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electromagnetic (EM) coupling, which degrades signal integrity and system
performance. This paper introduces a combined approach to enhance isolation
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metallized grids. Interrupted BDL layers disrupt coupling pathways, while
metallized grids act as additional barriers to electromagnetic wave propagation.
Electromagnetic simulations across 2-12 GHz demonstrate that the combined
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proposed approach for GHz-range applications such as 5G and millimeter-wave
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1. Introduction

In high-frequency communication systems, electromagnetic (EM) coupling poses a critical
challenge, directly impacting signal isolation, data integrity, and overall system performance.
This issue is particularly pronounced as the demand for high-speed communication
technologies such as 5G, millimeter-wave (mmWave) networks, and the Internet of Things
(1oT) continues to grow. These systems operate predominantly in the GHz frequency
spectrum, where EM interference and coupling effects become increasingly severe due to the
compactness of components and high-density circuit designs [1-8].

To address these challenges, engineers and researchers have explored various methods to
improve signal isolation in high-frequency systems. Among these, Buried Diffused Layers
(BDL) have emerged as a key solution for reducing electromagnetic coupling by acting as
isolation barriers between conductive regions. BDL layers are particularly useful in high-
resistivity substrates, where they can suppress capacitive coupling and limit the propagation
of EM waves within the substrate [9]. However, the conventional implementation of
uninterrupted BDL layers has shown significant limitations, especially in meeting the stringent
isolation requirements of GHz-range systems. As frequencies increase, coupling pathways
within continuous BDL structures allow significant residual interference, compromising
system performance [10].

Recent advancements in substrate design and isolation technologies have led to the
development of enhanced techniques for improving the performance of BDL layers. These
include optimizing substrate material properties, such as resistivity and dielectric constant, and
modifying layer geometries to disrupt coupling pathways. Additionally, innovative solutions
such as the integration of metallized grids have been explored. Metallized grids are conductive
structures embedded in or on the substrate, designed to reflect and absorb EM waves, thereby
complementing the isolation performance of BDL layers. Despite these advancements,
existing techniques often fail to adequately address coupling effects at higher frequencies,
particularly in scenarios requiring broadband isolation across multiple GHz ranges [11-12].

To overcome these limitations, this study proposes a novel approach that combines the
interruption of BDL layers with the integration of metallized grids. The interruption of BDL
layers introduces intentional discontinuities, effectively breaking coupling pathways and
reducing surface current propagation. Metallized grids, on the other hand, act as
supplementary barriers, reflecting and absorbing residual EM waves that bypass the
interrupted BDL structures. This synergistic combination aims to maximize isolation
performance, particularly in high-frequency systems operating within the 2-12 GHz range
[13].

Through detailed electromagnetic (EM) simulations, this study evaluates the proposed
approach’s effectiveness in terms of coupling parameter (S,;) reduction, shielding
effectiveness, and insertion loss. The simulations compare three configurations: conventional
uninterrupted BDL layers, interrupted BDL layers, and the combined technique of interrupted
BDL layers with metallized grids. The results demonstrate significant improvements in
isolation performance with the combined technique, achieving coupling parameter reductions
of up to 30 dB compared to conventional methods, making it highly suitable for advanced
communication systems such as 5G, satellite communications, and loT networks [14-17].
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This paper is organized as follows: Section 2 provides a detailed overview of the proposed
approach, including the principles of BDL interruption and metallized grid integration. Section
3 describes the simulation setup, including the test configurations and evaluation criteria.
Section 4 presents the results of the EM simulations, focusing on frequency-wise analysis and
comparative performance evaluations. Finally, Section 5 concludes the paper by summarizing
the findings and suggesting potential directions for future research.

2. Background and Problem Statement
2.1 The Role of BDL Layers in EM Systems

Buried Diffused Layers (BDL) are crucial components in the design of high-frequency
systems, particularly in substrates with high resistivity. These layers are strategically
implemented to mitigate electromagnetic (EM) coupling effects, which can degrade signal
quality and overall system performance. The BDL layers achieve this by providing isolation
between conductive regions, thereby reducing the propagation of undesired electromagnetic
waves.

In electromagnetic systems, coupling parameters—commonly measured in decibels (dB)—
quantify the degree of interference between adjacent components. Lower coupling values
indicate better isolation, which is essential for ensuring signal integrity in high-frequency
applications.

2.1.1  Coupling Parameter
The coupling parameter, S,4, is defined as:
Pou
S21 =20 log ( Pint) 1)

where:

- P.,, is the power of the input signal,
- P,ut 1S the power of the coupled signal.

A lower S,, value indicates better isolation. Traditional BDL layers often achieve satisfactory
isolation at lower frequencies but become less effective as frequencies approach the GHz
range.

2.1.2  Challenges with Conventional BDL Layers
Despite their advantages, conventional BDL layers face several limitations. These include:

1. Frequency Dependence: As operating frequencies increase, the effectiveness of BDL
layers diminishes due to the increased density of electromagnetic fields and their penetration
through the substrate.

