
Unlocking the Secrets: Characterization And
Modeling Of Device Architecture Material And
Process Impact

As technology advances, the need for better understanding and control over
materials and processes used in device architecture becomes paramount.
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Characterization and modeling of these factors play a crucial role in achieving
optimal device performance. In this article, we explore the fascinating world of
device architecture and delve into the impact of materials and processes on its
characteristics.

What is Device Architecture?

Device architecture refers to the physical arrangement of various components
within an electronic device. It encompasses the layout, structure, and design of
these components, which collectively determine the device's functionality,
efficiency, and reliability. Understanding the intricate details of device architecture
is essential to optimize its performance.
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The Role of Characterization

Characterization involves the systematic study and analysis of materials and
processes used in device architecture. It aims to uncover the underlying
properties, structures, and behavior of these components. With an array of
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characterization techniques available, such as spectroscopy, microscopy, and
electrical testing, researchers can examine and quantify various parameters that
influence device performance.

One of the primary goals of characterization is to identify material defects,
impurities, or inconsistencies that could potentially hinder device performance. By
understanding the impact of these factors, device manufacturers can refine their
processes and enhance the quality and reliability of their products.

The Importance of Modeling

Modeling complements characterization by providing a theoretical framework to
explain and predict the behavior of device components. By establishing
mathematical models based on physical principles, researchers can simulate and
explore different scenarios without needing to physically construct each iteration.

Modern modeling techniques, such as finite element analysis (FEA) and
computational fluid dynamics (CFD), enable researchers to study the impact of
various material properties and structural parameters on device performance.
These models facilitate decision-making by providing insights into potential
improvements and allowing for optimization of device architecture.

Material and Process Impact

The choice of materials and processes has a profound influence on both the
structural and electrical characteristics of device architecture. Different materials
possess unique properties that directly affect device performance, such as
conductivity, resistivity, and thermal stability.

Manufacturing processes, on the other hand, determine the quality, reliability, and
scalability of device production. Variations in process parameters can introduce



defects, alter material properties, or impact the overall device structure.
Therefore, understanding the impact of different materials and processes is
crucial for achieving consistent device performance.

Optimizing Device Architecture

Characterization and modeling provide valuable insights into enhancing device
architecture. By carefully analyzing the results of material and process
characterization, researchers can identify areas for improvement and refine the
selection of materials and processes.

The information obtained through modeling experiments allows for iterative
design enhancements. Researchers can simulate various scenarios by modifying
material properties, structural parameters, or process variables to determine their
impact on device performance. This iterative process enables optimization of
device architecture towards specific requirements, such as increased efficiency,
reduced power consumption, or improved durability.

Characterization and modeling of device architecture material and process impact
are essential components of technological advancement. By understanding the
behavior of materials and processes used in device fabrication, researchers can
optimize device performance and reliability. Through continuous refinement, it is
possible to achieve breakthroughs in electronic devices that are more efficient,
robust, and technologically superior.

So, the next time you hold your favorite electronic device, remember the intricate
characterization and modeling that went into creating its incredible architecture!
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This book covers advances in Negative Bias Temperature Instability (NBTI) and
will prove useful to researchers and professionals in the semiconductor devices
areas. NBTI continues to remain as an important reliability issue for CMOS
transistors and circuits. Development of NBTI resilient technology relies on
utilizing suitable stress conditions, artifact free measurements and accurate
physics-based models for the reliable determination of degradation at end-of-life,
as well as understanding the process, material and device architectural impacts.
This book discusses: 

Ultra-fast measurements and modelling of parametric drift due to NBTI in
different transistor architectures: planar bulk and FDSOI p-MOSFETs, p-
FinFETs and GAA-SNS p-FETs, with Silicon and Silicon Germanium
channels. 
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TI Analysis Tool (BAT), a comprehensive physics-based framework, to model the
measured time kinetics of parametric drift during and after DC and AC stress, at
different stress and recovery biases and temperature, as well as pulse duty cycle
and frequency. The Reaction Diffusion (RD) model is used for generated interface
traps, Transient Trap Occupancy Model (TTOM) for charge occupancy of the
generated interface traps and their contribution, Activated Barrier Double Well
Thermionic (ABDWT) model for hole trapping in pre-existing bulk gate insulator
traps, and Reaction Diffusion Drift (RDD) model for bulk trap generation in the
BAT framework; NBTI parametric drift is due to uncorrelated contributions from
the trap generation (interface, bulk) and trapping processes. 

Analysis and modelling of Nitrogen incorporation into the gate insulator,
Germanium incorporation into the channel, and mechanical stress effects
due to changes in the transistor layout or device dimensions; similarities and
differences of (100) surface dominated planar and GAA MOSFETs and (110)
sidewall dominated FinFETs are analysed.
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