Leveraging Fused Silica and Quartz in Heterogeneous Integration for
Enhanced Cost Reduction, Yield Improvement, and Performance
Optimization in RF Applications, Data Center Computing, Artificial
Intelligence, and Similar End Uses
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Abstract

Heterogeneous integration, characterized by the integration of diverse dies positioned closely within the
same package, has emerged as a transformative approach to address the escalating demands for cost-
effective, high-performance solutions in RF applications, data center computing, artificial intelligence
(Al), and related domains. This white paper investigates the pivotal role of fused silica and quartz in
enabling heterogeneous integration, elucidating their unique properties and applications in enhancing
cost reduction, yield improvement, and the delivery of required performance levels in these critical end
uses.

Introduction

The convergence of RF applications, data center computing, and artificial intelligence (Al) has led to an
unprecedented demand for high-performance systems capable of delivering superior performance,
efficiency, and scalability. Heterogeneous integration, which involves the integration of diverse dies with
varying functionalities within a single package, offers a compelling solution to meet these demands.
Fused silica and quartz, renowned for their exceptional properties such as high thermal stability, low
coefficient of thermal expansion (CTE), excellent RF transparency, and superior mechanical properties,
play a pivotal role in enabling heterogeneous integration and driving advancements in cost reduction,
yield improvement, and performance optimization in these critical domains.

Traditional Semiconductor Packaging

Traditionally, semiconductors have been packaged using a variety of methods, each tailored to specific
requirements based on factors such as cost, performance, reliability, and application. Some of the
common traditional semiconductor packaging techniques include:

e Dualin-line package (DIP): DIP is one of the earliest and simplest forms of semiconductor
packaging. In this method, the semiconductor chip is mounted on a ceramic or plastic substrate,
and its leads are inserted into holes (pins) on the substrate. The leads are then soldered to the
substrate, providing electrical connections. DIP packages are typically used for through-hole
mounting on circuit boards.

e Quad flat package (QFP): QFP is a surface-mount packaging technique that features a square or
rectangular package with leads extending from all four sides. The semiconductor chip is
mounted onto a substrate, and wire bonds or flip-chip technology is used to connect the chip to
the leads. QFP packages are commonly used for integrated circuits (ICs) with moderate pin
counts.

e Small outline package (SOP): SOP is a surface-mount packaging technique similar to QFP but with
smaller dimensions. SOP packages typically have gull-wing leads that extend from two sides of
the package. They are used for ICs requiring higher pin densities and reduced board space.

e Ball grid array (BGA): BGA is a surface-mount packaging technique where the semiconductor
chip is mounted onto a substrate with an array of solder balls underneath. The solder balls
provide electrical connections between the chip and the circuit board. BGA packages offer high
pin densities, good electrical performance, and mechanical robustness, making them suitable for
high-performance applications.

e Chip-scale package (CSP): CSP is a packaging technique where the semiconductor chip is
mounted directly onto the substrate or package, with the package size similar to or slightly larger

ED2 Corporation // 7636 North Oracle Road, Tucson, AZ 85704 // www.ed2corp.com

© ED2 Corporation. All rights reserved. 2024 2

n
0
bl
T

\



)

m
0
U

than the chip size. CSP packages have minimal external leads and are designed to minimize the
footprint on the circuit board. They are commonly used in portable devices and miniaturized
electronics.

Through-hole technology (THT): In THT packaging, semiconductor components are mounted
onto a circuit board by inserting their leads through holes in the board and soldering them on
the opposite side. THT was widely used before the advent of surface-mount technology (SMT)
and is still used for certain applications requiring robust mechanical connections.

These traditional semiconductor packaging techniques have evolved over time, with advancements in
materials, processes, and technologies leading to improved performance, miniaturization, and cost-
effectiveness.

