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Abstract—We have developed a unified framework for
chemical vapor deposition (CVD) simulation that enables the
simultaneous treatment of deposition, etching, and reflow
processes. The framework is based on a lattice Kinetic
Monte Carlo (LKMC) model coupled with a precursor molecule
trajectory tracing algorithm, which accounts for dynamic
changes in the structure’s shape during the epitaxy process and
for local layout effects. Despite the empirical nature of physical
models included in the framework, they can be flexibly
calibrated to reflect various process conditions and materials.
Simulations were used to demonstrate differences in the epitaxy
of semiconductor transistor source/drain regions during the
transition from FinFET technology to advanced gate-all-around
(GAA) transistors.
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Since the advent of non-planar semiconductor Logic
devices with the introduction of FinFET technology and,
especially, after the transition to GAA Multi Bridge Channel
(MBCFET) devices [1], Chemical Vapor Deposition (CVD)
epitaxial growth of Silicon and SiGe structures has become
one of the key factors determining device performance and
yield.

INTRODUCTION

Conventional continuum models, which rely on
reaction-diffusion equations [2] or the level-set method to
simulate epitaxial surface evolution [3], are inadequate for
capturing the atomistic events that dominate nanoscale
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epitaxy: precursor molecule decomposition, surface step
propagation, local facet dependent kinetics, etc. Fully
atomistic Molecular Dynamics (MD) simulations can
accurately predict atomic interactions, but can cover time
scales in the nanosecond range, far shorter than typical epitaxy
times (seconds and longer). This huge scale gap can be
bridged by methods like Lattice Kinetic Monte Carlo
(LKMC), which, by forfeiting explicit treatment of lattice
vibrations and by employing empirical assumptions about
surface reaction kinetics, can simulate real process time scales
while keeping track of the growing surface morphology at the
atomic scale [4].

One of the advantages of the CVD process is the
possibility of an in-chamber transition from epitaxy to the
etching process, depending on the relative flux rates of silicon
precursors, etchant gas (typically HCl) and carrier gas
(typically H»). This provides an opportunity to use cyclic
processes, when deposition and etch steps are interleaved to
generate uniform and high quality epitaxy layers of the desired
shape. Therefore a model developed for epitaxy simulation
should seamlessly include the etching process.

Another important factor from the technological point of
view is the reflow process: high temperature annealing of the
surface in a hydrogen atmosphere. While often used for
surface cleaning, this process also leads to significant surface
diffusion and morphological changes. As the reflow process
is often used for initial surface preparation before epitaxy and
can significantly affect the resulting epitaxial structure shape
[5], incorporating a reflow process model into the KMC
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simulation framework is also necessary to build a predictive
and quantitatively accurate epitaxy simulation flow.

II. SIMULATION FRAMEWORK

A. Lattice Kinetic Monte Carlo Model and the Precursor
Molecule Tracing Module

Previously, we developed a framework for lattice KMC
simulation of the epitaxy process taking into account local
bonding to neighboring atoms up to the third-nearest
neighbors in the silicon lattice [6]. To apply this framework to
real transistor structures, we also had to extend it with a model
describing the interaction of deposited particles with non-
silicon materials (mostly amorphous), e.g. oxide spacers,
nitride liners and other elements of semiconductor devices.
Since lattice KMC, by definition, requires predefined lattice
sites, a quasi-lattice approximation was used to model these
non-silicon materials: a virtual silicon lattice is extended into
them, and special energy parameters are defined to describe
the interaction of silicon atoms with virtual atoms of non-
silicon materials. We assume that the interaction is mostly
repulsive, reflecting energy barriers at the silicon-oxide and
silicon-nitride interfaces, and leading to facet formation at the
silicon/non-silicon interface as often observed in experimental
data [7]. Equation (6) from ref. [6] was modified as follows:

Eyp = EyM(ny) + mpERM + g BNV — XL i EG™ (1)

