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UMOSFET with Quasi-Inversion Nitrogen-lon-Implanted Channel,” IEEE ISPSD,
2024.
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Vertical p-Ga203 Schottky Barrier Diodes with Conductivity-Modulated p-NiO
Junction Termination Extension," IEEE Trans. Electron Devices, vol. 70, no. 4, pp.
2129-2134, Feb. 2023.
[4] Zhao Han, Gangzhong Jian, Xuanze Zhou, Qiming He, Weibing Hao, Jinyang
Liu, Botong Li, Hong Huang, Qi Li, Xiaolong Zhao, Guangwei Xu and Shibing Long,"
2.7 kV Low Leakage Vertical PtOx/B-Ga203 Schottky Barrier Diodes With
Self-Aligned Mesa Termination,” IEEE Electron Device Lett., vol. 44, no. 10, pp.
1680-1683, Aug. 2023.
[5] Weibing Hao, Qiming He, Zhao Han, Xiaolong Zhao, Guangwei Xu, Shu Yang, Shibing
Long, “1 kV vertical B-Ga203 heterojunction barrier Schottky diode with hybrid unipolar and
bipolar operation,” IEEE ISPSD, 2023.
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Ovonic threshold switching (OTS) selectors based on amorphous chalcogenide present a
promising avenue for three-dimensional memory integration. As performance demands continue
to escalate, leakage has emerged as a critical factor affecting the stability and reliability of
selectors. In this study, we elucidate the leakage mechanisms in binary As,Sez-based OTS devices
by revealing the local clusters in an amorphous structure. Utilizing four-dimensional scanning
transmission electron microscopy (4D-STEM) combined with angstrom-beam electron diffraction
(ABED), we directly observed titanium nitride (TiN) clusters enter the amorphous As,Ses layer
after first-fire, which is identified as the primary cause of leakage in such OTS devices. Based on
this, incorporating a carbon buffer layer at the TiN/As,Se; interface and annealing operation, the
leakage current of the device can be effectively reduced and the durability of the device can be

improved.
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blind UVC photodetectors. The high-resistivity Ga,03 is widely used as a current-blocking layer
in the power electronic or active layer of UVC photodetectors. However, the characterization of
electronic defects in a highly resistive B- Ga,Oj3 is a tough challenge. Taking heteroepitaxy growth
on sapphire as an example, the dominant growth challenge is the existence of six in-plane
rotational domains due to the mismatch symmetric of the Ga,Os epilayer and sapphire substrate,
as well as the formation of structural defects like twin, stacking default, and so on. The resulting
Ga,03 epilayer surprisingly exhibits high resistivity, even for UID and doped Ga,0Os, which does
not happen in the Ga,0O3 single crystals. It is suspected to be compensated by the structural defects.
However, the energy levels and their roles are not revealed and understood yet. The technique of
monitoring the transient of junction capacitance, namely, deep-level transient spectroscopy
(DLTS), is a powerful tool to characterize trap levels. However, the DLTS is not applicable for
high-resistivity semiconductors due to small junction capacitance and difficulties in injecting free
carriers by a voltage pulse. Alternatively, photo-induced current transient spectroscopy (PICTS)
can be used to characterize trap levels in highly resistive semiconductors.

Here we adapt temperature-dependent resistivity and photoinduced current transient
spectroscopy (PICTS) for the first time to investigate the electronic defect of resistive -Ga,03
epilayer grown on a sapphire substrate. The temperature-dependent resistivity revealed a thermal
activation energy of 0.27~0.48 eV. By PICTS, we observe a broad trap band instead of a discrete
level, which can be expressed by a Gaussian peak centered at 0.3~0.4 eV with a standard deviation
of 0.3 eV below the band edge. This trap band functions as a compensation defect, resulting in
high resistivity, and also affects the falling time of the UVC photodetector. The broad trap can
only be modulated a little bit by the degree of miscut angle of the substrate to a shallower energy
level (<0.1 eV). It is suspected of originating from structural defects during growth. By
constructing an ohmic metal semiconductor metal photoconductor, the highest responsivity and
corresponding response time are 123.6 A/W and tr/tf of 1.24s/2.05s, respectively. This work
highlights that we can accelerate the response time of UVC photoconductors by tailoring the

structural defects in the future.
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Enhancement of Silicon Carbide Crystal Growth Rate by Pr, Ce, and La Solvent