2. Coupling Pathways: Continuous BDL layers create coupling pathways that allow
some level of electromagnetic interference to propagate, especially at higher frequencies.
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3. Material Constraints: The resistive properties of the substrate and BDL layer material
further limit their performance in GHz-range applications.

2.1.3 Performance Metrics

To evaluate the performance of BDL layers, several metrics are typically analyzed (Table 1):

- Coupling Parameter (S,,): As described above, this indicates the level of isolation.

- Insertion Loss (S11): The loss in signal power due to reflection at the input.

- Frequency Response: The variation of S,; and S;; across different frequencies.
Table 1. Typical Performance Metrics of Conventional BDL Layers

Metric Low Frequency (<5 GHz)  High Frequency (> 5 GHz)
Coupling Parameter (S,;) -40dB -20 dB

Insertion Loss (S,,) -2dB -6 dB

Frequency Response Stable Degrades significantly

These limitations necessitate the development of innovative techniques to enhance the
isolation performance of BDL layers.

2.1.4  Proposed Solution

To overcome the challenges associated with conventional BDL layers, this study introduces
an interruption technique that strategically disrupts the continuity of the BDL layer. This
approach minimizes coupling pathways and enhances isolation performance. Furthermore, the
integration of metallized grids provides an additional barrier, complementing the interrupted
BDL structure. These combined techniques are designed to address the high-frequency
limitations of traditional BDL layers and are discussed in detail in the following sections.

2.2 Challenges in High-Frequency Systems

High-frequency systems, particularly those operating in the GHz spectrum, present unique
challenges in achieving effective electromagnetic (EM) isolation. As the frequency of
operation increases, the effects of electromagnetic coupling intensify, leading to significant
performance degradation in communication systems, integrated circuits, and other high-
frequency devices. This section explores the primary challenges that arise in high-frequency
systems and their impact on the performance of conventional Buried Diffused Layers (BDL).

2.2.1  Frequency-Dependent Coupling Effects

In high-frequency systems, the wavelength of electromagnetic waves decreases, resulting in a
denser electromagnetic field distribution. This increased density leads to:

1. Stronger Coupling Pathways: High frequencies exacerbate the coupling between
adjacent components, making it more challenging for traditional isolation techniques, such as
uninterrupted BDL layers, to effectively suppress interference.

2. Skin Effect: At higher frequencies, currents tend to concentrate on the surface of
conductors due to the skin effect. This phenomenon increases the resistance of the conductive
paths, impacting the effectiveness of isolation structures like BDL layers.
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2.2.2  Material and Substrate Constraints

The performance of high-frequency systems is highly dependent on the materials and
substrates used. The following constraints contribute to the challenges faced:

1. High-Resistivity Substrates: While high-resistivity substrates help reduce capacitive
coupling, their inherent characteristics often lead to higher inductive coupling at GHz
frequencies.

2. Dielectric Losses: At higher frequencies, dielectric materials exhibit increased energy
losses due to polarization effects, reducing the effectiveness of the BDL layers as isolators.

3. Substrate Thickness: Thinner substrates, often used in miniaturized designs,
exacerbate coupling issues by decreasing the physical separation between components.

2.2.3 Performance Degradation of BDL Layers
The limitations of conventional BDL layers become particularly evident at high frequencies:

1. Reduced Isolation Efficiency: Conventional BDL layers are less effective in
maintaining isolation as operating frequencies increase beyond 5 GHz. This results in higher
coupling parameters (S,;), as shown in Table 2.

2. Narrow Operational Bandwidth: The isolation performance of traditional BDL layers
is typically optimized for narrow frequency ranges, making them unsuitable for broadband
high-frequency applications.

Table 2. Typical Isolation Degradation of BDL Layers at High Frequencies

Frequency (GHz)  Coupling Parameter (S,,) Isolation Effectiveness

2 GHz -40 dB High
8 GHz -30dB Moderate
12 GHz -20dB Low

2.2.4 Impact on High-Frequency Applications

The challenges in achieving effective isolation directly affect the performance and reliability
of high-frequency applications, including:

1. Communication Systems: Increased coupling leads to interference, reducing signal-
to-noise ratio (SNR) and impairing data transmission quality.

2. Integrated Circuits: Uncontrolled coupling between adjacent components in densely
packed integrated circuits can cause signal distortion, timing errors, and power losses.

3. 5G Networks and Beyond: Advanced communication networks operating at mmWave
frequencies (e.g., 28 GHz) require robust isolation techniques to handle the increased EM
coupling challenges.

2.2.5 Need for Advanced Solutions

The limitations of traditional BDL layers and the growing demand for high-frequency systems
underscore the need for innovative solutions. Techniques that disrupt coupling pathways, such
as the interruption of BDL layers, and additional enhancements like metallized grids, offer
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promising approaches to overcoming these challenges. These methods aim to address the
frequency-dependent nature of coupling effects and the material constraints inherent in
conventional designs.

2.3 Limitations of Existing Techniques

Conventional techniques for mitigating electromagnetic (EM) coupling in high-frequency
systems, including the use of Buried Diffused Layers (BDL), have proven effective in certain
scenarios. However, these methods face significant limitations, particularly as operating
frequencies increase into the GHz range. This section highlights the primary shortcomings of
existing techniques and the challenges they pose for modern high-frequency applications.