Heterogeneous Integration

Heterogeneous integration of semiconductor dies and chips refers to the process of combining
components with different functionalities, materials, or technologies within a single package or system.
This approach offers several benefits compared to traditional homogeneous integration methods, such

Enhanced Performance: Heterogeneous integration enables the combination of diverse
semiconductor components, each optimized for specific functions or capabilities. By integrating
specialized components such as processors, memory, sensors, and RF devices, heterogeneous
integration can deliver superior performance, functionality, and efficiency compared to
standalone devices.

Miniaturization and Space Savings: Integrating multiple components into a single package
reduces the overall footprint and size of the electronic system, enabling more compact and
space-efficient designs. This is particularly advantageous in applications where size, weight, and
form-factor are critical considerations, such as mobile devices, wearables, and loT devices.
Improved Power Efficiency: Heterogeneous integration allows for the optimization of power
management and distribution within the system by collocating components with different power
requirements and operating voltages. This can result in more efficient power delivery, reduced
power consumption, and extended battery life in battery-powered devices.

Enhanced System-Level Integration: By integrating diverse components within the same package,
heterogeneous integration simplifies system-level integration and assembly processes. This can
lead to shorter design cycles, faster time-to-market, and lower development costs by reducing
the need for complex interconnection schemes and external components.

Increased Functional Integration: Heterogeneous integration enables the integration of multiple
functions or capabilities within a single package, eliminating the need for separate components
or subsystems. This can streamline system design, reduce component count, and improve overall
system reliability by minimizing interconnects and potential points of failure.

Cost Reduction: Heterogeneous integration can lead to cost savings by reducing the number of
individual components, simplifying assembly processes, and optimizing material usage.
Additionally, the ability to leverage off-the-shelf components and existing manufacturing
infrastructure can further reduce development and production costs.
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Performance Optimization: By selectively integrating components with complementary
characteristics or technologies, heterogeneous integration enables performance optimization for
specific applications or use cases. For example, combining high-speed processors with
specialized accelerators or integrating RF components with sensors can enhance system
performance and functionality.

Scalability and Flexibility: Heterogeneous integration offers scalability and flexibility to
accommodate evolving technology requirements and application needs. New components or
functionalities can be easily integrated into existing systems, allowing for upgrades, expansions,
and customization without the need for extensive redesign or reconfiguration.

Challenges of Heterogeneous Integration in Traditional Packaging
Heterogeneous integration of chiplets, presents several challenges when implemented in traditional
semiconductor packaging. Some of these challenges include:

1.

Interconnect Complexity: Integrating chiplets from different technologies often requires a variety
of interconnect types, such as wire bonding, flip-chip bonding, and through-silicon vias (TSVs).
Managing the complexity of interconnects and ensuring reliable electrical connections between
chiplets can be challenging, especially in packages with high pin counts.

Thermal Management: Heterogeneous integration can lead to variations in power dissipation
and thermal profiles across different chiplets. Managing thermal issues, such as hot spots and
thermal gradients, becomes crucial to ensure the reliability and performance of the integrated
package. Traditional packaging materials and designs may not provide sufficient thermal
dissipation capabilities for heterogeneous integration, necessitating novel thermal management
solutions.

Package Size and Form Factor: Integrating multiple chiplets within a traditional semiconductor
package may result in increased package size and complexity. Balancing the requirements for
miniaturization and functionality poses challenges in terms of optimizing the package size and
form factor while accommodating diverse chiplet sizes and configurations.

Manufacturing Compatibility: Traditional semiconductor packaging processes may not be fully
compatible with heterogeneous integration techniques, such as 3D stacking or interposer-based
integration. Adapting existing manufacturing processes to support heterogeneous integration
may require significant modifications or the adoption of new manufacturing technologies,
adding complexity and cost to the production process.

Signal Integrity and Crosstalk: Combining chiplets with different operating frequencies, signaling
standards, and noise characteristics within a single package can lead to signal integrity issues and
crosstalk. Ensuring signal integrity and minimizing electromagnetic interference (EMI) become
critical challenges in heterogeneous integration, requiring careful design and simulation of signal
paths and power delivery networks.