Additives in the Top-Seeded Solution Growth Method
HaCE AL I
TAERAL: mRERY
Using solvents to enhance the solubility of carbon in the silicon melt is an effective approach
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to improve the efficiency of the top-seeded solution growth method for silicon carbide. This study
proposes the use of rare earth elements (Pr, Ce, La) as solvent additives to enhance the growth
efficiency of silicon carbide (SiC) crystals in the top-seeded solution growth (TSSG) method. A
two-dimensional axisymmetric numerical simulation model was developed to analyze the thermal
field, flow field, carbon solubility, carbon supersaturation distribution, and SiC growth rate in the
Si-Ti-C, Si-Pr-C, Si-Ce-C, and Si-La-C melt systems. By optimizing key process parameters such
as additive concentration, melt temperature distribution, crucible rotation speed, and seed crystal
rotation speed, the maximum crystal growth rates in the Si-Ti-C, Si-Pr-C, Si-Ce-C, and Si-La-C
systems were improved from 0.111 mm/h, 0.249 mm/h, 0.109 mm/h, and 0.093 mm/h to 0.643
mm/h, 5.171 mm/h, 3.285 mm/h, and 3.160 mm/h, respectively. Pr, Ce, and La additives enhanced
the effective SiC crystal growth rates by approximately 8, 5.1, and 4.9 times compared to Ti as the
solvent additive. Research reveals that using Pr, Ce, and La as solubility enhancers improves the

efficiency of the top-seeded solution growth method for silicon carbide.
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Silicon quantum dots (Si QDs) have attracted much attention nowadays because of their
novel properties and potential applications in many kinds of nano-devices. In order to further
improve the device performance, realizing effective doping in Si QDs is a crucial subject.
However, the doping in nano-scaled semiconductors is quite complicated and difficult as revealed
both in theoretical and experimental studies. Here, we report the systematically study on
Phosphorus (P) or/and Boron (B) doping in Si QDs-based multilayers. The comparative study on
the favourite occupy sites of P, B singly and co-doping in Si QDs has been carried out theoretically.
We demonstrate the substitutional doping can be achieved even in the small-sized Si QDs
experimentally and high conductivity can be obtained. It is also found that the light emission can
be enhanced by suitable P doping. More interesting, the sub-band light emission has been
observed for P-doped Si QDs and the corresponding model is proposed and the improved

sub-band emission is realized by P/B co-doping.

D06-10

Regulation of energy band and luminescence properties in
lead halide perovskite materials via lattice strain
FriH
Bl i

It is still quite challenging to achieve high-performance and stable blue perovskite materials
due to their instability and degradation. The lattice strain provides an important pathway to
investigate the degradation process. In this article, the lattice strain in perovskite nanocrystals was
regulated by the ratio of Cs*, EA", and Rb" cations with different sizes. Their electrical structure,
formation energy and ion migration activation energy were calculated with the Density Functional
Theory (DFT) method. The luminescence properties and stability of blue lead bromide perovskite
nanocrystals were analyzed with spectra regulation from 516 nm to 472 nm. It was demonstrated
that the lattice strain plays an important role in the luminescence performance and degradation
process of perovskite materials.

Additionally, we observe the change in the lattice strain before and after the long-time
stability test, indicating that the degradation of the local perovskite lattice structure could be the
initial process for the long-term operation of perovskite materials. The luminescence properties,
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stability and initial degradation of lead bromide perovskite nanocrystals have strong correlations
with the lattice strain. This work provides useful guidelines in material design for both stable and
high-performance blue perovskite materials as well as a new understanding of the initial

degradation mechanism in perovskite materials with long-term stability.
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Hybrid bonding demonstrates significant application potential in the field of on-chip
integrated opto-electronics. When combined with ion-slicing technique, this approach enables the
fabrication of large-scale thin films of opto-electronic materials into SOIl-like structures, thereby
supporting the development of higher-performance novel devices. We have fabricated several
heterogeneous substrates (including lithium niobate, lithium tantalate, silicon carbide, calcium
fluoride, etc.) and demonstrated corresponding devices on-chip featuring rich functionality and

outstanding performance, such as modulators, frequency combs and quantum networks.
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Study of high aspect ratio Polycrystalline silicon dry etching with size-selectivity

for 3D DRAM parasite channel 1GZO cutoff
Yang Liu, ZeHuan Hei , XiaoDong Li, Xiao Shang, Tuo Xin , ZhongHua Jin , BaoDong Han,
HongBo Sun, GuiLei Wang, Chao Zhao*
Beijing Superstring Academy of Memory Technology

