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Abstract—This work develops a numerical model to estimate
binding energy, exciton energy, and radiative lifetime in layered
transition metal dichalcogenide (TMD) materials. Electron and
hole effective masses obtained from DFT band structures are
used in the quantum well model to describe out-of-plane carrier
confinement. The in-plane exciton motion is solved using a
finite-difference Wannier-Mott equation with Keldysh screening.
These wavefunctions are then used to calculate electron-hole
overlap, oscillator strength, intrinsic radiative lifetime, ther-
mally averaged effective lifetime, and absorption spectra. The
model is tested for monolayer, multilayer, and heterobilayer
TMDs. The calculated exciton transition energies, binding en-
ergies, and lifetime trends are compared with reported PL and
theoretical values. The results indicate that indirect interlayer
excitons have lower binding energies and reduced electron-hole
overlap. This reduced overlap leads to longer recombination life-
times, which are relevant for exciton transport in optoelectronic
devices.

Index Terms—Indirect exciton, exciton lifetime, binding en-
ergy, Keldysh potential, TMD heterobilayers, excitonic devices.

I. INTRODUCTION

Two-dimensional (2D) transition metal dichalcogenides
(TMDs) are widely studied for optoelectronic and excitonic
device applications because of their strong optical response,
reduced dielectric screening, and pronounced quantum con-
finement effects [1]-[3]. In monolayer TMDs, these features
produce excitons with large binding energies that recombine
radiatively even at 300 K [4]. Adding layers shifts the elec-
tronic structure toward the bulk limit, leading to changes in
exciton transition energy, binding energy, and recombination
dynamics.

Exciton lifetime directly controls carrier relaxation and
optical response in layered TMDs. Experimental studies
based on photoluminescence (PL) and time-resolved PL spec-
troscopy have shown that exciton dynamics strongly depend
on thickness, dielectric environment, and indirect coupling
[5]. In multilayer systems, enhanced dielectric screening and
reduced confinement modify the exciton wavefunction over-
lap and radiative decay. In heterobilayers, spatial separation
of electrons and holes can further suppress recombination and
lead to indirect exciton lifetimes ranging from microseconds
to hundreds of microseconds, depending on temperature,
dielectric environment, and heterostructure configuration [6]—
[9].

Although first-principles approaches such as GW-BSE can
accurately describe excitonic properties, their application in
systematic research that depends on thickness and struc-
ture is still computationally challenging [10]. Effective mass

approaches combined with the Keldysh interaction offer a
simpler physics-based alternative, provided that reliable ma-
terial parameters are available. In particular, growth-direction
electron and hole effective masses and confinement-related
parameters are essential for describing quantization and in-
plane exciton motion in layered TMDs.

In this work, we present a DFT-informed exciton frame-
work that connects material parameters to exciton energy,
binding energy, and lifetime. QuantumATK band structures
provide anisotropic electron and hole effective masses. These
masses are used in the quantum-well model for out-of-
plane confinement and in the Wannier—Mott solver for in-
plane exciton motion. The calculated wavefunctions directly
determine the electron-hole overlap, oscillator strength, ra-
diative lifetime, and thermally averaged effective lifetime.
This enables comparison across monolayers, multilayers,
and heterobilayer TMDs. Particular emphasis is placed on
indirect excitons in heterobilayer TMDs. In these systems,
spatial separation of electrons and holes reduces oscillator
strength and extends the recombination lifetime. This helps
identify suitable heterostructures for exciton transport and
gate-controlled excitonic devices.

II. MODELS

The excitonic Hamiltonian for TMD heterobilayers is

H:HeJthJrEchTXJrVK(p), (1)
Here, Tx denotes the in-plane kinetic energy and FE. is
the conduction-band edge. The terms H. and Hj are the
confinement-direction Hamiltonians for the electron and hole,
respectively, while Vi (p) is the Keldysh interaction. H, and
H;, are solved with Dirichlet boundary conditions for the
confined states 1. (z), ¥, (z). DFT band gaps and anisotropic
masses (K -point parabolic fit) give the reduced mass pu =
(m 1 +m}:1 )~1, which enters the 2D Wannier-Mott equation,
h? [ 0*

|:_2M (ap2 + ;87/) - [)2) + VK(p):l wn(p) - EX,TI, ¢n(p)