Reliability and Testing: Integrating chiplets from different sources introduces challenges related
to reliability assurance and testing. Variations in manufacturing processes, materials, and quality
control practices among chiplet suppliers can impact the overall reliability of the integrated
package. Implementing comprehensive testing methodologies and quality assurance measures
becomes essential to mitigate reliability risks and ensure product quality.
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Cost Considerations: Heterogeneous integration may involve additional costs associated with the
procurement, characterization, and integration of diverse chiplets, as well as the development of
specialized packaging technologies and infrastructure. Balancing the performance benefits of
heterogeneous integration against the associated costs poses a challenge in achieving cost-
effective solutions.

Addressing these challenges requires interdisciplinary collaboration among semiconductor
manufacturers, packaging suppliers, design teams, and equipment vendors to develop innovative
packaging technologies, materials, and design methodologies tailored to the requirements of
heterogeneous integration.

Fused Silica and Quartz

Fused silica and quartz exhibit exceptional properties that make them highly suitable for use in
semiconductor packaging and heterogeneous integration applications in RF applications, data center
computing, Al, and related end uses:

1.

High Thermal Stability: Fused silica and quartz possess excellent thermal stability, with low
coefficients of thermal expansion (CTE) that minimize the risk of thermal stress-induced failures
in semiconductor devices and packages. This property is particularly crucial in RF applications,
data center computing, and Al, where devices are subjected to high operating temperatures and
thermal cycling.

RF Transparency: Fused silica and quartz are highly transparent to RF signals across a broad
range of frequencies, making them ideal materials for RF components such as waveguides,
filters, resonators, and antennas. Their low dielectric loss and dispersion characteristics enable
efficient RF signal transmission and reception, enhancing the overall performance and reliability
of RF systems.

Mechanical Properties: Fused silica and quartz exhibit superior mechanical properties, including
high hardness, stiffness, and resistance to wear and abrasion. These properties enable the
fabrication of robust and durable semiconductor packages and RF components capable of
withstanding mechanical stresses and environmental conditions encountered in RF applications,
data center computing, and Al systems.

Applications of Fused Silica and Quartz in Heterogeneous Integration
Fused silica and quartz find diverse applications in heterogeneous integration for RF applications, data
center computing, Al, and related end uses:

1.

Substrate Materials: Fused silica and quartz substrates serve as excellent platforms for mounting
and interconnecting heterogeneous dies within semiconductor packages. Their high thermal
stability, low CTE, and RF transparency ensure reliable RF performance and minimize the risk of
package warpage and stress-induced failures.

Interposer and Interconnect Structures: Fused silica and quartz are used to fabricate interposer
and interconnect structures that facilitate the integration of diverse dies within a single package.
Their excellent thermal, mechanical, and RF properties enable efficient heat dissipation, signal
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transmission, and RF performance optimization, enhancing the overall performance and
reliability of heterogeneous integrated RF systems.

RF Components: Fused silica and quartz are employed in the fabrication of RF components such
as waveguides, filters, resonators, and antennas used in RF applications, data center computing,
Al, and related end uses. Their RF transparency and mechanical properties enable the realization
of high-performance RF systems capable of delivering exceptional RF performance and reliability.

Benefits of Fused Silica and Quartz in Heterogeneous Integration
The utilization of fused silica and quartz in heterogeneous integration offers several key benefits for RF
applications, data center computing, Al, and similar end uses:

1.

Enhanced RF Performance: Fused silica and quartz substrates and interposer structures provide
optimal RF transparency and low RF losses, resulting in enhanced RF performance and reliability
in heterogeneous integrated RF systems. This enables the realization of high-speed, high-
frequency RF applications with minimal signal attenuation and distortion.

Improved Thermal Management: Fused silica and quartz substrates and interposer structures
offer efficient heat dissipation pathways, enabling effective thermal management in
heterogeneous integrated RF systems. This ensures optimal RF device performance and
reliability, even under high operating temperatures and thermal loads.