In multilayer stacked 3D devices, it is essential to completely expose the dummy
protection layer in to finish IGZO cut and remove the parasite channel. We propose a
high aspect ratio (HAR) Polycrystalline silicon trench etching method to expose the
sidewall dummy protection layer. Due to the complexity of the 3D structure, it is very
necessary to avoid damaging the IGZO behind the protection layer, so multiple ways
of HAR trench Polycrystalline silicon etch are attempted. In this study, we investigate
three ways of HAR Polycrystalline silicon trench etch, using wet, Bosch process, and
two step size selective dry etching respectively. The wet process will damage the
dummy protection material on the 1GZO side wall due to the material native oxidation
and loading effect of CMP process, which will damage 1GZO in the subsequent
process. The Bosch process has poor selectivity ratio between poly and HM, resulting
in severe hard mask (HM) loss. Therefore, we adopt a two-step dry etching scheme
with size-selective etching. Firstly, anisotropic etching is applied to make the “V”
shape etch profile, then isotropic etch was used to fully remove the remaining
Polycrystalline silicon in the trench. The two steps can be performed in the same
chamber subsequently. The experimental results show that the size-selective two-step
dry etching scheme can fully remove the trench Polycrystalline silicon and exposes
the mentioned dummy protective layer without etching the native oxide layer and
touch 1GZO material. The results of this study can significantly reduce the risk of
IGZO damage in 3D device fabrication by completing the 1GZO parasite channel
cutoff and avoiding channel-to-gate damages.
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Morphological and Strain Engineering of SiGe Cladded Channels
for Stacked Nanowire Transistors
ARG
RS2 AF AT FE B
This paper presents a comprehensive study of silicon germanium (SiGe) cladded channels for
stacked nanowires (NWs), focusing on morphological control and strain engineering to enhance
device performance. High-resolution transmission electron microscopy (HRTEM) was used to
characterize the Si NWs and SiGe cladding morphology. The results demonstrate that the
morphology of SiGe cladding can be controlled by adjusting the high-temperature H2 baking
conditions, leading to shapes such as triangular, circular, and hexagonal. TCAD simulations and
geometric phase analysis (GPA) of TEM images revealed that the maximum compressive stress of
SiGe cladding is 3 GPa, corresponding to a compressive strain of 2.48%, which significantly
enhances hole mobility. Electrical performance tests and simulations on PMOS devices with
different morphologies showed excellent short-channel effects (SCEs) control, with a subthreshold
swing (SS) of approximately 70 mV/dec and a drain-induced barrier lowering (DIBL) of only 40
mV/V. These findings provide valuable guidelines for fabricating high-quality SiGe channels with

controlled structures, enabling the realization of high carrier mobilities in future devices.
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Fabrication and Characterization of Mo/MoC Thin Films for Interconnect Applications

in Ultra-Large-Scale Integrated Circuits
FNJEHi
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With the continuous scaling of integrated circuit technology to the 7-nanometer node and

beyond, traditional copper interconnect technology faces significant challenges due to rising
resistivity and declining reliability. This study explores molybdenum/molybdenum carbide
(Mo/MoC) thin films as a promising alternative for interconnect materials in ultra-large-scale
integrated circuits. The Mo/MoC thin film structures were fabricated using reactive magnetron
sputtering, followed by systematic characterization of their electrical, thermal, and interfacial
properties. Electrical performance testing based on the Vanderbilt method revealed that the
resistivity of Mo/MoC thin films is approximately 5.09/5.53 uQ-cm, demonstrating conductive
performance comparable to copper interconnects. Annealing experiments at 450/550<C confirmed
their excellent thermal stability, with no significant interfacial diffusion observed. This study
demonstrates that Mo/MoC thin films, as a new generation of interconnect materials, can
effectively address the technical bottlenecks of copper interconnects in advanced manufacturing