2)
This equation is solved in MATLAB on a uniform p grid.
A Neumann condition is applied at p = 0, and a vanishing
boundary condition is used at the outer edge. The exciton

energy is obtained as Ex = Eqp — Ep, where Ep is the
binding energy, Eqp is the quasiparticle gap, and n denotes
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the exciton state. For a monolayer direct exciton, the Keldysh

pOtential iS
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where xop is the 2D polarizability, r( is the screening length,
k 1s the environmental dielectric constant, with Yy and Hg
denote the second-kind Bessel and Struve functions of zeroth
order. For bilayer and indirect interlayer excitons, the vertical
separation is included via ¢ = +/p? + d2, where d is the
vertical separation listed in Table II, with d = 0 for the
monolayer. The screening is summed over both layers,

Vi (p) 3)

me? K
Vicl) = 5~ {H()( Q) Y0< )} )
i v v
where v = (7’(()1) + r(()z)), r(()l and r( ) are the monolayer

screening lengths. The radiative decay rate I'g and intrinsic
lifetime are

h mwe? S
Trad = 7o =— (%)
2T Ve moe T Aye

where S = Waé is the coherence area (ap the Bohr radius),
A the unit cell area, and €, the in-plane dielectric constant.
The oscillator strength combines the interband dipole d.., the
out-of-plane overlap, and the wavefunction at zero separation,

2m0 EX dw

o= (6)

/we Jon() dz| (o)

Only excitons inside the light cone radiate. The remaining
excitons are momentum-dark states. Since excitons thermal-
ize within ~1-2 ps, only a small bright fraction occupies the
cone at room temperature, giving the effective lifetime

3MkgTc?
F%e

Teff(T) = Trad (7)
where M is the exciton mass. A large out-of-plane overlap
gives a large oscillator strength and fast recombination,
desirable for high-speed emission, whereas type-II indirect
(e2hy) interlayer excitons have reduced overlap and longer
effective lifetime.

The interband absorption is obtained by summing the

bright (I = O) states, with linewidth T'g,

0
Z fvn Z gi Elfﬁw)Qﬁ»F%

n(l 0) i=A,B n

®)

with go = 1, gg = 7. Here Ef? = Ex, is the A-exciton
energy and EP = E2 + A ,p the B-exciton energy, and A5
denotes the spin-orbit splitting between the A and B excitons
(Ex — ER). Only s states carry finite contact amplitude
|4)(0)|? and are bright, p and d states are dark.

III. SIMULATION FRAMEWORK

DFT-derived parameters are used as inputs to the numerical
exciton solver. The solver computes binding energy, exciton
transition energy, radiative lifetime and absorption in mono-
layer, multilayer, and interlayer TMD heterobilayers using
material parameters listed in Tables I and II. Fig. 1a shows the
device geometry, where the electron and hole either stay in the

same layer as a direct exciton or separate across the interface
as an indirect exciton. The type-II alignment is treated as a
double quantum well (Fig. 1b), with the band offsets defining
the confinement regions. Band structures were computed in
QuantumATK using LDA, SG15 pseudopotentials, and a
Medium basis set. The in-plane and out-of-plane effective
masses were then extracted by parabolic fitting near the K
point as shown in Fig. 1d. The in-plane masses set the reduced
mass for the Wannier-Mott equation and the out-of-plane
masses enter the confinement calculation.

The electron and hole envelope functions follow from the
one-dimensional effective mass Schrodinger equation along
the out-of-plane direction with Dirichlet boundary conditions.
Their overlap (Fig. 1c) enters the radiative rate quadratically,
so the reduced overlap between exh; excitons gives a longer
lifetime. The in-plane states follow from the radial Wannier-
Mott equation with the Keldysh potential. The wavefunctions
in Fig. le show a localized 1s ground state and more extended
excited states. Figure 1f compares the direct and indirect
potentials, where the weaker indirect eoh; potential reflects
the finite vertical separation that lowers the indirect binding
energy.

TABLE I: Material parameters used for monolayer TMDs reported in
previous work [11]. Multilayer parameters are scaled with layer number N.

