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Foreword
Special Issue on ,,New Simulation Methodologies for
Next-Generation TCAD Tools”

Technology Computer Aided Design (TCAD) is an integral part of the development process of
semiconductor technologies and devices, a field which has become increasingly complex and
heterogeneous. Processing of integrated circuits requires nowadays over 400 process steps, and
the resulting devices often have an intricate 3D structure and contain various specifically
designed materials. The full device behavior can only be understood by considering effects on
all length scales from atomistic (material properties, interfaces, defects etc.), to nanometric
(quantum confinement, non-bulk properties, tunneling, ballistic transport etc.), to full chip
dimensions (strain, heat transport etc.), and time scales from femtoseconds to seconds.
Voltages, currents, and charges have been scaled to such low levels that statistical effects and
process variations have a strong impact. Devices based on new materials (e.g., 2D crystals) and
physical principles (ferroelectrics, magnetic materials, qubits etc.) challenge standard TCAD
approaches. While the simulation methods developed by the physics community can describe
the basic device behavior, they often lack important simulation capabilities like, for example,
transient simulations or integration with other TCAD tools, and are often too slow for daily use.
Due to the complexity of semiconductor technology, it becomes more and more difficult to
assess the impact of a change in processing or device structure on circuit performance by
looking at a single aspect of an isolated device under idealized conditions. Instead, a TCAD
tool chain is required that can handle realistic device structures embedded in a chip
environment. New methodologies are required for all aspects of TCAD to ensure an efficient
tool chain covering from atomistic effects to circuit behavior based on flexible simulation
models that can handle new materials, device principles and the ensuing large-scale
simulations. This special issue addresses these problems and includes six invited and 18
regular papers.

In the first invited paper M. Stettler et al. review the application of the TCAD tool chain to
process and device development in a major semiconductor company. The tool hierarchy
starts at the atomistic level with quantum mechanical simulations for material design, and
ends at the chip level for which, for example, the operating temperature is calculated to
estimate device degradation. It is shown how the simulation programs of the different levels
are linked to obtain short turn-around-times as well as reliable results.

E. M. Bazizi et al. discuss in their invited paper the development of a material-to-system co-
optimization platform at a major equipment manufacturer aimed at maximizing the chip
performance, and at minimizing the occupied area and power consumption at the same
time. At the system, level even the impact of algorithms, software and applications can be
considered to select the best technology and devices.

In the third invited paper by C. Jeong et al. the application of machine learning to the TCAD
tool chain at a major semiconductor manufacturer is discussed, and it is shown that the
combination of artificial intelligence and TCAD enables large-scale and high-throughput
simulations not possible before. For example, tunneling can be described by a simpler but
more CPU-efficient and robust model based on machine learning, where a part of the
physics-based model is replaced by a neural network.



A. Afzalian et al. describe in the fourth invited paper the development of an advanced DFT-
NEGF simulator for MOSFETs based on 2D materials in which the error-prone step of
matching simpler Hamiltonians to the ab initio methods is avoided. With this fundamental
tool, standing at the basis of the TCAD tool chain, they explore novel materials and device
concepts.

In the fifth invited paper by G. Eneman et al., TCAD is utilized to investigate the dependence
of the mechanical stress in SiGe nanowires on the layout and quality of the epitaxial
source/drain stressors based on simulations that are modeled according to the process flow
developed by a major research institution.

In the sixth invited paper L. Codecasa et al. show how to exploit CPU-efficient algorithms to
derive from a 3D thermal simulation, that covers length scales differing by many orders of
magnitude, the structure function of a high-speed SiGe HBT required for generating a
thermal compact model that can be used to explore the impact of self-heating at the circuit
level.

Christoph Jungemann, Guest Editor-in-Chief
RWTH Aachen University
Aachen, Germany

Fabrizio Bonani, Guest Editor
Politecnico di Torino
Torino, Italy

Stephen Cea, Guest Editor
Intel Corp.
Hillsboro, OR, USA

Elena Gnani, Guest Editor
University of Bologna
Bologna, Italy

Sung-Min Hong, Guest Editor
GIST
Gwangju, Republic of Korea

Seonghoon lJin, Guest Editor
Samsung
USA

Xiaoyan Liu, Guest Editor
Peking University
Beijing, China

Victor Moroz, Guest Editor
Synopsys



USA
Anne Verhulst, Guest Editor

imec
Leuven, Belgium

Table of Contents
1. Industrial TCAD: modeling atoms to chips

2. Materials to Systems Co-optimization Platform for Rapid Technology
Development Targeting Future Generation CMOS Nodes

3. Bridging TCAD and AlI: Its Application to Semiconductor Design
4. Advanced DFT-NEGF transport techniques for novel 2D-material and device
exploration including HfS2 /WSe?2 van-der-Waals Heterojunction TFET and

WTe2/WS2 metal/semiconductor contact

5. Stress in Silicon-Germanium Nanowires: Layout Dependence and Imperfect
Source/Drain Epitaxial Stressors

6. Accurate and Efficient Algorithm for Computing Structure Functions from the
Spatial Distribution of Thermal Properties in Electronic Devices

7. Fundamental Aspects of Semiconductor Device Modeling Associated with
Discrete Impurities: Monte Carlo Simulation Scheme

8. Nano Device Simulator - a Practical Subband-BTE Solver for Path-Finding and
DTCO

9. A Godunov-type Stabilization scheme for Large-Signal Simulations of a THz
Nanowire Transistor based on the Boltzmann Equation

10. Element Edge Based Discretization for TCAD Device Simulation

11. A Hybrid Streamline Upwind Finite Volume-Finite Element Method for
Semiconductor Continuity Equations

12. Parallel Velocity Extension for Level-Set Based Material Flow on Hierarchical
Meshes in Process TCAD

13. Novel TCAD approach for the investigation of charge transport in thick
amorphous SiO<sub>2</sub> insulators

14. Modeling Process and Device Behavior of Josephson Junctions in Superconductor
Electronics with TCAD



15. A Multi-scale Simulation Framework for Steep-Slope Si Nanowire Cold Source
FET

16. Efficient TCAD thermal analysis of semiconductor devices
17. Study of InxGal-xN/GaN Homotype Heterojunction IMPATT Diodes

18. Multi-Objective Design of 2D-Material-Based Field-Effect Transistors with
Machine Learning Methods

19. Acceleration of Semiconductor Device Simulation with Approximate Solutions
Predicted by Trained Neural Networks

20. Machine Learning Aided Device Simulation of Work Function Fluctuation for
Multichannel Gate-All-Around Silicon Nanosheet MOSFETSs

21. TCAD-Augmented Machine Learning with and without Domain Expertise

22.2D Quantum Confined Threshold Voltage Shift Model for Asymmetric Short
Channel Junctionless Quadruple-gate FETs

23. Exploiting High-Density Earth-Abundant Kesterite Quantum Wells for Next-
Generation PV Technology

24. Electrical, Optical and Reliability Analysis of QD Embedded Kesterite Solar Cell

Cover art:

quantdm effects/ ~
material properties 3D process/
< layout effects

process chemistry

If
device performance parasitics

defects

atomic angstroms nanometers microns millimeters

The figure exemplifies the multi-scale and multi-physics aspects of modern TCAD, which
must cover the range from atom to chip and be able to describe electron and heat
transport in novel materials and devices.