In this equation, n; is the number of i-th nearest silicon
neighbors of a given lattice site, and EZ"N and EZNN are the
binding energy values for next-nearest and next-next-nearest
neighbors, respectively. For the nearest neighbor interaction
E}NN(n,) a non-linear model is used for a binding energy
depending on the number of nearest silicon neighbors (1n,).
Interactions with spacer materials are modeled as repulsive
with a linear dependence on the neighbor count for all
coordination shells. Here, n;” is the number of i-th nearest
neighbors belonging to non-silicon materials and EL"
denotes the corresponding repulsion energy for the respective
i-th nearest neighbor atom (Fig. 1).

Another important improvement of the model is the
inclusion of the non-uniformity of the incoming precursor
flux. Since typical CVD conditions applied in silicon-based
semiconductor technology use relatively low pressure and
temperature ranges, the typical mean free path of precursor
molecules is much larger than the contemporary
semiconductor device or pattern size, leading to a Knudsen
number much greater than 1. Under these conditions, we can
assume that the precursor flux near the surface can be
approximated by molecular flow and therefore we can apply
ray tracing algorithms for particle trajectory calculations
considering only interactions with structure surfaces and
ignoring all gas-phase scattering. The ray tracing module
(KMCRay) employs the Bounding Volume Hierarchy (BVH)
algorithm for extremely fast ray tracing in the continuum
structure and uses Alpha-Wrapping meshing [8] which allows
efficient extraction of the polygonal surface from the atomistic
KMC data. Using particle tracing, local precursor density
statistics in the vicinity of the epitaxial surface are first
accumulated, and then the probabilities of related reactions
(e.g. deposition reactions) are scaled depending on the local
incoming precursor densities. After a thin layer is deposited,
the new surface configuration is extracted, and the procedure
is repeated to update the flux statistics.
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The main advantage of this approach is that highly
efficient parallelization can be used for particle tracing, since
it can be performed simultaneously for a fixed structure.
Furthermore, the flow is compatible with rejection-free KMC
algorithms, such as [9], since at every KMC step all the
scattering statistics are available and fixed. The trade-off is the
potential non-uniformity of the flux due to local “depletion”
of precursor scattering information if the KMCRay update
happens too rarely. We have developed a procedure that
ensures that the statistical information is available and
automatically initiates its update if needed.
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Fig. 1. Example of local bonding for a target lattice site (shown in black)
near the spacer (non-silicon material) region: bonds to nearest silicon
neighbors are shown with blue solid lines and next-nearest silicon neighbors
are shown with dashed blue lines, while repulsive interaction with spacer
material neighbors is shown in red (solid and dashed lines for nearest and
next-nearest neighbors, respectively). Third-nearest neighbors are not shown
for simplicity.

Compared to the conventional homogeneous gas flux
assumption that fails to predict void formation in complex
topographies, our simulation scheme can provide insight into
how local topography affects epitaxial structures.

The combined KMC and KMCRay methodology was
applied to simulate source/drain epitaxy in a simplified
FinFET-like structure (Fig. 2). A wide Fin device (Fig. 2d) in
this case can serve as a representative of a GAA device [10].

a) <) d)

b) cut plane

Fig. 2. a) Simplified layout of the FinFET-like device at the source/drain
epitaxy step; b) Fin recess cavity is shown along with a cut plane in the
middle of growing S/D and a view direction. Intermediate epitaxy stagea
for narrow (c) and wide (d) fins are presented. LKMC model parameters
were calibrated to literature and internal data.