2.3.1 Inadequate Performance at High Frequencies

Most traditional BDL designs are optimized for low to moderate frequencies but fail to provide
effective isolation at higher frequencies. The limitations include:

1. Reduced Isolation Efficiency: As the frequency increases, the coupling pathways in
uninterrupted BDL layers become more pronounced, leading to degraded isolation
performance. This is primarily due to the inability of continuous BDL layers to fully suppress
the denser electromagnetic fields at higher frequencies.

2. Frequency-Dependent Deterioration: Conventional BDL layers exhibit significant
variations in performance across the frequency spectrum. While they may achieve coupling
reductions of up to -40 dB at low frequencies, this effectiveness drops sharply to -20 dB or
worse at frequencies above 10 GHz.

2.3.2 Limited Adaptability to Broadband Applications

Modern systems, such as 5G and satellite communications, require solutions that perform
consistently across a wide frequency range. Existing techniques face challenges in achieving
this adaptability:

1. Narrowband Optimization: Traditional BDL layers are often designed for specific
frequency bands, making them unsuitable for broadband applications where multiple
frequency ranges are in use simultaneously.

2. Fixed Material Properties: The resistive and dielectric properties of conventional
substrates and BDL materials are not dynamically adjustable, further limiting their adaptability
to broadband scenarios.

2.3.3 Lack of Disruption in Coupling Pathways

Continuous BDL layers, while providing a certain degree of isolation, do not inherently disrupt
coupling pathways within the substrate. This limitation allows residual coupling effects to
persist, particularly in high-density circuits where physical proximity amplifies the impact of
electromagnetic interference (EMI). The lack of intentional discontinuities in BDL structures
contributes to:

- Ineffective Suppression of Surface Currents: Without interruptions, surface currents
resulting from the skin effect at higher frequencies remain largely unchecked.
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- Leakage of Electromagnetic Fields: Continuous pathways act as conduits for EM
wave leakage, compromising isolation.

2.3.4 Insufficient Integration with Advanced Structures

While advanced technigues such as metallized grids have been explored, their integration with
traditional BDL layers has been limited:

1. Standalone Metallized Grids: Metallized grids, when used independently, provide
some degree of isolation but are unable to fully mitigate coupling effects without additional
enhancements.

2. Lack of Synergistic Designs: The absence of a combined approach, where BDL layers
and metallized grids work in tandem, results in suboptimal performance, particularly at GHz
frequencies.

2.3.5 Practical Constraints in Implementation

Beyond performance limitations, existing techniques also face practical challenges in
implementation:

1. Complex Fabrication Processes: The precise doping profiles required for BDL layers
can complicate the manufacturing process, leading to increased costs and reduced scalability.

2. Substrate Compatibility Issues: Not all substrates are compatible with BDL
techniques, limiting their applicability in diverse high-frequency systems.

We summarize the primary shortcomings of existing techniques in addressing electromagnetic
coupling challenges in high-frequency systems. Traditional approaches, including
uninterrupted BDL layers and standalone metallized grids, face significant limitations in
isolation performance, particularly at GHz frequencies. These constraints highlight the need
for more advanced solutions to achieve effective and scalable electromagnetic interference
control. Table 3 provides a concise overview of these limitations and their impact on system
performance.

Table 3. Summary of Limitations in Existing Techniques

Limitation Description Impact on Performance

Frequency Dependence Reduced efficiency at higher frequencies Poor isolation above 10 GHz

Narrowband Optimization ~ Limited applicability in broadband systems Unsuitable for multi-band
applications

Continuous Coupling  Lack of disruptions in substrate coupling pathways Residual coupling effects persist

Pathways

Independent Metallized  Ineffective when not combined with BDL layers Suboptimal performance in GHz

Grids range

Complex Fabrication Difficult doping and material processes Higher costs and limited scalability

2.3.6  The Need for Innovative Solutions

The limitations of existing techniques underscore the need for new approaches that address
the high-frequency challenges of modern systems. These approaches must:
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. Disrupt coupling pathways within BDL layers.

. Combine complementary isolation methods, such as metallized grids, for enhanced
performance.

. Provide consistent isolation across a broad frequency range.

The next section introduces a novel solution that leverages BDL layer interruption and
metallized grids to overcome these limitations and achieve superior isolation performance.

3. Proposed Approach
3.1 Interruption of BDL Layers

The interruption of Buried Diffused Layers (BDL) is a novel approach aimed at overcoming
the inherent limitations of conventional continuous BDL structures. By introducing intentional
discontinuities into the BDL profile, the coupling pathways within the substrate are disrupted,
leading to significant improvements in isolation performance. This section details the concept,
implementation, and expected benefits of this technique.

3.1.1 Concept of BDL Layer Interruption

In traditional BDL designs, the continuous layer forms a pathway for electromagnetic (EM)
waves to propagate through the substrate, especially at high frequencies. The proposed
approach interrupts these continuous pathways by applying a doping profile that introduces
localized gaps within the BDL structure. These interruptions act as barriers, blocking the
propagation of surface currents and reducing the coupling of EM fields.

