior introduced by the via stub, while Structure C focuses on lower-frequency
return-path effects.

For crosstalk analysis in Structure D, a time-domain excitation is used. The aggres-
sor signal is defined with a driver amplitude of 1.5 V and a rise time of 30 ps. This
fast transition ensures sufficient high-frequency content to excite both near-end and
far-end coupling mechanisms.

The consistent simulation setup across all structures allows direct comparison of
results, ensuring that differences in performance are solely due to layout variations.

3.4.2 DCIR Simulation Setup

DCIR simulations are performed using ANSYS SIwave to evaluate voltage drop,
current distribution, and resistive losses in the PCB structures. The complete DCIR
test board used for the simulations is shown in Figure 3.17.
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Figure 3.17: SIwave model of the DC resistance test board including all
structures (A–E).

The model includes all structures (A–E), which are designed to investigate the effect
of via arrays, trace width variations, polygon geometry, and interaction between
power and signal traces. The full PCB stack-up is included in the simulation to
accurately model current flow through the copper layers and vias.

A constant current source is applied at the input terminal of each structure, while
the output terminal is defined as the return path. The resulting voltage drop across
each structure is used to determine the effective DC resistance.

Different current levels are applied depending on the geometry of the structures:

• Structures A and B are simulated with a current of 2 A

• Structures C and D are simulated with a current of 5 A

The higher current applied to Structures C and D ensures sufficient power dissipation
to observe current crowding and thermal effects in wider conductors and polygon
geometries.

For Structure E, a combined circuit and field simulation approach is used to model

29



3. Case Set-up

realistic operating conditions.

Figure 3.18: Nexxim transient circuit setup used for Structure E excitation.

The power trace (E1) is excited using a circuit model implemented in ANSYS Elec-
tronic Desktop (Nexxim). The excitation consists of a DC voltage source of 10 V
and a current source of 3 A representing the operating current in the power path.
A Nexxim transient simulation is performed to obtain time-domain current and
voltage behavior in the circuit. The resulting waveforms are then exported and
back-annotated into ANSYS SIwave.

The imported transient excitation is used as input for electromagnetic simulations
in SIwave, allowing evaluation of near-field and far-field behavior under realistic
operating conditions. This combined workflow enables analysis of the interaction
between a high-current power trace and a nearby signal trace, capturing both elec-
trical and electromagnetic effects.

In addition to voltage drop, current density distribution is extracted for all structures
to identify regions of current crowding, particularly in vias, narrow traces, and sharp
geometry transitions.

The power dissipation obtained from DCIR simulations is used as input for thermal
simulations, enabling evaluation of temperature distribution under different operat-
ing conditions.

A consistent simulation framework is maintained across all structures, allowing di-
rect comparison of the influence of layout variations on current distribution, resistive
behavior, and electromagnetic performance.

3.4.3 EMI Simulation Setup
EMI simulations are performed on the dedicated test board to analyze electromag-
netic coupling and power-plane resonance behavior. The PCB model used for the
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EMI analysis is shown in Figure 3.19.

Figure 3.19: EMI test board used for investigating coupling between signal trace
and power plane.

The structure consists of a signal trace routed over a power plane in an adjacent layer.
This configuration enables coupling between the signal and the power distribution
network, allowing investigation of resonance excitation.

The simulation workflow begins with identifying the resonant behavior of the power
plane.

A resonant mode analysis is performed in ANSYS SIwave to determine the dominant
resonance frequencies of the power-plane structure. To validate these results, a Z-
parameter sweep is carried out across the power plane. Peaks in the impedance
response confirm the resonance frequencies obtained from the modal analysis.

Once the dominant resonance frequency is identified, a circuit-level transient sim-
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ulation is performed using ANSYS Electronic Desktop (Nexxim). The excitation
circuit used for this purpose is shown in Figure 3.20.

Figure 3.20: Nexxim circuit used to excite the signal trace with controlled source
conditions.

The excitation signal is applied to the signal trace routed above the power plane.
The frequency of the excitation is set equal to the identified resonance frequency
of the power plane to ensure maximum coupling and worst-case electromagnetic
behavior.

Using the imported excitation, electromagnetic simulations are conducted in SIwave.
Near-field analysis is performed to observe the distribution of electromagnetic fields
on the PCB and to evaluate how the signal trace excites the power-plane resonance.

The effect of decoupling capacitors is studied by placing capacitors at different loca-
tions on the power plane and repeating the simulations. The resulting field distribu-
tions are compared to evaluate how capacitor placement influences electromagnetic
emissions.

This approach also allows identification of optimal locations for additional capac-
itor placement to reduce field intensity and mitigate EMI. The combined use of
resonance analysis, circuit excitation, and field simulation provides a comprehen-
sive understanding of EMI generation mechanisms and supports the development of
effective mitigation strategies.

3.5 Hardware Measurement setup

3.5.1 Signal integrity test board
The hardware measurements were performed to validate the signal integrity be-
haviour predicted by the simulations. The measurement setup consisted of a Rohde
& Schwarz ZNB Vector Network Analyzer (VNA), precision RF coaxial cables, SMA
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connector adapters, and the fabricated signal integrity test board [24]. The complete
measurement setup used during testing is shown in Figure 3.21.

Figure 3.21: Overall signal integrity measurement setup including the VNA, test
board, coaxial cables, and measurement computer.