One of the important results of the incorporation of the
precursor distribution into the simulation was the ability to
account for not only transistor-scale non-uniformities of the
epitaxy rate, but also local layout effects, since our algorithm
can perform particle tracing in relatively large structures up to
several micrometers in size. It was shown that the layout
density not only affects the chip-scale growth time [11] but
also contributes to variations in the shape of the epitaxially
grown structure. The simulation results for the epitaxial
growth of the simplified FinFET-like device’s S/D region
including the effects of precursor reactivity are presented in
Fig. 3.
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Due to the increased reactivity of the precursors, the flux
at the top of the structure increases, leading to faster effective
growth. This can lead to premature merging at the top of the
structure and therefore to a defect formation. KMC
simulations with parameters calibrated to specific process
conditions and precursor types allow us to optimize the
epitaxy rate, maximizing throughput while keeping the defect
formation probability relatively low (Fig. 4)

Precursor’s sticking coefficient increased

Precursor
molecules
incoming
rate, a.u.

Fig. 3. Three epitaxial structures during early stages of S/D growth:
normalized incoming precursor rates are shown with color. Relative growth
at the top of the structure increases with the increase of the chemical
reactivities (sticking coefficients) of precursors.
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Fig. 4. Due to the dynamic change of the precuros distribution during
epitaxy, neighboring devices can influence each other’s growth rates and
therefore co-optimization of the process depending on local layout is
necessary.

B. Efficient Reflow Process Model

At first glance, the reflow process can be easily simulated
by adding surface diffusion processes to the LKMC model,
because high-rate surface diffusion naturally leads to a surface
energy minimization. However, within the KMC method, this
approach poses a significant simulation performance issue: as
shown in Fig. 5, diffusion events (1) and (2) would basically
compensate for each other and do not lead to any significant
surface energy changes. This leads to severe simulation
inefficiency due to frequently repeating self-compensating
events, especially when the surface diffusion rate is high. This
is a well-known issue of the KMC method and several
attempts have been made to improve simulation performance
for such systems, for instance, by the introduction of long
range jumps [12].

To achieve real surface energy relaxation, the
redistribution of surface atoms near kinks and steps is needed
(reaction (3) in Fig. 5). To emulate long-range fast diffusion
without jeopardizing the highly efficient local bond-counting
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model we have developed a two-stage reaction: first, an atom
“evaporates” (4) from the surface, transitioning to a virtual
state, and then it is deposited based on the neighbor counting
binding energy of the final site (5). This approach allows us to
retain the efficient rejection-free KMC algorithm (see, e.g.
[13]), while improving the system evolution rate by orders of
magnitude.
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Fig. 5. Reflow simulation illustrating a chain of surface diffusion events
for nearly flat surfaces: reactions (1) and (2) compensate for each other,
leading to negligible surface changes at the expense of two KMC
simulation steps. Only the rare reaction (3) is efficient. Fast surface
diffusion can be mimicked by virtual “desorption” (4) — “adsorption” (5)
reaction pairs simulated as a single KMC step, which are not limited to
close neighbor sites.

An example of a simulation for a structure with
rectangular defects at the sides of a trench is shown in Fig. 6.
The initial continuum input of the KMC simulation (Fig. 6
left) is followed by the views of the central slice of the
structure at the early, intermediate and final stages of the
reflow process. Once the structure reaches an equilibrium
surface shape (defined by the model parameters) it stops
changing after some time (except for atomic noise). To
improve the performance of the simulation in such cases we
have developed a large number of functions that can extract
structure features on-the-fly during the simulation and stop it,
trigger the structure output routines, etc.

Initial dummy Early stage of Later stage of Shape
structure reflow reflow saturation

Fig. 6. Several stages of the reflow process for reduction of side wall
artifacts. Depending on the model parameters, the final shape of the
structure can have a different aspect ratio.

III. EPITAXY FOR NON-PLANAR DEVICES

Effective growth rates for the structures presented in Fig. 2
were analyzed using typical model parameters and epitaxial
process conditions. The growth rate (defined for a complex
geometry structure as the number of atoms deposited per unit
of time) shows complex temporal evolution (Fig. 7) due to
strong faceting during growth. Initially, the wide device shows
a much higher rate due to its large open area and reduced
{111} facet formation, which dominates the early stages of
narrow Fin growth (Fig. 7, point 1).