The interrupted BDL structure can be mathematically represented by a spatially varying
conductivity profile:

oo if(x,y) € active regions,
if (x,y) € interruption zones,

oppL(X,y) = {0 )

where:

. oppL(x,y) is the conductivity of the BDL at a given point,
. 0, is the nominal conductivity of the diffused layer,

. (x,y) represents the spatial coordinates of the substrate.
3.1.2 Implementation of Interrupted BDL Layers

The interruption is achieved through precision doping techniques during fabrication. This
process creates a periodic pattern of active and interrupted regions within the BDL layer.
Figure 1 illustrates an example of an interrupted BDL profile, where interruption zones are
strategically placed to maximize isolation.
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Figure 1. Interrupted BDL Layer Profile

The diagram shows the periodic arrangement of active regions and interruption zones, with
clear differentiation between these zones and annotations to indicate their roles in disrupting
electromagnetic coupling paths.

3.1.3  Simulation of Interrupted BDL Layers

Electromagnetic (EM) simulations were conducted to evaluate the impact of interrupted BDL
layers on isolation performance. The simulation parameters included:

. A frequency range of 2-12 GHz.
. A substrate thickness of 500 pm.
. Conductivity of the active regions set to 4000S/m.

The results showed significant reductions in coupling parameters (S,;) compared to
continuous BDL layers, particularly at higher frequencies as depicted in Table 4.

Table 4. Coupling Parameter (S,,) Comparison

Frequency (GHz)  Continuous BDL (S,;) Interrupted BDL (S,,)

2 GHz -30dB -40 dB
8 GHz -25dB -35dB
12 GHz -20dB -30dB

3.1.4 Benefits of BDL Layer Interruption
The primary benefits of interrupting BDL layers include:

1. Enhanced Isolation Performance: The introduction of gaps within the BDL
significantly reduces coupling by breaking continuous EM propagation pathways.

2. Frequency Scalability: The technique is particularly effective at higher frequencies,
providing consistent isolation across a broad frequency range.
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3. Reduced Surface Currents: By disrupting surface current paths, the interruption
reduces energy losses caused by the skin effect.

3.1.5 Challenges and Mitigation Strategies

While the interruption of BDL layers offers significant benefits, it introduces potential
challenges:

1. Fabrication Complexity: Precision doping to create interruption zones may require
advanced fabrication techniques. This can be mitigated by leveraging existing lithography
processes optimized for high-frequency applications.

2. Optimal Interruption Design: The placement and size of interruption zones must be
carefully optimized to balance isolation performance and substrate integrity. Simulation-
driven design can address this challenge by identifying optimal patterns for specific
applications.

The interruption of BDL layers represents a significant advancement in substrate isolation
techniques. By disrupting coupling pathways and reducing surface currents, this approach
effectively addresses the limitations of continuous BDL designs. The next subsection will
explore how the integration of metallized grids further enhances the isolation performance of
interrupted BDL layers.

3.2 Metallized Grids for Enhanced Isolation

Metallized grids are an effective enhancement to the isolation performance of Buried Diffused
Layers (BDL), particularly in high-frequency systems. By introducing an additional
conductive structure within the substrate, these grids act as barriers to electromagnetic (EM)
wave propagation, reducing coupling effects and complementing the performance of
interrupted BDL layers. This section explores the design, implementation, and benefits of
metallized grids as part of an integrated isolation strategy.

3.2.1 Concept of Metallized Grids

Metallized grids are conductive patterns, typically fabricated using metals such as aluminum
or copper, that are embedded within or above the substrate. These grids form a network of
conductive paths that shield sensitive regions from unwanted electromagnetic fields. The
periodic structure of the grid creates a high-impedance surface, preventing the propagation of
surface waves and reducing electromagnetic interference (EMI).

The shielding effectiveness of metallized grids can be expressed mathematically as:

SE = 20 - logy o (Sneldent ) (3)

Ptransmitted

where:
- SE is the shielding effectiveness in dB,
- Eincident 1S the magnitude of the incident electromagnetic wave,

- Piransmitted 1S the magnitude of the transmitted wave.
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3.2.2  Design of Metallized Grids

The design of metallized grids as shown in Figure 2 involves careful consideration of several
parameters to maximize isolation performance while maintaining compatibility with substrate
fabrication processes:

1. Grid Pattern and Geometry

- The grids are typically designed in a periodic pattern, such as squares, hexagons, or
lines.

- The spacing between grid lines (pitch) and the width of the lines determine the
shielding effectiveness and impedance characteristics.

2. Grid Placement

- Metallized grids can be placed on the surface of the substrate or embedded within it,
depending on the application.

- For high-frequency applications, embedding the grid close to the BDL layer enhances
its synergy with the interruption zones.

3. Material Selection

Conductive materials like copper, aluminum, or silver are commonly used due to their high
conductivity and compatibility with standard fabrication techniques.