A Rohde & Schwarz ZNB Vector Network Analyzer was used to measure the scatter-
ing parameters of the different test structures. The instrument supports broadband
frequency-domain characterization and enables accurate measurement of both in-
sertion loss (S21) and return loss (S11). The VNA used during the measurements is
shown in Figure 3.22.

The fabricated signal integrity test board was connected to the VNA using coax-
ial cables terminated with SMA edge-launch connector adapters, as shown in Fig-
ure 3.23. The adapters provide a reliable transition between the measurement equip-
ment and the PCB transmission lines while minimizing additional parasitic effects.
Individual structures were measured by connecting the selected input and output
ports to the VNA test ports.

For transmission and reflection measurements, a two-port VNA configuration was
employed. Prior to testing, a full two-port calibration was performed using open,
short, load, and thru (OSLT) standards to remove systematic errors introduced
by cables, connectors, and adapters. The reference impedance was set to 50 Ω,
consistent with both the PCB design and simulation setup.

The calibrated measurements provided the S-parameters of each test structure, en-
abling direct comparison with the corresponding simulation results. Insertion loss
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Figure 3.22: Rohde & Schwarz ZNB Vector Network Analyzer used for signal
integrity measurements.

Figure 3.23: Signal integrity test board equipped with SMA connector adapters
for VNA measurements.
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(S21) was used to evaluate signal transmission performance, while return loss (S11)
was used to assess impedance matching and signal reflections. For the crosstalk
structure, a fast pulse signal with an amplitude of 1 V and a rise time of approxi-
mately 30 ps was applied to the aggressor trace. The induced voltages on the victim
trace were then measured to determine the near-end crosstalk (NEXT) and far-end
crosstalk (FEXT) levels.

The combination of hardware measurements and simulation results provides experi-
mental validation of the investigated signal integrity phenomena, including transmis-
sion loss, via-stub effects, return-path discontinuities, and electromagnetic coupling
between adjacent traces.

3.5.2 EMI test board
Hardware measurements were performed to validate the resonance behaviour and
near-field emissions observed in the EMI simulations. The measurement setup con-
sisted of a Tektronix 6-Series Mixed Signal Oscilloscope, which was used to gener-
ate the excitation signal, the fabricated EMI test board, and a Teledyne LeCroy
NFP3000 near-field probe system for measuring the resulting electromagnetic emis-
sions [25]. The complete measurement setup is shown in Figure 3.24.

An 80 MHz square-wave signal was generated using the integrated function gener-
ator of the Tektronix oscilloscope and applied to the signal trace routed adjacent
to the power plane. The signal frequency was intentionally selected such that its
harmonic content could excite the resonant modes of the power-plane structure.
Resonance analysis performed during the simulation stage identified the dominant
power-plane resonance at approximately 240 MHz, which closely corresponds to the
third harmonic of the 80 MHz excitation signal.

Near-field emissions were measured using the Teledyne LeCroy NFP3000 near-field
probe system. The probe was positioned above the region of interest on the PCB
surface to capture the localized electromagnetic fields generated by the interaction
between the signal trace and the resonant power plane. The measured near-field
signals were transferred to the oscilloscope and analysed in the frequency domain
using the integrated spectrum analysis functionality.

Two capacitor configurations were evaluated during the measurements. The first
configuration utilized a single decoupling capacitor connected between the power
and ground planes, while the second configuration included an additional decou-
pling capacitor placed at a location determined from the simulation results. The
resulting near-field emission spectra were compared to evaluate the effectiveness of
the decoupling strategy in suppressing power-plane resonance.

This measurement setup enabled direct experimental validation of the simulated
EMI behaviour and provided insight into the relationship between signal harmonics,
power-plane resonance, and near-field electromagnetic emissions.
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Figure 3.24: EMI measurement setup showing the Tektronix oscilloscope, EMI
test board, and Teledyne LeCroy NFP3000 near-field probe.
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Results

4.1 Signal integrity test board

4.1.1 Signal Integrity Results – Simulation
The signal integrity performance of the test structures is evaluated using SIwave
simulations. Based on the theoretical expectations, each structure is analysed to
identify the impact of layout variations on signal transmission.

Structure A – Baseline

Structure A is expected to exhibit minimal reflections due to the absence of dis-
continuities. The simulation results show low insertion loss and good transmission
performance across the frequency range, confirming uniform impedance behaviour.
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Figure 4.1: Structure-A Insertion Loss

Structure B – Via Stub Effect

The via stub in B1 is expected to introduce a frequency-dependent impedance dis-
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Figure 4.2: Structure-A Return Loss

continuity. The simulation results show increased insertion loss at higher frequencies
for B1, while B2, with back-drilled vias, shows improved performance. This confirms
the effect of stub-induced resonance.
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Figure 4.3: Structure-B Insertion Loss

Structure C – Return Path Disruption

The interruption of the return path is expected to increase loop inductance and
degrade signal transmission. The results show higher insertion loss for the split-
plane case (C1), while the addition of a 100 nF stitching capacitor (C2) improves
the response by restoring high-frequency return current flow.

Structure D – Crosstalk

For crosstalk analysis, the aggressor signal with 1.5 V amplitude and 30 ps rise time
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Figure 4.5: Structure-C Insertion Loss
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Figure 4.6: Structure-C Return Loss

introduces strong high-frequency components. The simulation results show that
tight spacing (1W) leads to significantly higher coupling compared to 3W spac-
ing. Both near-end and far-end crosstalk increase with reduced spacing and longer
parallel routing.