Spikes in the growth rate (points 2 and 3 for wide and
narrow devices, respectively) are attributed to S/D merging,
which can lead to extremely fast growth, while the final
saturation of the shape (point 4) reflects the formation of a
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{111} facet-dominated diamond structure. Small fluctuations
in the growth rate have several sources: first, they correspond
to an increased deposition rate when steps propagate along the
{111} facets; second, they arise from a suboptimal KMCRay
flux update frequency that leads to a small reduction in the
overall epitaxy rate if the layer grown between updates is too
thick. The latter can be mitigated by more frequent flux
statistics updates.
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Fig. 7. Effective deposition rate for narrow and wide Fin devices. Key
phases of epitaxy are indicated by numbers: 1 — initial stage limited by
{111} faceting, 2, 3 — growth rate spikes during structure sidewalls
merging for wide and narrow fin devices, respectively; 4 — saturated growth
after the formation of a diamond-like shape.
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Fig. 8. Snapshots of the simulation corresponding to points 1, 2, 3, and 4
in Fig. 7. At the early stage of growth, the narrow FinFET device becomes
limited by facets (1) and the overall growth rate is much lower than that of
the wide device. This trend persists until just before the merging of the
sidewalls (2). After merging (3), the growth rate trends converge, as both
are dominated by {111} facets.

IV. CONCLUSIONS

A unified LKMC framework, combined with a
high-efficiency  precursor-molecule  tracing  module,
successfully captures coupled deposition, etching, and reflow
process phenomena in FinFET- and GA A-type structures. The

reflow process, modeled as a two-stage
“evaporation-deposition”  reaction, enables  realistic
surface-energy relaxation without compromising the

rejection-free KMC efficiency.

As the modern semiconductor industry has shifted from
geometric scaling to continuous device architecture
innovation, it is essential to be able to predict and evaluate
epitaxial shapes early in the process development cycle and
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identify potential epitaxy process problems across different
device architectures. The framework we have developed can
pinpoint key differences in epitaxial growth behavior during
the transition from FinFET to advanced GAA devices, thereby
providing  opportunities for the optimization of
next-generation semiconductor nodes. Despite the empirical
nature of KMC models, once basic calibration is performed,
the framework can yield not only qualitative but also
quantitatively accurate results that can guide process recipe
development.

REFERENCES

G. Bae et al., “3nm GAA technology featuring multi-bridge-channel
FET for low power and high performance applications,” in Proc. 2018
IEEE Int. Electron Devices Meeting (IEDM), San Francisco, CA, USA,
2018, pp. 28.7.1-28.7.4, doi: 10.1109/IEDM.2018.8614629

M. Kolahdouz, L. Maresca, R. Ghandi, A. Khatibi, and H. H.
Radamson, “Kinetic model of SiGe selective epitaxial growth using
RPCVD technique,” J. Electrochem. Soc., vol. 158, no. 4, pp. H457—
H464, 2011, doi: 10.1149/1.3548113.

S. Chen et al., “A level set method for thin film epitaxial growth,” J.
Comput. Phys., vol. 167, no. 2, pp. 475-500, 2001, doi:
10.1006/jcph.2000.6689.

N. Zographos, C. Zechner, 1. Martin-Bragado, K. Lee, and Y.-S. Oh,
“Multiscale modeling of doping processes in advanced semiconductor
devices,” Mater. Sci. Semicond. Process., vol. 62, pp. 49—61,2017, doi:
10.1016/j.mssp.2016.10.037.

S. Chopra et al., “Epitaxial growth on high aspect ratio structures,”
ECS Trans., vol. 33, no. 6, pp. 977-984, 2010.

R. Chen, W. Choi, A. Schmidt, and Y. Park, “A new Kkinetic lattice
Monte Carlo modeling framework for the source-drain selective
epitaxial growth process,” in Proc. Int. Conf. Simul. Semicond.
Process. Devices (SISPAD), Glasgow, Scotland, 2013, pp. 9-12, doi:
10.1109/SISPAD.2013.6650561.