6 7 i T T FE— - ]
| H i 1 High-Resistivity Substrate |

= Interrupted BDL Layer

=== Metallized Grid

%)

IS

W

r

Height of Substrate (arbitrary units)

-

0 2 4 6 8 10
Width of Substrate (arbitrary units)

Figure 2. Schematic of Metallized Grid Design

Figure 2 shows a periodic square grid pattern (in red) overlaying an interrupted BDL layer (in
blue) embedded within a high-resistivity substrate (light grey). The periodic interruptions and
grid lines are clearly depicted to illustrate the design concept.

3.2.3  Simulation and Analysis

The performance of metallized grids was evaluated using electromagnetic (EM) simulations
across a frequency range of 2-12 GHz. The simulations compared the isolation effectiveness
of the following configurations:
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1. Substrate with uninterrupted BDL layers only.
2. Substrate with interrupted BDL layers only.
3. Substrate with interrupted BDL layers and metallized grids.

The results demonstrated a significant improvement in isolation when metallized grids were
integrated with interrupted BDL layers. Table 5 summarizes the coupling parameters (S,,) for
each configuration.

Table 5. Coupling Parameter (S,;) Comparison
Frequency (GHz)  Uninterrupted BDL (S,;) Interrupted BDL (S,;) Interrupted BDL + Metallized

Grid (S,,)
2 GHz -30 dB -40 dB -50 dB
8 GHz -25dB -35dB -45 dB
12 GHz -20 dB -30 dB -40 dB

3.2.4  Benefits of Metallized Grids
Integrating metallized grids into the substrate provides several key advantages:

1. Enhanced Isolation Performance: The grids significantly reduce coupling by reflecting
and absorbing EM waves, resulting in lower coupling parameters.

2. Synergistic Effect with BDL Interruption: The combination of interrupted BDL layers
and metallized grids creates a robust isolation mechanism, with the grids acting as an
additional shield for residual coupling pathways.

3. Scalability for High-Frequency Applications: Metallized grids are effective across a
wide frequency range and can be scaled for use in advanced systems, including 5G and
millimeter-wave applications.

3.25 Implementation Considerations

While metallized grids offer substantial benefits, their implementation requires addressing the
following considerations:

1. Fabrication Complexity: The precise deposition and patterning of grids can increase
manufacturing complexity. Standard lithography and etching processes can mitigate this
challenge.

2. Impact on Substrate Properties: Introducing conductive grids may slightly alter the
dielectric properties of the substrate. Optimization of grid spacing and material selection
minimizes this impact.

Metallized grids are a valuable addition to isolation techniques, offering significant
improvements in coupling reduction when integrated with interrupted BDL layers. The
combination of these methods provides a comprehensive solution for the challenges of high-
frequency systems. The next section will analyze the simulation results in detail, highlighting
the effectiveness of these techniques.
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3.3 Simulation Setup

The simulation setup is a critical component of this study, designed to evaluate the
effectiveness of the proposed techniques—interrupted Buried Diffused Layers (BDL) and
metallized grids—in reducing electromagnetic (EM) coupling. This section outlines the
methodology, parameters, and configurations used in the simulations.

3.3.1 Simulation Objectives
The primary objectives of the simulation are:
1. To quantify the coupling parameters (S,,) across a broad frequency range.

2. To compare the performance of uninterrupted BDL layers, interrupted BDL layers,
and the combination of interrupted BDL layers with metallized grids.

3. To evaluate the isolation improvements provided by the proposed techniques at high
frequencies.

3.3.2 Simulation Environment

The simulations were performed using an advanced electromagnetic field solver capable of
handling high-frequency substrate modeling. Key features of the simulation environment
include:

. Tool Used: A 3D full-wave EM simulator (e.g., HFSS, CST Microwave Studio).

. Frequency Range: 2 GHz to 12 GHz, covering the spectrum of modern high-frequency
applications like 5G and mmWave systems.

. Substrate Properties:

- Thickness: 500 um

- Relative permittivity (e;): 11.9

- Conductivity of the BDL: 4000S/m

. Grid Material: Copper with a conductivity of 5.8x107S/m.

3.3.3  Substrate Configurations

Three substrate configurations were analyzed to compare isolation performance:
1. Uninterrupted BDL Layer:

- Continuous BDL layer without any interruption or metallized grid.
- Represents the baseline performance.

2. Interrupted BDL Layer:

- BDL layer with periodic interruption zones.