Figure 4.7: Structure-D Near end Crosstalk

40



4. Results

Figure 4.8: Structure-D Far end Crosstalk

4.1.2 Signal Integrity Results – Hardware Measurements

Structure A – Baseline

The hardware measurements for Structure A were performed using a Vector Network
Analyzer (VNA) to evaluate the transmission and reflection characteristics of the
baseline transmission line. The measured insertion loss and return loss are shown
in Figures 4.9 and 4.10, respectively.
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Figure 4.9: Structure A – Insertion Loss
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Figure 4.10: Structure A – Return Loss

The insertion loss remains close to 0 dB at lower frequencies and gradually de-
creases with increasing frequency, reaching approximately −3 dB near 1 GHz. This
indicates that the transmission line exhibits low attenuation over most of the investi-
gated frequency range. The increased attenuation at higher frequencies is primarily
attributed to conductor and dielectric losses, which become more pronounced as
frequency increases.

The return loss remains below approximately −10 dB throughout most of the fre-
quency range, indicating acceptable impedance matching and limited signal reflec-
tions. Several local minima can be observed, corresponding to frequencies where the
transmission line exhibits improved matching characteristics. Since the structure
consists of a continuous transmission line with an uninterrupted reference plane,
significant reflection mechanisms are not expected.

Overall, the measured results confirm the expected behaviour of the baseline struc-
ture and are in good agreement with the simulation results presented in Figures 4.1
and 4.2. The low insertion loss and acceptable return loss demonstrate that Struc-
ture A provides a stable transmission path and serves as a suitable reference for
comparison with the remaining signal integrity test structures.

Structure B – Via Stub Effect

Structure B is used to investigate the influence of via stubs on signal transmis-
sion. The measured insertion loss and return loss for the conventional via structure
(B1) and the back-drilled configuration (B2) are shown in Figures 4.11 and 4.12,
respectively.
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Figure 4.11: Structure B – Insertion Loss
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Figure 4.12: Structure B – Return Loss

The insertion loss results show that both structures exhibit similar performance at
lower frequencies, where the effect of the via stub is limited. As the frequency in-
creases, the transmission response becomes increasingly frequency dependent and
several resonant features can be observed. B2 generally exhibits slightly lower inser-
tion loss than B1 across portions of the higher-frequency range, indicating improved
signal transmission due to the removal of the unused via stub. The difference be-
comes more noticeable as the frequency increases, where the resonant behaviour of
the stub has a greater influence on the signal path.

The measured return loss results indicate that both configurations have similar re-
flection characteristics over much of the investigated frequency range. However,
several resonant points can be observed at higher frequencies where the impedance
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matching varies significantly. These resonances are associated with the via transi-
tion and the frequency-dependent behaviour introduced by the stub structure. The
back-drilled configuration reduces the electrical length of the via and consequently
mitigates the impact of the stub on the overall response.

Overall, the measurements confirm that via stubs introduce additional high-frequency
degradation in the transmission path. The back-drilled configuration demonstrates
improved signal integrity performance by reducing the frequency-dependent effects
associated with the unused portion of the via barrel. Furthermore, the measured
trends show good agreement with the simulation results presented in Figures 4.3
and 4.4, validating the simulated behaviour of the via structures.

Structure C – Return Path Disruption

The hardware results for Structure C are presented in Figures 4.13 and 4.14. The
measurements compare the performance of the split-plane structure without a stitch-
ing capacitor (C1) and the structure with a 100 nF stitching capacitor placed across
the split (C2). This comparison enables evaluation of the impact of return-path
discontinuities on signal transmission.
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Figure 4.13: Structure-C Insertion Loss

The insertion loss results show similar behaviour for both configurations at lower
frequencies, indicating that the return-path discontinuity has a limited effect in
this region. As the frequency increases, the difference between the two structures
becomes more apparent. C2 generally exhibits lower insertion loss than C1, particu-
larly above 1 GHz, demonstrating improved signal transmission. This improvement
is attributed to the stitching capacitor providing a low-impedance path for the high-
frequency return current, thereby reducing the effective loop inductance introduced
by the plane split.

The return loss measurements show that both structures exhibit comparable be-
haviour over a large portion of the investigated frequency range. However, several
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Figure 4.14: Structure-C Return Loss

resonant features are observed at higher frequencies due to the frequency-dependent
nature of the return path. The structure with the stitching capacitor generally
maintains slightly improved matching characteristics, indicating that the capacitor
helps reduce the impedance discontinuity associated with the interrupted reference
plane.

Overall, the measured results confirm that disruption of the return current path
degrades signal transmission, particularly at higher frequencies. The addition of a
stitching capacitor partially restores the return-path continuity and improves the
high-frequency performance of the structure. Furthermore, the measured trends are
consistent with the simulation results presented in Figures 4.5 and 4.6, validating
the effectiveness of stitching capacitors in mitigating signal integrity degradation
caused by reference-plane discontinuities.

Structure D – Crosstalk Coupling

Structure D is used to evaluate electromagnetic coupling between adjacent signal
traces. The hardware measurements were performed for two different spacing config-
urations, namely 1W and 3W, and the results were compared with the correspond-
ing simulation results. The measured and simulated near-end crosstalk (NEXT) and
far-end crosstalk (FEXT) values are summarized in Table 4.1.