1. Martin-Bragado, R. Borges, J. P. Balbuena, and M. Jaraiz, “Kinetic
Monte Carlo simulation for semiconductor processing: a review,” Prog.
Mater. Sci., vol. 92, pp- 1-32, 2018, doi:
10.1016/j.pmatsci.2017.09.003.

H. Kubotera et al.,, “High-fidelity and efficient epitaxial growth
simulations using hybrid meshing and BVH-based ray tracing,” in
Proc. Int. Conf. Simul. Semicond. Process. Devices (SISPAD),
Grenoble, France, 2025, doi: 10.1109/SISPAD66650.2025.11186355.

A. B. Bortz, M. H. Kalos, and J. L. Lebowitz, “A new algorithm for
Monte Carlo simulation of Ising spin systems,” J. Comput. Phys., vol.
17, no. 1, pp. 10-18, 1975, doi: 10.1016/0021-9991(75)90060-1.

H. H. Yoon et al.,, “Enabling the Angstrom Era: 2D material-based
multi-bridge-channel complementary field effect transistors,” npj 2D
Mater. Appl., vol. 9, Art. no. 68, 2025, doi: 10.1038/s41699-025-
00591-z.

A. Schmidt et al., “Simulation method and system,” U.S. Patent
11,010,532, May 18, 2021.

1. Martin-Bragado, N. Zographos, and M. Jaraiz, “Long and double hop
kinetic Monte Carlo: techniques to speed up atomistic modeling
without losing accuracy,” Mater. Sci. Eng. B, vols. 154155, nos. 1-3,
pp. 202-206, 2008, doi: 10.1016/j.mseb.2008.08.015.

T. P. Schulze, “Efficient kinetic Monte Carlo simulation,” J. Comput.
Phys., vol. 227, no. 4, pp. 2455-2462, 2008, doi:
10.1016/5.jcp.2007.10.021

(1

(2]

B3]

(4]

(3]
(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

- Session_6-01 -



	Contents
	Foreword
	SISPAD 2026
	International Conference on Simulation of Semiconductor Processes and Devices
	Committees

	Sponsors
	Venue
	General information
	Kumamoto-Jo Hall
	The city of Kumamoto
	Conference language and time zone
	Climate
	Currency and payment
	Electricity

	Floor Map
	Schedule at a Glance
	Presentation of speakers
	Plenary Speakers
	PL-01 Nobuya Mori
	PL-02 Farzan Jazaeri, Jean-Michel Sallese
	PL-03 Xi-Wei Lin, Ti-Yung Lan, Kelly Morgan, Xiaopeng Xu, Soren Smidstrup, Julian Schneider

	Invited Speakers

	Program
	Session PL: Plenary
	Session 1: Memory Devices
	Session 2: Carrier Transport
	Session 3: Two-Dimensional Materials
	Session 4: Numerical Methods and Algorithms
	Session 5: Atomistic/Ab-initio Modeling
	Session 6: Process Simulation
	Session 7: Circuit Simulation and Compact Modeling
	Session 8: Quantum Devices
	Poster Session
	Session 9: Advanced CMOS Devices
	Session 10: Defects, Reliability and Variability
	Session 11: Artificial Intelligence and Machine Learning
	Session 12: Thermal Transport and Electro-Thermal Modeling