Parameters  Unit Monolayer TMDs

WSo ‘WSes MoSso MoSes
Eqr V) 251 2.11 238 2.03
T (nm)  0.60 0.75 0.65 0.70
Ve V)  3.93 3.61 428 391
Vi (V) 548 4.86 5.87 5.24
€ 14.0 15.3 154 16.8
o (nm) 4017 4757 4468 5316
X2D (nm)  7.58 9.02 8.29 10.34
m! (mo) 0.32 0.34 0.47 0.55
ml (mo) 0.35 0.36 0.54 0.59
wl 0.167  0.175 0249  0.284
m¥ (mo) 0.665  2.401 0.790 2227
mj- (mo) 2851 5196 2441 5.556
dev (nm)  0.60 0.60 0.47 0.50

TABLE II: Material parameters for the indirect (e2h1) exciton study in
heterobilayer TMDs.

Parameters Unit TMD heterobilayers

Layer-1 (hole) WSo MoSso WSeo MoSso MoSeo
Layer-2 (electron) WSeo MoSe-> MoS»o WSo WSeo
Eqgp (eV) 2.15 1.89 2.08 2.26 1.95

T) 4+ Ts (nm) 1.35 1.35 1.40 1.25 1.45

Ve1 (eV) 3.93 4.28 3.61 4.28 391

Vea (eV) 3.61 391 4.28 3.93 3.61

Vi (eV) 5.48 5.87 4.86 5.87 5.24

Vha (eV) 4.836 5.24 5.87 5.48 4.86

AEc eV) 0.32 0.37 0.67 0.35 0.30

AEy (V) 0.62 0.63 1.01 0.39 0.38

d (nm) 0.62 0.62 0.63 0.60 0.64

(ep1 + €v2)/2 14.7 16.1 154 14.7 16.1

m(!z (mo) 0.36 0.56 0.48 0.32 0.36

mﬂl (mo) 0.36 0.58 0.45 0.58 0.65

u” 0.180 0.285 0.232 0.206 0.232
77sz (mo) 2.400 2.220 0.790 0.665 2.400
mfl‘] (mo) 2.851 2.441 5.196 2.441 5.556
dev (nm) 0.60 0.63 0.60 0.8385 0.70

The exciton radiative lifetime is first verified using the Al-
GaAs/GaAs double quantum well case. The field-dependent
increase in lifetime in Fig. 2d confirms that reduced electron-
hole overlap correctly slows radiative recombination in the
indirect limit.
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Fig. 1: Exciton formation in monolayer, multilayer, and WS2/MoS2 heterobilayer systems, modeled through band alignment, effective masses, wavefunctions,

Keldysh potentials, and binding energies.

IV. RESULTS AND DISCUSSION

The exciton-energy calculation is first validated for mono-
layer and multilayer WS,. For monolayer WS, the calculated
1s — bs transition energies in Fig. 2a agree closely with
the reported PL peaks [4], particularly for the low-lying
states. The small deviation in higher states is expected.
They are weakly bound, extend over a larger radius, and
sample the dielectric environment more strongly, making
them sensitive to the screening length. In the multilayer case,
the 1s and 2s energies in Fig. 2b decrease with layer number
and then approach saturation. Two effects drive this trend,
with the quasiparticle gap dropping toward its bulk value
while stronger dielectric screening weakens the electron—hole
attraction as more layers are added.

The binding energies show a similar trend across the
DFT-BSE data for 49 TMD materials taken from the 2D
material database, as shown in Fig. 1g. Exact agreement
is not expected because the effective-mass description does
not include band non-parabolicity and local-field effects. For
monolayer TMDs, the excited state plot in Fig. 1h shows a
clear reduction in binding energy from the 1s state to the
higher states, because the higher states have a larger spatial
extent and a correspondingly weaker electron-hole attraction.
The non-hydrogenic spacing of the series is a direct signature
of the nonlocal Keldysh screening. The monolayer binding
energy comparison in Fig. 2c further shows that WSs, WSes,
MoS,, and MoSe, lie close to the reported DFT, existing
model, and SVM values. The material-wise variation arises
mainly from the reduced mass and the 2D polarizability xsp,
with the heavier Mo-based compounds showing the larger
binding energies.

For monolayer WSs, WSes, MoS,, and MoSes, the effec-
tive lifetimes at 300 K in Fig. 2e fall in the same range as
the reported DFT and PL decay values. For multilayer TMDs,

the lifetime in Fig. 2g decreases with layer number and then
saturates. This follows the thickness-dependent screening
trend observed in the exciton-energy results. The changes
in band gap, screening, and wavefunction overlap modify
the transition energy and oscillator strength. The indirect
lifetimes in Fig. 2h exceed the monolayer direct exciton
values by orders of magnitude. The electron and hole sit
in adjacent layers, so their envelope functions overlap only
weakly across the van der Waals gap. This spatial separation
suppresses the overlap integral in Eq. (6) and slows radiative
recombination, in agreement with the long-lived indirect
(eohy) excitons reported experimentally [7], [8]. The spread
across the five heterobilayers comes mainly from differences
in band alignment, interlayer distance d, and reduced mass,
which set the overlap and the thermal occupation factor in
Eq. (7).