Table 4.1: Comparison of simulated and measured crosstalk results for
Structure-D

Configuration NEXT (Sim.) (mV) FEXT (Sim.) (mV) NEXT (Exp.) (mV) FEXT (Exp.) (mV)
1W 101.30 18.82 96.70 23.42
3W 50.65 122.38 52.93 101.43

The results show good agreement between simulation and hardware measurements

45



4. Results

for both configurations. For the 1W configuration, the measured NEXT voltage of
96.7 mV closely matches the simulated value of 101.3 mV, while the measured FEXT
voltage of 23.42 mV is also comparable to the simulated value of 18.82 mV. Similarly,
the measured and simulated results for the 3W configuration show good correlation,
demonstrating that the simulation model accurately captures the dominant coupling
mechanisms.

A reduction in NEXT is observed when the trace spacing is increased from 1W to
3W. The measured NEXT decreases from 96.7 mV to 52.93 mV, corresponding to
a reduction of approximately 45%. This behaviour is expected, as increasing the
spacing reduces the electric and magnetic field coupling between the adjacent traces.

In contrast, the FEXT level increases for the 3W configuration. While larger spacing
generally reduces coupling, the 3W structure also contains a longer parallel rout-
ing section than the 1W structure. Since far-end crosstalk accumulates along the
coupled length, the increased coupling length has a stronger influence on the FEXT
response than the reduction in spacing. As a result, the measured FEXT increases
from 23.42 mV for the 1W configuration to 101.43 mV for the 3W configuration.
The same trend is observed in the simulation results.

Overall, the hardware measurements validate the simulation results and demonstrate
that both trace spacing and parallel routing length play an important role in de-
termining crosstalk behaviour. While increased spacing reduces near-end coupling,
longer coupling lengths can significantly increase far-end crosstalk. The close agree-
ment between simulation and measurement confirms the accuracy of the developed
signal integrity model.

4.2 DC resistance test board

4.2.1 DCIR Results – Simulation
DCIR simulations are used to evaluate voltage drop and current distribution across
different structures.

Structure A

The simulation results for Structure A are obtained under a constant current exci-
tation of 2 A. The voltage distribution along the trace is shown in Figure 4.15, and
the corresponding power dissipation is shown in Figure 4.16.

The voltage gradually decreases from approximately 0 mV at the source end to about
-50.47 mV at the load end. A smooth and continuous voltage gradient is observed
along the entire length of the conductor.

The power dissipation is relatively uniform along the trace, with values around
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Figure 4.15: Voltage distribution across Structure A at 2 A input current.

Figure 4.16: Power dissipation distribution across Structure A at 2 A input
current.
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0.3 W/cm3 for most of the conductor. Slight variations are observed near the ter-
minal regions.

The results indicate a consistent voltage drop and uniform power dissipation be-
haviour along the conductor under the applied current condition.

Structure B – Via Array

The DCIR simulation results for Structure B are obtained under an applied current
of 2 A. The evaluated parameters include voltage drop across the trace, via current
distribution, power dissipation near the via, and current density.

The simulation results are summarized in Table 4.2.

Table 4.2: Simulation results for Structure B at 2 A input current

Structure Voltage (mV) Via Current (A) Power Density (W/cm3) Current Density (A/mm2)
B1 49.671 2.0 27.63 34.45
B2 47.183 1.0 19.9 18.6
B3 45.642 0.5 10.6 13.14

The results show a gradual decrease in the voltage difference across the trace from
B1 to B3. The via current is distributed differently across the configurations, with
B1 carrying the full current through a single via, while B2 and B3 split the current
across multiple vias.

A corresponding reduction in power dissipation near the via region is observed as
the number of vias increases. Similarly, the current density near the via decreases
significantly from B1 to B3.

This trend indicates that increasing the number of vias results in improved current
distribution and reduced localized electrical stress, which is reflected in lower voltage
drop and reduced power density.

Structure C – Trace Width

The DCIR simulation results for Structure C are obtained under a constant current
excitation of 5 A. The structures consist of conductors with different trace widths,
ranging from 0.25 mm to 10 mm.

The evaluated parameters include voltage difference across the trace, power den-
sity, current density, and temperature. The simulation results are summarized in
Table 4.3.

The results show a significant reduction in voltage difference across the trace as the
width increases from 0.25 mm to 10 mm. The highest voltage drop is observed in
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Table 4.3: Electrical simulation results for Structure C at 5 A input current

Structure Voltage difference across the trace (mV) Power Density (W/cm3) Current density (A/mm2)
C1 (0.25 mm) 584.54 5742 571
C2 (0.75 mm) 336.41 638 190
C3 (2 mm) 125.65 89.72 71.42
C4 (10 mm) 26.36 3.58 14.28

C1, while C4 exhibits the lowest value.

A strong variation in current density is observed across the structures. The narrowest
trace (C1) shows the highest current density, while wider traces show a substantial
decrease. The reduction in current density becomes more pronounced with larger
increases in trace width.

Similarly, the power density decreases significantly as the trace width increases, with
the highest values observed in C1 and the lowest in C4. It can also be observed that
the reduction is not linear, with the most significant change occurring between the
narrower and intermediate widths.

These results indicate that increasing the trace width improves current distribution
along the conductor and reduces localized electrical loading, particularly in narrow
geometries where current concentration is highest.