processes, offering significant potential for practical applications.
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Bi-Se ovonic threshold switch selector and threshold voltage drift
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Selector devices play a critical role in large-scale storage arrays. Ovonic threshold switching
(OTS) devices are recognized as highly suitable memory elements due to their capacity to
suppress leakage currents while ensuring efficient and reliable operation. Nonetheless, threshold
voltage drift presents a significant challenge that can potentially compromise the reliability of data
read/write operations. Consequently, investigating OTS switches with low drift coefficients is of
considerable importance. In this study, a bismuth-selenium (Bi-Se) OTS device was fabricated
using magnetron sputtering. Testing demonstrated that when the bismuth-to-selenium ratio is 1:4,
the device exhibits an exceptionally low drift coefficient. The drift coefficients of devices
composed of BiiSes and BiiSes are measured at 30 mV/dec and 0 mV/dec, respectively. To
elucidate the underlying mechanisms that contribute to this low drift, we employed a combination
of physical characterization techniques alongside first-principles calculations for preliminary
analysis, and the threshold voltage is influenced by defect states, and the drift of the threshold

voltage may be associated with relaxation processes in the microstructure.
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Channel current noise analysis of silicon-based hano-MOSFETs
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In silicon-based nanoscale metal-oxide-semiconductor field-effect transistors (MOSFETS),
with the enhancement of short-channel and quantum effects, the characteristics of channel current
noise undergo notable changes. Two main aspects are observed: first, gate carrier tunneling
through the thin oxide barrier generates gate tunneling shot noise, which is suppressed by
Coulomb interaction and Fermi statistics; second, the cross-correlation noise between the induced
gate current and the drain current increases. Addressing this phenomenon, based on the structural
characteristics of silicon-based nano-MOSFETs, this study constructs a complete model
containing four key noise components: suppressed drain-source shot noise, suppressed gate
tunneling shot noise, short-channel-effect-modified thermal noise and cross-correlation noise.
Then, Monte Carlo simulation is further used to determine the channel current noise composition
of silicon-based nanoscale MOSFETs, and the evolution of the noise characteristics is
systematically investigated under different bias voltages, operating temperatures, and substrate
doping concentrations. The theoretical results are basically consistent with the simulated results,
and the channel noise increases with the increase of bias voltage. This achievement holds promise
for enhancing the operational efficiency, reliability, and lifetime of nanoscale small-sized

MOSFET devices.
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D06-P06
Optimal Stoichiometry and Performance Evolution in As-Se Based OTS Devices
EEHR
T ERNE R IR G 5 E BRI
Arsenic-selenium (As-Se) based ovonic threshold switching (OTS) devices are pivotal

building blocks for enabling practical non-volatile memory technologies. In this work, we
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investigate the performance evolution of As-Se OTS devices with varying As contents. A
non-monotonic trend is observed in device performance: the leakage current first decreases and
then increases with increasing As content, while the threshold voltage exhibits an opposite trend.
The device with 50% As demonstrates minimized leakage and superior endurance characteristics.
Molecular dynamics simulations reveal that at low As content, Se-Se homopolar bonds are
prevalent, but these bonds are significantly suppressed at the intermediate composition. At higher
As concentrations, As-Se heteropolar bonds decrease, while As-As bonds become dominant.
Coordination number analysis shows that the average coordination number at 50% As closely
approaches the ideal threshold of 2.4, indicating optimized network rigidity. Additionally,
electronic structure analysis shows that the bandgap is maximized at the 50% composition,
corresponding to significant contributions from both As and Se p-orbitals. These findings identify
the optimal As-Se stoichiometry for high-performance OTS devices and provide valuable insights

for material and device design.