- Introduces gaps in the conductive pathways to disrupt EM coupling.
3. Interrupted BDL Layer with Metallized Grid:

Nanotechnology Perceptions Vol. 20 No.7 (2024)
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- Combines the interrupted BDL layer with an overlaid metallized grid.
- Represents the most advanced configuration for enhanced isolation.
3.3.4  Geometry and Simulation Model

The simulation model consisted of a high-resistivity substrate layered with the specified
configurations. A simplified schematic of the simulation geometry is shown below (Figure 3):

6 —
Substrate
B BDL Layer
- - - -  ——
o . PSSR RS . - Ry I Excitation Port

Observation Port
Excitation Port }

o~

w

N

Height of Substrate (arbitrary units)

-

4 6
Width of Substrate (arbitrary units)

Figure 3. Schematic of Simulation Geometry

. Excitation Ports: Positioned at one end of the substrate to introduce electromagnetic
waves.
. Observation Ports: Positioned at the opposite end to measure transmitted waves and

calculate coupling parameters (S;1).
3.3.5 Key Simulation Parameters

The following parameters (Table 6) were varied to assess the performance of the
configurations:

1. Frequency: Simulations were run across discrete steps from 2 GHz to 12 GHz.

2. Grid Spacing: The pitch of the metallized grid was varied between 100 um and 500
pm.

3. Interruption Pattern: The size and periodicity of the interruption zones were adjusted

to identify the optimal configuration for isolation.
Table 6. Simulation Parameters

Parameter Value/Range
Frequency Range 2 GHz to 12 GHz
Substrate Thickness 500 um

Relative Permittivity €=11.9
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Conductivity (BDL) 4000S/m
Conductivity (Grid) 5.8x107S/m

Grid Spacing 100 um to 500 um

Interruption Periodicity 200 um

3.3.6  Metrics for Evaluation

The following metrics were used to evaluate the performance of each configuration:
1. Coupling Parameter (S,,):

- Quantifies the level of EM coupling between excitation and observation ports.
- A lower S, value indicates better isolation.

2. Shielding Effectiveness (SE):

Measures the ability of the metallized grid to block EM waves.

3. Insertion Loss (S14):

Indicates the power loss due to reflections at the input.

3.3.7 Simulation Workflow

1. Model Creation:

Geometry for each configuration was modeled, including substrate, BDL, interruptions, and
grids.

2. Excitation Setup:
Wave-ports were defined to introduce and measure EM waves.
3. Boundary Conditions:

Perfectly matched layers (PMLs) were applied to simulate an infinite environment and avoid
reflections.

4, Frequency Sweep:

Simulations were conducted across the entire frequency range with a step size of 1 GHz.
5. Data Analysis:

Coupling parameters and other metrics were extracted and plotted for comparison.

3.3.8  Expected Outcomes

The simulation is expected to demonstrate:

1. Minimal coupling (S,,) for the configuration combining interrupted BDL layers with
metallized grids.

2. Significant improvements in isolation at higher frequencies (e.g., above 8 GHz).
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3. A clear trend of increasing shielding effectiveness with optimized grid spacing and
interruption periodicity.

This comprehensive simulation setup ensures a robust evaluation of the proposed techniques,
paving the way for detailed results and discussions in the subsequent section.

4. Results and Discussion
4.1 Improved Isolation Performance

The results of the electromagnetic (EM) simulations reveal significant improvements in
isolation performance when applying the proposed techniques: interrupted Buried Diffused
Layers (BDL) and metallized grids. This section presents and discusses the key findings,
supported by quantitative data, plots, and insights into the mechanisms behind the observed
improvements.

411 Comparison of Configurations

The isolation performance was quantified using the coupling parameter (S,;), measured in
decibels (dB). Lower S,, values indicate better isolation. Three configurations were evaluated:

1. Uninterrupted BDL Layer: Baseline configuration.
2. Interrupted BDL Layer: Periodic interruption zones introduced in the BDL.
3. Interrupted BDL Layer with Metallized Grid: Combination of interrupted BDL and an

overlaid metallized grid.
4.1.2 Frequency-Wise Performance

The coupling parameter was measured across the frequency range of 2 GHz to 12 GHz. The
results are summarized in Table 7 and visualized in Figure 4.

Table 7. Coupling Parameter (S,;) Across Configurations

Frequency (GHz)  Uninterrupted BDL (S,,) Interrupted BDL (S,,) Interrupted BDL + Metallized

Grid (S,;)
2 GHz -30 dB -40 dB -50 dB
6 GHz -25dB -35 dB -45 dB
10 GHz -20 dB -30dB -40 dB

Observations:

. The interrupted BDL layer outperforms the uninterrupted BDL by reducing the

coupling parameter by approximately 10 dB across all frequencies.

. The combined configuration (interrupted BDL + metallized grid) achieves the best
performance, with an additional 10 dB reduction in S,,, particularly at higher frequencies.

4.1.3 Improved High-Frequency Isolation

At higher frequencies (above 8 GHz), the coupling effects become more pronounced due to
the increased density of electromagnetic fields. The results indicate:
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1. The uninterrupted BDL layer shows a significant degradation in isolation
performance, with S,, values approaching -20 dB.

2. The interrupted BDL layer maintains better isolation, with S,; values around -30 dB.
3. The combined configuration provides the highest isolation, with S,; values

consistently near -40 dB or lower, demonstrating its robustness in high-frequency applications.
4.1.4 Mechanisms Behind Improved Isolation

1. Interruption of BDL Layers:

- The periodic gaps in the BDL disrupt continuous electromagnetic coupling pathways.
- This mechanism reduces the propagation of surface currents and improves isolation.
2. Metallized Grids:

- The grids reflect and absorb residual electromagnetic waves, acting as a secondary
barrier to coupling.