Additionally, thermal analysis was performed using the power map derived from the
DCIR simulation. The maximum and minimum temperatures obtained from the
DCIR power map are summarized in Table 4.4. This approach captures localized
heating effects caused by non-uniform current distribution. The maximum and
minimum temperatures obtained for each structure are:

Table 4.4: Maximum and minimum temperatures from DCIR power map for
Structure C

Structure Maximum Temperature (°C) Minimum Temperature (°C)
C1 (0.25 mm) 181.896 95.876
C2 (0.75 mm) 92.361 60.959
C3 (2 mm) 49.170 40.019
C4 (10 mm) 27.284 25.420

These results reveal a large temperature gradient in the narrower traces, particularly
for C1, where severe current crowding leads to pronounced localized heating. As the
trace width increases, both the peak temperature and the temperature variation
across the conductor decrease significantly. This indicates improved heat spreading
and reduced formation of localized hot spots in wider traces.

Furthermore, the influence of conformal coating can be observed in Table 4.5. In
all cases, the coated structures exhibit slightly lower temperatures compared to
the uncoated ones. This behaviour can be attributed to the coating providing an
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additional thermal conduction path and promoting more uniform heat distribution.
Although the temperature reduction is relatively small, it becomes more relevant in
narrower traces where localized heating and thermal stress are more critical.

Table 4.5: Thermal simulation results for Structure C

Structure Temperature without conformal coating (°C) Temperature with conformal coating (°C)
C1 (0.25 mm) 124.886 127.815
C2 (0.75 mm) 92.788 94.250
C3 (2 mm) 80.304 82.521
C4 (10 mm) 66.679 67.279

Overall, both the steady-state and power map based thermal results confirm that in-
creasing trace width improves thermal performance by reducing peak temperatures,
minimizing temperature gradients, and enhancing current distribution.

Structure D – Polygon Geometry

DCIR simulations were performed to evaluate the power density distribution, with
particular focus on the corner regions where current crowding effects are expected
to be most prominent. The results are illustrated in Fig. 4.19, where representative
hotspots for both geometries are highlighted.

The results clearly show that D1 exhibits significantly higher power density at the
sharp corners, with localized peaks reaching approximately 6.720 W/cm3. In con-
trast, D2 demonstrates a noticeably lower power density in the corresponding re-
gions, with peak values around 3.470 W/cm3. Similar reductions are observed at
other corner locations, where D1 shows values around 5.226 W/cm3 compared to
approximately 2.159 W/cm3 in D2.

This reduction in power density for D2 can be attributed to the smoother transition
provided by the rounded corners, which facilitates a more uniform current flow and
reduces current crowding. In sharp geometries (D1), the abrupt change in current
path leads to localized concentration of current, which in turn increases resistive
losses and power dissipation.

Overall, the results indicate that even minor geometric modifications, such as corner
rounding, can significantly reduce localized electrical stresses. This improvement
is particularly important for enhancing reliability, as lower power density directly
translates to reduced thermal hotspots and improved long-term performance of the
conductor.

Structure E – Power and Signal Interaction

Structure E investigates the electromagnetic interaction between a high-current
power trace (10 V, 30 A) and a nearby signal trace. Due to the large current
flowing through the power trace, strong electromagnetic fields are generated, which
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0.48

Figure 4.17: D1 - Sharp corners showing higher localized power density
0.48

Figure 4.18: D2 - Rounded corners showing reduced power density

Figure 4.19: Comparison of power density distribution in Structure D for sharp
and rounded polygon geometries under 5 A DC excitation.

51



4. Results

can potentially couple into adjacent signal traces and impact signal integrity.

To analyse this behaviour, both near-field and far-field simulations were performed.
The near-field electric field distribution is first examined to understand localized
coupling effects, as shown in Fig. 4.20.

Figure 4.20: Near-field electric field distribution around the power and signal
traces (V/m).

The near-field results indicate strong electric field concentration along the power
trace, particularly at bends and geometrical discontinuities. Peak electric field val-
ues exceed 110 V/m in localized regions, while the field strength gradually decreases
away from the trace. The signal trace is located within this field region, indicat-
ing a potential coupling path that may introduce noise or disturbances in signal
transmission.

The far-field radiation characteristics are analysed next and are illustrated in Fig. 4.21,
which shows the radiated electric field as a function of frequency.

The far-field plot represents the radiated electric field in decibels (dB), which is a
logarithmic measure of the field magnitude relative to a reference value. The dB
scale is defined as:

EdB = 20 log10

(
E

Eref

)
(4.1)

where E is the electric field magnitude and Eref is the reference field level. This
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Figure 4.21: Far-field radiation showing electric field magnitude in dB as a
function of frequency for Structure E.

logarithmic representation is useful for visualizing a wide dynamic range of electro-
magnetic emissions.

From Fig. 4.21, it can be observed that the radiated emissions remain extremely low
across the analysed frequency range, with values predominantly below −350 dB.
A slightly higher response is seen at very low frequencies, followed by a relatively
stable emission profile with minor fluctuations up to 25 MHz.

Overall, the results indicate that while far-field radiation is minimal, the near-field ef-
fects are significant and dominate the electromagnetic interaction between the power
and signal traces. These localized fields are more critical for signal integrity, high-
lighting the importance of layout optimization, spacing, and shielding techniques in
high-current PCB designs.

4.3 EMI test board

4.3.1 EMI Results – Simulation
The EMI behaviour of the test board is analysed using a combination of resonance
analysis and circuit-field co-simulation.

Resonant mode analysis identifies dominant resonance frequencies in the power
plane, which are confirmed through Z-parameter sweep results [20, 17]. By exciting
the signal trace at the resonance frequency, strong electromagnetic field concentra-
tion is observed in the power plane region.