The absorption spectra in Fig. 2f confirm the calculated ex-
citon transition energies. For monolayer TMDs, the dominant
1s peak agrees well with the reported PL energies marked
in red, while the weaker 2s and 3s peaks appear at higher
energies. Only s-type states are optically bright because the
oscillator strength depends on |¢/(0)|?. For heterobilayers, the
spectra show interlayer esh; excitonic transitions. MoS2/WS4
and MoSe2/WSes are compared with the reported GW-BSE
peak positions of Ref. [18], near 1.83 eV and 1.60 eV,
respectively. Higher excited-state peaks arise from weaker
binding, while their lower intensity results from reduced
electron-hole overlap at zero separation.

V. CONCLUSION

A Wannier-Mott exciton model was developed for 2D
TMDs by combining QuantumATK-derived parameters with
Keldysh screening and oscillator-strength-based recombina-
tion. The model predicts binding energy, transition energy,
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Fig. 2: Exciton energies, binding energies, absorption spectra, and radiative lifetimes across monolayer, multilayer, and heterobilayer TMDs.

effective lifetime, and absorption peaks across monolayer,
multilayer, and heterobilayer TMDs. The calculated trends
agree reasonably with reported data and show that the ap-
proach can estimate exciton lifetimes at low computational
cost.

(1]

(2]

3

—

[4]

(3]

(6]

[7

—

(8]

REFERENCES

G. Wang, A. Chernikov, M. M. Glazov, T. F. Heinz, X. Marie,
T. Amand, and B. Urbaszek, “Colloquium: Excitons in atomically
thin transition metal dichalcogenides,” Reviews of Modern Physics,
vol. 90, no. 2, p. 021001, 2018. [Online]. Available: https:
//doi.org/10.1103/RevModPhys.90.021001

K. F. Mak, C. Lee, J. Hone, J. Shan, and T. F. Heinz, “Atomically
thin mos 2: a new direct-gap semiconductor,” Physical review
letters, vol. 105, no. 13, p. 136805, 2010. [Online]. Available:
https://doi.org/10.1103/PhysRevLett.105.136805

A. Splendiani, L. Sun, Y. Zhang, T. Li, J. Kim, C.-Y. Chim, G. Galli,
and F. Wang, “Emerging photoluminescence in monolayer mos2,”
Nano letters, vol. 10, no. 4, pp. 1271-1275, 2010. [Online]. Available:
https://doi.org/10.1021/n1903868w

A. Chernikov, T. C. Berkelbach, H. M. Hill, A. Rigosi, Y. Li,
B. Aslan, D. R. Reichman, M. S. Hybertsen, and T. F. Heinz, “Exciton
binding energy and nonhydrogenic rydberg series in monolayer ws
2.” Physical review letters, vol. 113, no. 7, p. 076802, 2014. [Online].
Available: https://doi.org/10.1103/PhysRevLett.113.076802

M. Palummo, M. Bernardi, and J. C. Grossman, “Exciton radiative
lifetimes in two-dimensional transition metal dichalcogenides,” Nano
letters, vol. 15, no. 5, pp. 2794-2800, 2015. [Online]. Available:
https://doi.org/10.1021/n1503799¢t

E. M. Alexeev, C. M. Purser, C. M. Gilardoni, J. Kerfoot,
H. Chen, A. R. Cadore, B. L. Rosa, M. S. Feuer, E. Javary,
P. Hays et al, “Nature of long-lived moiré interlayer excitons
in electrically tunable mos2/mose2 heterobilayers,” Nano Letters,
vol. 24, no. 36, pp. 11232-11238, 2024. [Online]. Available:
https://pubs.acs.org/doi/10.1021/acs.nanolett.4c02635#Abstract

P. Rivera, J. R. Schaibley, A. M. Jones, J. S. Ross, S. Wu,
G. Aivazian, P. Klement, K. Seyler, G. Clark, N. J. Ghimire et al.,
“Observation of long-lived interlayer excitons in monolayer mose2—
wse2 heterostructures,” Nature communications, vol. 6, no. 1, p. 6242,
2015. [Online]. Available: https://doi.org/10.1038/ncomms7242

A. R.-P. Montblanch, D. M. Kara, 1. Paradisanos, C. M. Purser,
M. S. Feuer, E. M. Alexeev, L. Stefan, Y. Qin, M. Blei, G. Wang

et al., “Confinement of long-lived interlayer excitons in ws2/wse2
heterostructures,” Communications Physics, vol. 4, no. 1, p. 119, 2021.