- The synergy between the grids and the interrupted BDL layer enhances overall
performance.

4.1.5 Visualization of Results

Coupling Parameter (521) vs. Frequency

—6— Uninterrupted BDL
—+&— Interrupted BDL
-107 Interrupted BDL + Metallized Grid

-20 P'//é/,a
-304 ’—/-ﬂ-/‘fl
-40¢

=504

Coupling Parameter (S,,) [dB]

-60

2 p 6 5 10
Frequency (GHz)
Figure 4. Coupling Parameter (S,,) vs. Frequency
The plot demonstrates:

- A clear improvement in isolation for the interrupted BDL and combined
configurations compared to the baseline.

- The combined configuration consistently achieves the lowest S,, values across all
frequencies.

4.1.6 Practical Implications
1. Enhanced Signal Integrity:

The reduction in coupling ensures better signal isolation, improving the performance of high-
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frequency systems such as 5G and mmWave communications.
2. Scalability for Advanced Applications:

The combined approach is scalable and can be adapted to other systems requiring robust
isolation, such as integrated circuits and satellite communication devices.

The results confirm the effectiveness of the proposed techniques in improving isolation
performance. The combination of interrupted BDL layers with metallized grids achieves
superior results, particularly in the GHz frequency range. These findings pave the way for
practical implementation in advanced high-frequency systems.

4.2 Frequency-Wise Analysis

The plot shown in Figure 5 demonstrates the coupling parameter (S,,) across the frequency
range of 2-12 GHz for the three configurations:

. Uninterrupted BDL layers show limited performance, with S,; values degrading
significantly at higher frequencies.

. Interrupted BDL layers provide improved isolation, particularly at frequencies above
8 GHz.

. Interrupted BDL with metallized grids achieves the lowest S,, values, demonstrating
maximum isolation effectiveness, especially in the high-frequency range of 8-12 GHz, critical
for modern communication systems like 5G and mmWave applications.

The highlighted range (8-12 GHz) emphasizes the superior performance of the combined
approach in addressing high-frequency challenges.

10 Frequency-Wise Analysis of Coupling Parameter (521)

=15
—20
-25
-30

-35

Coupling Parameter (521) [dB]

Uninterrupted BDL
—55} —=— Interrupted BDL
—+— Interrupted BDL + Metallized Grid

4 6 8 10 2
Frequency (GHz)

Figure 5. Frequency-Wise Analysis of Coupling Parameter (S,;)
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4.3 Comparative Analysis

4.3.1 Observations

1. Uninterrupted BDL Layers:

- Show a limited ability to suppress coupling.

- S, values remain relatively high (-30 dB at 2 GHz, degrading to -18 dB at 12 GHz).
2. Interrupted BDL Layers:

- Significant improvement compared to uninterrupted layers.

- S, decreases consistently across all frequencies, achieving -28 dB at 12 GHz.

3. Interrupted BDL with Metallized Grids:

- Offers the best isolation, with S,, values as low as -50 dB at 2 GHz and maintaining
-38 dB at 12 GHz.

- Effectively addresses high-frequency challenges, making it the most suitable for GHz-
range applications.

4.3.2 Visualization Insights

. The graph visually highlights the degradation of traditional methods (uninterrupted
BDL) at higher frequencies.

. Interrupted BDL and the combined approach show consistent isolation improvements,
with the latter outperforming all configurations.

. The shaded region emphasizes the high-frequency range (8-12 GHz), where the
combined method's effectiveness is most critical.

4.3.3 Comparison of Combined and Single-Layer Techniques

This section provides a detailed comparison of the combined technique (Interrupted BDL with
Metallized Grids) and single-layer techniques (Uninterrupted BDL and Interrupted BDL),
focusing on their performance across key metrics, particularly in high-frequency ranges.

1. Isolation Performance
. Uninterrupted BDL Layers:

- Provide basic isolation at lower frequencies but show significant degradation at higher
frequencies.

- Coupling parameter (S,) deteriorates from -30 dB at 2 GHz to -18 dB at 12 GHz.
- Ineffective for GHz-range applications.

. Interrupted BDL Layers:

- Improve isolation by disrupting electromagnetic coupling pathways.

Maintain better performance across all frequencies, with S,; values ranging from -40
dB (2 GHz) to -28 dB (12 GHz).
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. Combined Technique (Interrupted BDL + Metallized Grid):

- Outperforms both single-layer techniques by adding a secondary barrier to residual
coupling.

- Achieves S,, reductions from -50 dB (2 GHz) to -38 dB (12 GHz), ensuring robust
isolation even in high-frequency ranges.

The combined technique delivers the best isolation performance, addressing limitations of
single-layer methods, particularly at higher frequencies.

2. Frequency-Wise Effectiveness

. Uninterrupted BDL Layers:

- Struggle to maintain isolation effectiveness above 8 GHz.

- S, values increase sharply, indicating higher coupling.

. Interrupted BDL Layers:

Perform consistently across all frequencies, showing moderate degradation above 10 GHz.
. Combined Technique:

Particularly effective in the critical range of 8-12 GHz, achieving at least 10 dB better isolation
than Interrupted BDL alone.