Near-field analysis shows significant field intensification near the excitation point
and along the edges of the power plane, indicating strong coupling.
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Figure 4.22: Near field comparison
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Figure 4.23: Far field comparison
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4.3.2 EMI Results - Hardware Measurements
The introduction of decoupling capacitors reduces the field intensity by providing
low-impedance paths and damping the resonance. The simulations show that the
placement of the capacitor significantly influences the effectiveness of emission re-
duction.

The measured near-field emissions for the EMI test board are shown in Figure 4.24.
The measurements compare the emissions obtained with a single decoupling capac-
itor and with two decoupling capacitors connected to the power plane.
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Figure 4.24: Nearfield

A distinct emission peak is observed around 233 MHz for both configurations. This
frequency corresponds closely to the resonant frequency of the power plane identified
in the simulations. The power-plane resonance is excited by the harmonic content
of the 80 MHz signal propagating through the signal trace routed adjacent to the
plane. In particular, the third harmonic of the 80 MHz excitation coincides with
the resonance frequency of the power plane, leading to enhanced electromagnetic
emissions.

For the single-capacitor configuration, the peak emission reaches approximately −43
dBm. When a second decoupling capacitor is added, the peak emission is reduced to
approximately −60 dBm, corresponding to a reduction of about 17 dB. Away from
the resonance frequency, both configurations exhibit similar background emission
levels, indicating that the dominant difference between the two cases is associated
with the suppression of the resonant mode.

These measurements are consistent with the simulation results presented in Fig-
ure 4.22, where the addition of a second decoupling capacitor significantly reduced
the maximum electric field intensity around the plane resonance frequency. Al-
though the simulation results are represented in terms of electric field strength and
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the measurements are represented as received power levels, both approaches show
the same overall trend.

Overall, the hardware measurements confirm that the observed emissions are pri-
marily driven by excitation of the power-plane resonance. The addition of a second
decoupling capacitor effectively damps the resonant mode, resulting in a signifi-
cant reduction in near-field emissions and improved electromagnetic compatibility
performance.

56



5
Conclusion

5.1 Results from present work

This thesis investigated how PCB layout influences signal integrity, electromagnetic
interference (EMI), DC resistance (DCIR), and thermal behaviour in automotive
inverter systems. Dedicated test boards were developed to isolate individual phys-
ical mechanisms and enable systematic evaluation of their impact on electrical and
thermal performance. Hardware measurements were conducted to validate the sim-
ulation results and assess the accuracy of the modeling approach.

The signal integrity test board demonstrated how common PCB discontinuities in-
fluence high-frequency signal propagation. The baseline transmission line (Structure
A) exhibited low insertion loss, reaching approximately 3 dB at 1 GHz, while the
return loss remained below 10 dB over most of the measured frequency range, mak-
ing it a suitable reference structure. Via stubs (Structure B) were found to degrade
performance at higher frequencies. Back-drilling the unused via barrel in B2 re-
duced insertion loss and mitigated the resonant behaviour observed in B1, both
in simulation and hardware measurements. Return-path disruption (Structure C)
increased insertion loss above 1 GHz compared to the continuous reference plane
configuration, while the addition of a 100 nF stitching capacitor restored part of
the high-frequency transmission by providing a low-impedance return-current path.
The crosstalk measurements (Structure D) showed that NEXT and FEXT respond
differently to layout changes. Increasing the trace spacing from 1W to 3W reduced
NEXT by approximately 45%, from 96.7 mV to 52.9 mV. However, FEXT increased
from 23.4 mV to 101.4 mV because the 3W configuration also contained a longer
parallel routing section. These results demonstrate that trace spacing and coupling
length must be evaluated together when addressing crosstalk. Across all signal in-
tegrity structures, simulation and hardware measurements showed good agreement,
validating the SIwave modeling approach used in this work.

The DC resistance test board highlighted the strong influence of PCB geometry on
current distribution and resistive losses. Increasing the number of vias from one to
four (Structure B) reduced the current density near the via transition from 34.45
A/mm2 to 13.14 A/mm2, while simultaneously reducing both voltage drop and local
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power density. Trace width investigations (Structure C) showed an even larger im-
pact. Increasing the conductor width from 0.25 mm to 10 mm reduced the voltage
drop from 584.5 mV to 26.4 mV and lowered the current density from 571 A/mm2

to 14.3 A/mm2. The associated thermal effect was substantial, with the narrow-
est structure reaching a predicted peak temperature of approximately 182◦C, while
the widest conductor remained close to 27◦C. Polygon geometry (Structure D) also
affected performance. Replacing sharp corners with rounded transitions reduced
the localized power density from 6.72 W/cm3 to 3.47 W/cm3 at one hotspot and
from 5.23 W/cm3 to 2.16 W/cm3 at another, corresponding to a reduction of ap-
proximately 45–50%. These results demonstrate that even small geometric changes
can significantly improve current distribution and reduce localized electrical stress.
The thermal investigations performed using the DCIR test structures showed that
conductor geometry is the dominant factor governing temperature rise. Conformal
coating produced only a minor influence on thermal performance, with coated and
uncoated structures differing by approximately 2–3◦C across the investigated trace
widths. Although the coating introduced an additional conduction path, its effect
was considerably smaller than that of trace width and via density. Consequently,
increasing copper cross-sectional area and improving current distribution were found
to be substantially more effective thermal design measures than the application of
conformal coating.