D06-P07
3k i S ALY R A IR PR SRR FE AR R T
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D06-P08
Impact of Low-k Inner Spacers on GAAFET Capacitance and Channel Stress at Advanced
Nodes
25 P
o [ 2 e i L T AT 5T BT
As Gate All Around Field Effect Transistors (GAAFETS) scale toward advanced nodes, the

Inner Spacer plays a dual critical role. Its evolution toward lower dielectric constants (k values)
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reduces parasitic capacitance and improves RC delay, yet its material properties simultaneously
govern mechanical stress transfer from source/drain regions to the channel, directly influencing
carrier mobility. This work employs comprehensive technology computer aided design (TCAD)
simulations to investigate the trade-off between capacitive parasitics and stress engineered
performance in scaled GAAFETs. We analyze the impact of Inner Spacer k values and intrinsic
material properties, such as Young modulus, on total gate capacitance and longitudinal channel
stress profiles. Results demonstrate that while ultralow k Inner Spacer materials minimize
capacitance, they significantly degrade beneficial uniaxial compressive stress in PFET channels
and tensile stress in NFET channels, incurring performance penalties. This study quantifies these
critical dependencies and provides guidelines for optimizing Inner Spacer material selection to

maximize device performance at sub 3 nm nodes.

D06-P09
Study of Loading Effect of Cavity etching for Inner Spacer Module Process

=2
Hh [ 2 B i L AT 5 BT

In Gate-All-Around (GAA) process, the inner spacer is used to isolate the gate and the
source/drain to reduce parasitic capacitance. However, there are few reports on the development
details of this process. The module involves multiple new steps, among which cavity etching is
particularly critical and challenging. The depth of cavity etching determines the size of the inner
spacer and indirectly defines the effective gate length. It also affects the value of parasitic
capacitance and parasitic resistance. Meanwhile, in order to meet the demands of process, the
cavity etching requires extremely high precision control and high selectivity to Si. In this paper,
we study the cavity etching in dense arrays with small pitch (<100 nm) through experiments and
simulations. The simulation results show that there is loading effect on dense structures in cavity
etching at small size. This phenomenon is also verified in the experiment. In addition, we also
study the root cause of the loading effect and how to alleviate this effect in cavity etching of dense
array. We propose a multi-step etching method and it successfully reduce the loading effect. The
dense array structure studied in this paper is closer to the actual situation and is expected to

provide a reference for the industrial manufacturing of GAA devices.
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D06-PO01

Interfacial Investigation of Photosensitive Polyimide and Metallic Copper under
In Situ Transmission Electron Microscopy
FHE
BT RO

The interfacial stability between polymer-based macromolecular materials and metallic
components in advanced packaging architectures plays a critical role in enhancing chip reliability.
Current research on photosensitive polyimide/copper (PSPI/Cu) interfacial properties suffers from
insufficient empirical data due to significant material property disparities, nanoscale interfacial
dimensions, and methodological limitations, particularly regarding interfacial failure mechanisms
induced by ionic migration. Therefore, the research on the performance of the PSPI/Cu interface is
of great significance. Utilizing in-situ heating transmission electron microscopy (TEM), we
dynamically monitored the nucleation and migration behavior of nanoparticles at the PSPI/Cu
interface with atomic-scale resolution. Experimental observations revealed the nanoparticle
evolution process: initial nucleation distant from the interface, subsequent thermal growth, and
final stabilization as discrete spherical particles (average diameter approximately 10 nm).
Mechanistic analysis indicates that nanoparticle formation originates from two synergistic factors:
(1) chemical interaction between hydroxyl ions (OH") from the polyimide precursor solution and
copper substrate during imidization, and (2) oxygen permeation through the PSPI matrix, which
facilitates copper oxidation and subsequent nanoparticle coarsening. These phenomena ultimately
lead to interfacial void formation and mechanical decohesion. The findings establish a theoretical
framework for optimizing photosensitive polyimide formulations and process parameters, offering
critical guidance for enhancing thermal stability in the redistribution layer (RDL) technologies for

next-generation advanced packaging applications.