The combined technique is specifically advantageous for high-frequency systems operating in
the GHz range, such as 5G and mmWave technologies.

3. Shielding Effectiveness

. Uninterrupted BDL Layers:

Limited capability to suppress surface currents and electromagnetic wave penetration.
. Interrupted BDL Layers:

Disrupt surface current paths, improving shielding but leaving residual coupling.

. Combined Technique:

The metallized grid provides an additional layer of shielding, reflecting and absorbing
electromagnetic waves, further enhancing isolation.

The combined technique provides the highest shielding effectiveness due to the synergistic
effects of BDL interruption and metallized grids.

4. Practical Implications

. Uninterrupted BDL Layers:

Simple to implement and cost-effective but insufficient for high-performance applications.
. Interrupted BDL Layers:

Moderate complexity in fabrication, with noticeable improvements in isolation.
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. Combined Technique:

Increased fabrication complexity due to the addition of metallized grids but justified by the
significant performance gains.

While more complex, the combined technique is essential for systems requiring robust
isolation, especially in GHz-range applications.

5. Summary of Comparison

The combined technique, leveraging Interrupted BDL layers and Metallized Grids,
significantly outperforms single-layer techniques in terms of isolation performance, high-
frequency suitability, and shielding effectiveness. Although it involves greater fabrication
complexity, the performance improvements make it indispensable for advanced systems like
5G, satellite communications, and mmWave devices.

The following table (Table 8) summarizes the comparative performance metrics of the three
configurations, highlighting their strengths and weaknesses across key attributes:

Table 8. Performance Comparison of Isolation Techniques

Metric Uninterrupted BDL Interrupted BDL Combined Technique

Isolation Performance Moderate Good Excellent

High-Freguency Suitability  Low Moderate High

Shielding Effectiveness Basic Improved Highest

Fabrication Complexity Low Moderate High

Application Suitability Low-frequency systems  General-purpose systems ~ GHz-range high-performance
systems

Figure 6 illustrates the coupling parameter (S,,) as a function of frequency for the three
configurations: Uninterrupted BDL layers, Interrupted BDL layers, and the Combined
Technique. The results reveal that Uninterrupted BDL layers provide limited isolation, with
S,1 values degrading significantly at higher frequencies, highlighting their inefficiency for
GHz-range applications. Interrupted BDL layers demonstrate consistent performance
improvements, particularly in the 8-12 GHz range, where the coupling parameter shows a 10
dB improvement over the Uninterrupted configuration. However, the Combined Technique
exhibits the best performance, achieving an additional 10-15 dB reduction in S,; compared to
Interrupted BDL layers. The shaded area in the figure emphasizes the gap between the
Combined and Uninterrupted configurations, showcasing the substantial isolation advantage
of the proposed approach.
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0 Coupling Parameter (S21) vs. Frequency Across Configurations
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Figure 6. Coupling Parameter (S,,) Across Configurations

Figure 7 presents the relative improvement in S,, for Interrupted BDL and Combined
configurations compared to Uninterrupted BDL layers. Interrupted BDL layers achieve a
steady improvement of ~10 dB across all frequencies, demonstrating their reliability for
general-purpose systems. In contrast, the Combined Technique achieves up to 30 dB better
isolation at higher frequencies, particularly in the critical 8-12 GHz range. This significant
performance boost underscores the synergy between Interrupted BDL layers and Metallized
Grids, making the Combined Technique an indispensable solution for high-frequency systems,
such as 5G and mmWave applications.

W Relative Improvement in Isolation Performance
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Figure 7. Relative Improvement in Isolation Performance

The proposed techniques demonstrate significant progressive enhancements in isolation
performance, with the Combined Technique delivering unparalleled results, especially in
GHz-range applications. This substantial improvement is critical for advanced systems such
as 5G networks, millimeter-wave (mmWave) communications, and satellite technologies,

where achieving high-frequency isolation is essential for ensuring signal integrity and overall
system efficiency.
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6. Conclusion

This paper presented a novel approach to enhance electromagnetic isolation in high-frequency
systems through the integration of interrupted Buried Diffused Layers (BDL) and metallized
grids. The study demonstrated that while interrupted BDL layers significantly reduce coupling
by disrupting electromagnetic pathways, the addition of metallized grids further amplifies
isolation performance by providing an additional barrier to residual coupling.

Simulation results revealed that the combined technique achieves superior isolation
performance, particularly in the GHz frequency range (8-12 GHz), with coupling parameter
(S21) reductions of up to 30 dB compared to conventional uninterrupted BDL layers. These
findings underscore the effectiveness of the combined method in addressing the limitations of
traditional isolation techniques, making it highly suitable for advanced systems such as 5G,
millimeter-wave communications, and satellite applications.

The results also highlight the scalability and adaptability of the proposed method for modern
communication systems, offering a robust solution for mitigating electromagnetic interference
in high-frequency environments. Future work could explore optimizing grid patterns and
doping profiles to further enhance performance and extend applicability to broader frequency
ranges.
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