The EMI test board revealed the importance of power-plane resonance and decou-
pling strategy in controlling electromagnetic emissions. Resonance analysis iden-
tified a dominant resonant mode between approximately 233 MHz and 240 MHz.
Hardware measurements confirmed this behaviour, showing that the third harmonic
of the applied 80 MHz excitation signal strongly excited the resonant power plane.
A clear near-field emission peak appeared near the predicted resonance frequency.
The addition of a second decoupling capacitor reduced the measured peak emission
from approximately −43 dBm to −60 dBm, corresponding to a reduction of about
17 dB. The measured results closely followed the simulation predictions, demon-
strating that proper placement of decoupling capacitors is an effective method for
suppressing resonance-driven emissions.

Overall, the results demonstrate that relatively small PCB layout modifications
can produce substantial changes in electrical and thermal performance. A single
back-drilled via, a 1 mm return-path discontinuity, an increase in trace width, the
rounding of polygon corners, or the addition of a strategically placed decoupling
capacitor each produced measurable improvements in performance. Since strong
agreement was obtained between simulation and hardware measurements across the
signal integrity, DCIR, thermal, and EMI investigations, the methodology developed
in this work provides a reliable framework for evaluating PCB design alternatives
before hardware implementation. The results show that simulation-driven PCB
design can be used as a systematic engineering tool for optimizing inverter PCB
layouts, reducing design iterations, and improving the electrical, electromagnetic,
and thermal performance of future automotive inverter systems.
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5.2 Ethics and Sustainability
While this thesis focuses on PCB design and simulation rather than direct human
interaction, ethical engineering practices directly shape the validity of the work. The
conclusions rely on a combination of simulation data and physical hardware mea-
surements. To maintain research integrity, the models have been strictly validated
against observed laboratory behavior, ensuring that limitations are transparently re-
ported and avoiding unsupported performance claims. In automotive applications,
this reliability is safety-critical; robust PCB layout minimizes electrical failures that
could compromise vehicle performance or passenger safety.

From a sustainability perspective, this work directly targets the efficiency and relia-
bility of electric vehicle (EV) power electronics. The design optimizations explored,
specifically mitigating current crowding, reducing I2R and switching losses, and
suppressing electromagnetic interference (EMI), directly lower energy dissipation as
waste heat, maximizing inverter efficiency. Additionally, shifting the development
focus to a simulation-driven methodology cuts down the physical prototyping loop.
By reducing the number of necessary board iterations, this approach directly saves
substrate materials, components, and manufacturing energy, contributing to a more
resource-efficient product development cycle in automotive engineering.

5.3 Future Work
While the simplified test structures used in this work provided valuable insight into
the influence of individual PCB layout features, further validation at the inverter
level would strengthen the conclusions. Future work could therefore focus on per-
forming signal integrity and DCIR measurements directly on a complete inverter
PCB. Such investigations would enable evaluation of the combined effects of mul-
tiple layout features acting simultaneously and provide additional validation of the
simulation methodology under realistic operating conditions.

Another area of interest is the development of a fully coupled electro-thermal simu-
lation workflow. In the present work, electrical and thermal analyses were performed
sequentially, where electrical losses were used as input for thermal simulations. A
more advanced approach would involve simultaneous solution of electrical and ther-
mal behaviour, allowing temperature-dependent material properties and loss mech-
anisms to continuously interact during the simulation process. This would provide a
more realistic representation of inverter operating conditions, particularly in regions
with significant current crowding and localized heating.

The EMI study may also be extended from the simplified test board to a complete
inverter PCB. Future investigations could include correlation between simulation
results and measured near-field, conducted, and radiated emissions. Such work
would provide a more comprehensive understanding of how power-plane resonances,
switching signals, and PCB layout interact in practical inverter systems and could
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support the development of improved EMI mitigation strategies.

Additional improvements can be achieved by incorporating more detailed thermal
models. Future simulations could include temperature-dependent material prop-
erties, detailed component representations, package-level thermal effects, cooling
paths, and mechanical assembly influences. These factors become increasingly im-
portant as power density increases and thermal margins become smaller in modern
electrified powertrain systems.

Automation of the simulation workflow also represents a promising area for further
development. By utilizing scripting and automated post-processing tools, a large
number of PCB design variations could be evaluated with minimal manual interven-
tion. This would enable systematic design-space exploration and allow engineers to
identify optimal design solutions more efficiently than through traditional iterative
approaches.

Finally, several PCB design parameters investigated only partially in this work could
be studied in greater detail. Future research may include the influence of stack-
up configuration, copper thickness, grounding strategies, shielding techniques, and
advanced decoupling network optimization. These parameters are all closely linked
to signal integrity, electromagnetic compatibility, thermal performance, and power
distribution behavior, and their combined investigation would contribute to a more
complete understanding of inverter PCB design.

60



Bibliography

[1] H. W. Johnson and M. Graham, High-Speed Signal Propagation: Advanced
Black Magic. Upper Saddle River, NJ, USA: Prentice Hall, 2003.

[2] E. Bogatin, Signal and Power Integrity: Simplified, 3rd ed. Boston, MA, USA:
Pearson, 2018.

[3] S. H. Hall and H. L. Heck, Advanced Signal Integrity for High-Speed Digital
Designs. Hoboken, NJ, USA: John Wiley & Sons, 2009.

[4] T. Kushta, K. Narita, T. Kaneko, T. Saeki, and H. Tohya, “Resonance stub
effect in a transition from a through via hole to a stripline in multilayer pcbs,”
IEEE Microwave and Wireless Components Letters, vol. 13, no. 5, pp. 169–171,
2003.