[Online]. Available: https://doi.org/10.1038/s42005-021-00625-0

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

L. A. Jauregui, A. Y. Joe, K. Pistunova, D. S. Wild, A. A. High,
Y. Zhou, G. Scuri, K. De Greve, J. Sloan, D. M. Boddapati,
A. Y. Park, E. Y. Andrei, M. Roch, T. Taniguchi, K. Watanabe,
E. Demler, P. Kim, M. D. Lukin, and H. Park, “Electrical control
of interlayer exciton dynamics in atomically thin heterostructures,”
Science, vol. 366, no. 6467, pp. 870-875, 2019. [Online]. Available:
https://doi.org/10.1126/science.aaw4194

T. C. Berkelbach, M. S. Hybertsen, and D. R. Reichman, “Theory
of neutral and charged excitons in monolayer transition metal
dichalcogenides,” Physical Review B, vol. 88, no. 4, p. 045318, 2013.
[Online]. Available: https://doi.org/10.1103/PhysRevB.88.045318

R. Ramesh Nimje, G. Swati, and A. Mahajan, “Estimation of
lifetime of excitons in monolayer transition metal dichalcogenides,”
Nanotechnology, vol. 37, no. 23, p. 235201, 2026. [Online]. Available:
https://doi.org/10.1088/1361-6528/ae7265

M. N. Gjerding, A. Taghizadeh, A. Rasmussen, S. Ali, F. Bertoldo,
T. Deilmann, N. R. Kngsgaard, M. Kruse, A. H. Larsen, S. Manti
et al., “Recent progress of the computational 2d materials database
(c2db),” 2D Materials, vol. 8, no. 4, p. 044002, 2021. [Online].
Available: https://doi.org/10.1088/2053-1583/ac1059

S. Wu, L. Cheng, and Q. Wang, “Exciton states and absorption
spectra in freestanding monolayer transition metal dichalcogenides:
A variationally optimized diagonalization method,” Physical Review
B, vol. 100, no. 11, p. 115430, 2019. [Online]. Available:
https://doi.org/10.1103/PhysRevB.100.115430

I. Kylénpéd and H.-P. Komsa, “Binding energies of exciton complexes
in transition metal dichalcogenide monolayers and effect of dielectric
environment,” Physical Review B, vol. 92, no. 20, p. 205418, 2015.
[Online]. Available: https://doi.org/10.1103/PhysRevB.92.205418

D. K. Zhang, D. W. Kidd, and K. Varga, “Excited biexcitons in
transition metal dichalcogenides,” Nano letters, vol. 15, no. 10,
pp. 7002-7005, 2015. [Online]. Available: https://doi.org/10.1021/acs.
nanolett.5b03009

L. Butov, A. Imamoglu, A. Mintsev, K. Campman, and A. Gossard,
“Photoluminescence kinetics of indirect excitons in gaas/alxgal-xas
coupled quantum wells,” Physical Review B, vol. 59, no. 3, p. 1625,
1999. [Online]. Available: https://doi.org/10.1103/PhysRevB.59.1625
N. B. Mohamed, H. E. Lim, F. Wang, S. Koirala, S. Mouri,
K. Shinokita, Y. Miyauchi, and K. Matsuda, “Long radiative lifetimes
of excitons in monolayer transition-metal dichalcogenides mx2 (m=
mo, w; X=s, se),” Applied Physics Express, vol. 11, no. 1, p. 015201,
2017. [Online]. Available: https://doi.org/10.7567/APEX.11.015201

E. Torun, H. P. Miranda, A. Molina-Sédnchez, and L. Wirtz, “Interlayer
and intralayer excitons in mos 2/ws 2 and mose 2/wse 2 heterobilayers,”
Physical Review B, vol. 97, no. 24, p. 245427, 2018.

SISPAD 2026 — https://sispad2026.jp/
330

-P-17-



	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