	List of Papers
	PL-01 Bridging Semiconductor Physics and Device Engineering: From Crystal Anisotropy to Efficient Quantum Transport
	PL-02 The EPFL Cryogenic MOSFET Model
	PL-03 From Atom to System: Multi-scale Thermal, Mechanical, and Reliability Modeling of Advanced Packages for AI (tentative)
	1-01 From Device Physics to Circuit Co-Design: Multi-Physics Modeling of Monolithic 3D CMOS-NEM Hybrid Circuits
	1-02 Simulation Study on Scaling Limits of Z-direction Pitch in 3D Flash Memories: Toward the Sub-40 nm Regime
	1-03 Vertical Channel-All-Around a-IGZO-FET Towards 2T1D eDRAM Design with Self-Boosted Storage-Node Voltage
	1-04 Compact Modeling of the Program Saturation Regime inCharge Trap Flash Memories
	1-05 Enabling 4F DRAM Junctionless Vertical Channel Transistors with Novel Oxygen Inserted Si Substrates - A TCAD Study
	2-01 Three-Dimensional Quantum Transport in Nanosheet FETs: Effects of Contacts, Geometry, and Multi-Stacks
	2-02 Alloy-scattering-limited Hole Mobility in SiGe:First-principles-based Multi-scale Approach
	2-03 Framework for Investigating Cryogenic Hole Mobility in Group-IV-Alloy Quantum Wells
	2-04 Two-Particle Monte Carlo for TCAD: FermionicTreatment of Electron-Electron Scattering
	2-05 Quantum Transport Simulation Considering Self-Energy for Surface Roughness in Nanosheet FETs
	3-01 Interface Modeling for TCAD Simulations of 2D Semiconductor Transistors
	3-02 Deterministic Full-Band Boltzmann Equation Solver for 2D Materials
	3-03 Engineering of n-type Metal-TMD Contacts via Ferroelectric Polarization: an Ab-initio Transport Study
	3-04 Full-Band Semi-Classical Monte Carlo Simulation of Layer Number-Dependent Hole Transport in W- and Mo-Based Transition Metal Dichalcogenides
	3-05 Strain-Dependent Electron Transport in Mono-, Bi-, and Trilayer MoS2 and WS2 Using Coupled First-Principles and Full-Band Semi-Classical Monte-Carlo Simulation
	4-01 Efficient Simulation of Gate Leakage Currents in Ultra-scaled Transistors from First Principles
	4-02 Efficient STEM-EBIC Simulation Using an Adjoint Drift-Diffusion Model
	4-03 Harmonic Balance Boltzmann Equation Solver for Gunn Domains
	4-04 Challenges of Drift-Diffusion Simulation for Device Characterization at 4.2 K
	4-05 A TCAD-Friendly Numerical Treatment of Bandtails in Cryogenic and Amorphous Oxide Semiconductors
	5-01 Atomistic Quantum Transport for the Angstrom Era
	5-02 SCDMk Wannierization from AO Basis Sets
	5-03 Atomistic Insights into NH3 Plasma-Induced Carbon Depletion and Nitrogen Incorporation in SiCOH Low-K Dielectrics
	5-04 First-Principles Electrostatic Embedding for Dielectric and Capacitance Analysis in Nonequilibrium 2D Devices
	5-05 Neural-Network-Based Effective-Mass Hamiltonians for Quantum Transport
	5-06 Thickness-Dependent Conductivity Scaling of B20-Type Chiral Topological Semimetals for Beyond-Cu Interconnect Applications
	5-07 DFT-NEGF Modeling of Surface Roughness Scattering in Ultra-Thin-Body Si Nanosheets
	6-01 Unified Lattice Kinetic Monte Carlo Model for Epitaxy, Etch and Reflow Processes for Advanced Semiconductor Device Architectures
	6-02 A First-Principles Study of F2 Selective Etching of Si/SiGe Stacks towards Sub-3 nm Node Transistor Manufacturing
	6-03 Geometry-Agnostic Feature-Scale PEALD Model
	6-04 GPU-Accelerated Feature-Scale Process Simulation of CFET Structures
	6-05 Surrogate-Assisted Calibration of a DRIE Process Model