D06-PO02
Research on the Mechanical Properties of Thermal Interface Materials at the Microscale
BEF A
RINSEHE R 7 ARHE bR G0 HTIE TR
In advanced packaging, thermal interface materials (TIMs) effectively fill irregular gaps
between chips and heat sinks caused by surface roughness, establishing continuous thermal
conduction networks at solid-solid contact interfaces to enhance the heat dissipation efficiency of

packaging systems. As a critical material in advanced packaging systems, the synergistic
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optimization of their mechanical properties and thermal conductive characteristics is pivotal for
improving device reliability. Current studies predominantly evaluate material performance through
macroscopic mechanical parameters, while systematic investigations on the fundamental
microscopic fracture mechanisms governing mechanical behavior and their intrinsic correlations
with macroscopic properties remain insufficient. To address this, this study fabricated alumina
(AL20s)-filled TIMs with filler loadings of 70 wt%, 80 wt%, and 90 wt%, respectively. In-situ
scanning electron microscopy (SEM) was employed to monitor real-time microstructural
evolution under mechanical loading while synchronously acquiring micron-scale mechanical
response curves. The influence mechanism of filler content on the micromechanical behavior of
composites was systematically investigated, with particular emphasis on structure-property
relationships between microstructural characteristics and macroscopic mechanical performance.
Experimental results demonstrated that as Al.Os content increased from 70% to 90%, the fracture
elongation exhibited a nonlinear decreasing trend, with the 80 wi% composite showing optimal
comprehensive mechanical properties (392% elongation at break, 0.93 MPa tensile strength, and
1.50 MPa elastic modulus). Microstructural analysis revealed that the medium-filled system (80
wt%) developed uniform and dense microcrack networks during stretching, whereas
low/high-filled systems (70 wt%, 90 wt%) generated stress-concentrated crazing that initiated
crack propagation. This study elucidates the structure-property relationship between microscopic
fracture mechanisms and macroscopic mechanical responses in highly filled polymer composites,

providing theoretical guidance for developing high-reliability TIMs.

D06-PO03
Enhancing Transmission and coupling Efficiency in Cassegrain
Optical Systems with Four-Petal Gaussian Beams
W
TR A

This study investigates the propagation characteristics of four-petal Gaussian beams through
Cassegrain optical system. With the properties of this new type of beam, the problem of masking
loss in the Cassegrain optical system can be well solved. Analytical expressions of the optical
field for beams after propagating the optical system are derived, considering atmospheric
turbulence effects and random jitter on coupling efficiency. Simulation tests explore various
factors affecting transmission efficiency. Acceptable axial mounting error tolerance and significant
efficiency drops beyond specific communication distances under different turbulence conditions

(C_n”2). Achieving over 80% coupling efficiency is feasible with specific lens parameters
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(f=0.4-0.5 mm, receiving position after 4 km) using standardized lenses. This work offers a
theoretical model for four-petal Gaussian beams, aiding optical communication design and

application, with practical engineering implications.

D06-PO04

Study on Interfacial Mechanical Properties between Advanced Packaging Material

Photosensitive Polyimide and Copper Metal
KE T
RPN

In the field of integrated circuits, as the physical limits of Moore's Law approach, advanced
packaging technologies are increasingly becoming a key and effective driving force for enhancing
integrated circuit performance in the post-Moore era. However, the interfacial stability of
advanced packaging materials, represented by photosensitive polyimide (PSPI), directly
determines the reliability of chips and devices within integrated circuits. Since the thickness of
PSPI films prepared by spin-coating processes is typically controlled on the order of 10 pm or
even lower, research on the interfacial stress distribution and molecular-level interfacial bonding
mechanisms at the heterointerface formed between PSPI and copper metal at the sub-micron scale
faces significant challenges compared to the characterization of traditional macroscopic material
properties. Based on this, a study was conducted on the mechanical response mechanism of the
photosensitive polyimide/copper metal heterointerface under external loading. An in situ
experimental platform was employed to observe the interfacial fracture failure process in real-time,
revealing the dynamic evolution of interfacial delamination failure under load. The high-resolution
imaging mode of Atomic Force Microscopy (AFM) was utilized to characterize the surface
morphology and interfacial diffusion layer features within the interfacial region. Simultaneously,
nanoindentation technology was combined to obtain the gradient distribution of the elastic
modulus in the interfacial transition zone between photosensitive polyimide and copper metal.
Through in situ testing, AFM characterization, and nanoindentation techniques, the mechanical
response mechanism at the PSPI/copper metal interface was characterized, and its interfacial
failure mechanism was revealed. By comparing sample data under different processing conditions,
this work provides a scientific and effective theoretical basis for the optimization of advanced

packaging materials and process improvements.
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