[5] X. Tian and Y.-J. Zhang, “Analysis of via resonance in multi-layer printed cir-
cuit board,” in 2018 International Workshop on Antenna Technology (iWAT),
2018, pp. 1–3.

[6] S. K. Singamsetty, N. Prakash, A. V M, and V. L, “Emi analysis of via stub
resonance in a multi-layer pcb design,” in 2023 Joint Asia-Pacific International
Symposium on Electromagnetic Compatibility and International Conference on
ElectroMagnetic Interference Compatibility (APEMC/INCEMIC), 2023, pp.
1–3.

[7] V. A. Huddar, “Via resonance amplitude control,” in 2021 International Con-
ference on Electronics Packaging (ICEP), 2021, pp. 189–190.

[8] “3d full-wave simulation of stub length effect of vias in high-speed pcb,” in
Proceedings of an IEEE Conference. IEEE, 2021, iEEE document 9597017.
[Online]. Available: https://ieeexplore.ieee.org/document/9597017

[9] L. Boccia, E. Arnieri, and G. Amendola, “Via-stub effects in millimeter wave
printed circuit boards,” in 2019 IEEE Asia-Pacific Microwave Conference
(APMC), 2019, pp. 1694–1696.

61

https://ieeexplore.ieee.org/document/9597017


Bibliography

[10] C. R. Paul, Introduction to Electromagnetic Compatibility, 2nd ed. Hoboken,
NJ, USA: John Wiley & Sons, 2006.

[11] D. Brooks, Signal Integrity Issues and Printed Circuit Board Design. Upper
Saddle River, NJ, USA: Prentice Hall, 2003.

[12] S. Xu, “Current distribution analysis in multilayer pcbs,” IEEE Transactions
on Components and Packaging Technologies, vol. 33, no. 2, pp. 404–412, 2010.

[13] F. P. Incropera, D. P. DeWitt, T. L. Bergman, and A. S. Lavine, Fundamentals
of Heat and Mass Transfer, 7th ed. Hoboken, NJ, USA: John Wiley & Sons,
2011.

[14] A. Dasgupta, “Thermal performance of printed circuit boards,” IEEE Transac-
tions on Components, Packaging and Manufacturing Technology, vol. 4, no. 8,
pp. 1345–1352, 2014.

[15] H. W. Ott, Electromagnetic Compatibility Engineering. Hoboken, NJ, USA:
John Wiley & Sons, 2009.

[16] M. I. Montrose, Printed Circuit Board Design Techniques for EMC Compliance:
A Handbook for Designers, 2nd ed. Piscataway, NJ, USA: IEEE Press, 2000.

[17] I. Novak, “Power distribution network design methodologies,” IEEE Transac-
tions on Advanced Packaging, vol. 24, no. 3, pp. 347–356, 2001.

[18] M. Swaminathan and A. E. Engin, Power Integrity Modeling and Design for
Semiconductors and Systems. Upper Saddle River, NJ, USA: Prentice Hall,
2007.

[19] M. Swaminathan, “Decoupling capacitor optimization for power distribution
systems,” IEEE Transactions on Electromagnetic Compatibility, vol. 44, no. 1,
pp. 37–45, 2002.

[20] J. Kim and M. Swaminathan, “Modeling of power and ground plane struc-
tures in high-speed printed circuit boards,” IEEE Transactions on Advanced
Packaging, vol. 23, no. 3, pp. 460–470, 2000.

[21] Altium Limited, Altium Designer Documentation, Altium Limited, accessed:
2026-02-01. [Online]. Available: https://www.altium.com/documentation/
altium-designer

[22] Ansys, Inc., Ansys SIwave, Ansys, Inc., accessed: 2026-02-10. [Online].
Available: https://www.ansys.com/products/electronics/ansys-siwave

62

https://www.altium.com/documentation/altium-designer
https://www.altium.com/documentation/altium-designer
https://www.ansys.com/products/electronics/ansys-siwave


Bibliography

[23] ——, Ansys Icepak Electronics Cooling Simulation, Ansys, Inc., accessed:
2026-04-05. [Online]. Available: https://www.ansys.com/products/electronics/
ansys-icepak

[24] Rohde & Schwarz, ZNB Vector Network Analyzer, Rohde & Schwarz, accessed:
2026-06-12. [Online]. Available: https://www.rohde-schwarz.com

[25] Teledyne LeCroy, NFP3000 Near-Field Probe Set, Teledyne LeCroy, accessed:
2026-06-15. [Online]. Available: https://www.teledynelecroy.com

63

https://www.ansys.com/products/electronics/ansys-icepak
https://www.ansys.com/products/electronics/ansys-icepak
https://www.rohde-schwarz.com
https://www.teledynelecroy.com


Bibliography

64



A
DCIR thermal simulation -

Structure C

Figure A.1: Temperature distribution for C1 (0.25 mm trace width).
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A. DCIR thermal simulation - Structure C

Figure A.2: Temperature distribution for C2 (0.75 mm trace width).

Figure A.3: Temperature distribution for C3 (2 mm trace width).
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A. DCIR thermal simulation - Structure C

Figure A.4: Temperature distribution for C4 (10 mm trace width).
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A. DCIR thermal simulation - Structure C

(a) Without conformal coating

(b) With conformal coating

Figure A.5: Temperature distribution for Structure C1 under 5A excitation with
and without conformal coating.
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