	7-01 Compact Model of Intersubband Coulomb Scattering for FD-SOI Transistors Operating at Cryogenic Temperature
	7-02 A TCAD-SPICE Simulation Framework for Quantitative Evaluation of MOSFET Properties from SEM Transient Signals
	7-03 PrimeSim D2D: A Scalable, Machine Learning-assisted Data-Driven Modeling Framework for Fast DTCO
	8-01 Device-Consistent Simulation of Spin Exchange Interaction in Quantum Dots Using Green's-Function Method for Inhomogeneous Dielectric Environments
	8-02 Fast exchange energy simulation in Si spin qubitsfor point defect variability assessment
	8-03 Simulation of Two-qubit Gate Variability and Fidelity of Spin Qubits Built on Nanosheet Technology
	9-01 Efficient DC Simulation of Monolithic CFETs Using a Quasi-1D Approach
	9-02 Impact of 4F2 DRAM Access Transistor Design on Floating Body Effect and Retention
	9-03 Multiscale Modeling of Channel Surface Roughness: Impact on Front-End-of-Line And Circuit Performance for Advanced Logic Technology
	9-04 Impact of Thermal Expansion Mismatch-Induced NMOS Metal Gate Stress on MBCFET Performance
	9-05 Modeling of Soft Errors in CFET SRAM Using Machine Learning-Assisted Circuit Simulation
	9-06 Low-Temperature Behavior in Silicon Nanowire n-FETs Studied by Atomistic NEGF
	10-01 Multi-Scale Statistical Modeling of Random Telegraph Noise in Sub-Micrometer CIS
	10-02 Antisite Disorder in the Native Oxide Insulator beta-Bi2SeO5: A First-Principles Study
	10-04 Modeling the Memory Window Distribution in FeFETs Considering Grain Variability
	10-05 Modeling Counterclockwise Current Hysteresis in Oxide Thin-Film Transistors
	10-06 Disentangling Hysteresis in Emerging Transistors:Beyond Threshold Shifts to Area-Based Decomposition
	10-07 First-Principles Evaluation of p-type Conductivity in Zn-Doped Bismuth Oxyselenide (Bi2O2Se)
	11-01 Atomistic Modeling of Mg-Ion Implantation into GaN using an Efficient Machine-Learned Interatomic Potential
	11-02 k-space resolved surrogate models for efficientinverse design of optical metasurfaces
	11-03 Physics-Informed Neural Networks for Stable Drift-Diffusion Simulation and Inverse Parameter Extraction in 2D Semiconductors Devices
	11-04 A Deep Learning Framework for Fast, Unified Process and Device TCAD Simulation
	12-01 A Novel 2.5D Thermal Coupling Model for Device/Metal Reliability Applications
	12-02 Joule heating and thermal transport in 2D materials for device applications
	12-03 Monte Carlo Modeling of Phonon Drag Effects on Thermoelectric Transport in Silicon Nanostructures with doping modulation
	P-01 Monte Carlo Simulation of the Silicon-Channel Thickness Dependenceof Nanosheet Performance
	P-02 Multi-subband Monte Carlo Simulation of ScaledForksheet FETs
	P-03 Performance Analysis of Silicon GAA-NS-FETs
	P-04 Revealing New Leakage Paths in GAAFETs using Predictive First Principle Simulations
	P-05 Self-Heating and Radiation Hardness Studies of 3nm GAA-FET-Based SRAM with Different Substrate Isolation Techniques
	P-06 Circuit-to-Micromagnetics Analysis of Read Disturbance in Two-Terminal SOT-MRAM
	P-08 TCAD-Based Word Line Driver Optimization for NAND-type 3D Flash Memory Scaling
	P-09 Avalanche Breakdown in IGBT Corners with VLD Termination: Quantitative 3D TCAD Investigation
	P-10 Physics-Informed Compact Modeling of Leakage and Breakdown in GaN-on-Si Devices
	P-11 SOI PeDMOS RON-BV-IOFF tradeoff optimization through TCAD simulations