Cost Reduction and Yield Improvement: The use of fused silica and quartz substrates and
interconnects enables cost-effective and scalable heterogeneous integration solutions in RF
applications, data center computing, Al, and related end uses. Their compatibility with existing
semiconductor manufacturing processes and materials streamlines the integration process,
reducing manufacturing costs and improving yield levels.

Design Flexibility and Scalability: Fused silica and quartz substrates and interposer structures
offer design flexibility and scalability, allowing for the integration of diverse RF dies with varying
functionalities within a single package. This enables the creation of highly customized and
optimized heterogeneous integrated RF systems tailored to specific application requirements
and performance targets.

Challenges
Designing circuits and RF modules with fused silica presents several challenges that need to be

addressed to ensure optimal performance and reliability. Some of these challenges include:

1.

Material Properties: While fused silica offers excellent thermal stability, low dielectric loss, and
high RF transparency, its material properties can also pose challenges in terms of signal
propagation, impedance matching, and electromagnetic interference (EMI) mitigation. Designers
need to carefully consider these properties and optimize circuit layouts and component
placement to minimize signal loss and interference.

Thermal Management: Although fused silica has good thermal conductivity, its thermal
expansion coefficient (CTE) may not match that of other materials used in RF modules, leading to
potential mismatches and reliability issues under thermal cycling conditions. Effective thermal
management strategies, such as incorporating thermal vias, heat sinks, and thermal interface
materials, are necessary to mitigate thermal stresses and ensure long-term reliability.
Mechanical Stability: Fused silica is a brittle material that may be susceptible to mechanical
stress, shock, and vibration during manufacturing, assembly, and operation. Designers need to
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consider the mechanical stability of fused silica components and structures, including substrate
warpage, package cracking, and solder joint reliability, to prevent mechanical failures and ensure
robustness in harsh operating environments.

4. Fabrication Complexity: Fabricating circuits and RF modules with fused silica requires specialized
manufacturing processes, such as laser machining, chemical etching, and precision polishing,
which can be complex and costly. Designers need to work closely with fabrication partners to
optimize process parameters, ensure dimensional accuracy, and minimize defects to achieve
desired performance levels and yield targets.

5. Compatibility with Other Materials: Fused silica may need to be integrated with other materials,
such as metal conductors, dielectric layers, and semiconductor devices, in RF modules and
systems. Ensuring compatibility between fused silica and other materials in terms of thermal
expansion, adhesion, and electrical properties is essential to avoid delamination, interface
degradation, and performance degradation.

6. RF Performance Trade-offs: Designing RF circuits and modules with fused silica involves trade-
offs between RF performance, mechanical robustness, and cost-effectiveness. Optimizing circuit
layouts, transmission line designs, and component configurations to balance these trade-offs is
critical to achieve desired RF performance metrics, such as insertion loss, return loss, and
bandwidth, while meeting cost and reliability requirements.

7. Overall, addressing these challenges requires a multidisciplinary approach that integrates
expertise in materials science, RF engineering, thermal management, mechanical design,
and manufacturing processes to develop robust and high-performance circuits and RF
modules with fused silica.

Conclusion

Fused silica and quartz play a pivotal role in enabling heterogeneous integration for RF applications, data
center computing, Al, and related end uses. Their exceptional thermal, RF, and mechanical properties,
combined with their compatibility with semiconductor manufacturing processes, make them
indispensable materials for fabricating substrates, interposer structures, and RF components in
heterogeneous integrated systems. By leveraging the unique properties of fused silica and quartz,
semiconductor manufacturers, system integrators, and end-users can realize significant advancements in
cost reduction, yield improvement, and performance optimization, thereby unlocking new opportunities
for innovation and competitiveness in the rapidly evolving landscape of RF applications, data center
computing, Al, and beyond.

ED2 Corporation is an emerging technology company, based in the United States, comprised of a variety
of Engineers with a long history of building high-frequency RF applications into satellite, defense,
telecom, and high-performance compute applications.
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