	P-12 Double-Gate LDMOS Transistors with Exceptional Figure-of-Merit Exceeding 700 kW/mm2
	P-13 Unified TCAD Simulation Framework for InGaAs/InP Single-Photon Avalanche Diodes
	P-14 Revisiting Random Dopant Fluctuation at CryogenicTemperature: the Effect of Incomplete Ionization
	P-15 Hot Carriers and Self-Heating Effects in FD-SOI Devices at Cryogenic Temperatures
	P-16 DFT Modeling of O2-Driven Fragmentation and Islanding from MoS2 Nanoworms
	P-17 Modeling and Simulation of Exciton Dynamics in Transition MetalDichalcogenides Heterostructures
	P-18 Analytical SOT MRAM Modeling : From Deterministic to Fokker-Planck based Stochastic Switching
	P-19 Quasi-Bound State Tunneling in GaN Devices using 2D NEGF with Supercell Mode-Space Method
	P-20 Semi-Classical Monte Carlo Simulation of Contact Geometry Effect on Source/Drain Junction Resistance in N-Type Si Fin and Nanosheet FETs
	P-21 Carrier Density Dependent Transport in Monolayer WS2
	P-22 Lattice-Based Quantum Phonon Transport in FD-SOI Transistors
	P-23 FE-NEGF for Cryogenic Thermal Management
	P-24 A Fokker-Planck Approach for Modeling Temperature-Dependent Two-Phase Switching Dynamics in Ferroelectrics
	P-25 Multi-Stage Etch Recipe Inverse Design: Bridging Expert Behavioral Cloning and Reinforcement Learning
	P-26 Layer-by-layer oxidation of HfSe2 and formation of clean van der Waals interfaces with 2D semiconductors: A first-principles molecular dynamics study
	P-27 Twisting in High Aspect Ratio Etching with Charging Effects as a Stochastic Mechanism
	P-28 Impact of Surface Charging on Feature Profile Evolution in 3D NAND Pillar Etching
	P-29 Pulsed Bias Etching of Silicon Pillar Arrays: Experiment and Surface-Memory Simulation of Loading Control
	P-30 Experiment-Based Modeling of Wafer-to-Wafer Bonding for 3D Integration
	P-32 Multi-Phase-Field Modeling of Thin-Film Silicidation
	P-33 SEMulator3D Linking Deposition Process to Electrical Metrics-Accelerated WAT Learning
	P-34 SPER-Driven Dislocation Nucleation and Uphill Diffusion Modeling for Advanced Semiconductor Processing
	P-35 Feature Charging During Cryogenic Plasma Etching
	P-36 A Covariance Matrix Adaptation Evolutionary Strategy Parameter Extractor for BSIM-CMG
	P-38 Comprehensive SPICE Compact Modeling of Split-Gate Embedded Flash Memory for Transient and Worst-Case Operation Failure Simulation
	P-39 SPICE Modeling Method of Reverse Recovery Based on TCAD Analysis
	P-40 First-principles calculation of free carrier absorption in 4H-SiC
	P-41 Low-temperature enhancement of quantum hybridization-induced negative differential resistance in a Pb-free 1D halide perovskite
	P-42 Multi-space density functional simulations of WSe2 p-n junctions
	P-43 Machine Learning Framework for the Inverse Design of Tight-Binding Parameters in Compound Semiconductors
	P-44 A Machine-Learning Accelerated Atom-to-Transistor Simulation Framework
	P-45 Physics-Enhanced LSTM Modeling of Electric Double-Layer Transistors
	P-46 Power-Performance Assessment of 48 nm Gate-Pitch CFETs Using Experimentally Calibrated Physics-Informed ANN Models
	P-47 AI-driven TCAD Surrogate Modeling and Multi-Objective Optimization for Accelerated Technology Development
	P-48 Accelerating Simulation of General Gate-All-Around Transistors via a Quasi-1D Model
	P-49 Machine Learning Accelerated Geometry Optimization under External Electric Fields


