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Chang, Liu-wen

DEVELOPING A NOVEL METHOD TO CHARACTERIZE
CRYSTALLINITY OF EPILAYERS GROWN ON
POLYCRYSTALLINE SUBSTRATES USING

ELECTRON BACKSCATTER DIFFRACTION

(EBSD) TECHNIQUE
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Introduction

High-resolution X-ray diffraction (HR-XRD) and transmission electron
microscopy (TEM) techniques have long been used to analyze crystallinity and
defects of epilayers grown on single-crystal substrates.

Recently, a combinatorial substrate approach using polycrystalline substrates
was proposed for high throughput research of epitaxy. The HR-XRD technique,
however, cannot be used to analyze the epilayers on polycrystalline
substratesanymore, whereas the TEM technique is time consuming. This study
therefore aims at developing alternative techniques based on scanning electron
microscopy (SEM). Electron backscatter diffraction (EBSD) is a SEM based
technique which provide crystal structure/orientation information of the
samples. The angular resolution of EBSD is however not high enough for
epitaxial analysis.

Recently, a couple of methods using post-treatment to improve the angular
resolution have been proposed. Moreover, the channeling imaging technology
can further provide the information of the grown-in defects.

Accordingly, the integration of techniques mentioned above can provide an
effective way for the characterization of epilayers.

Hormal incident mode

l_l_l

COMBINATORIAL SUBSTRATE APPROACH FOR EPITAXY

ELECTRON CHANNELING PATTERN (ECP) & ELECTRON CHANNELING CONTRAST IMAGING (ECCI)
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MATERIALS & METHODS
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Conclusion

This study has developed technique for acquiring ECP and ECCI in SEM. The density of threading dislocations in a GaN
epilayer was estimated directly from the ECCI. The strain field around the dislocations was also quantified using the weight
Burgers vector method based on orientation data collected from EBSD. In addition, a (0001) ZnO epilayer grown on (103)

Cu substrate was analyzed by EBSD. The EBSD data was post-treated by the CrossCourt software and the relative rotation
and elastic strain were calculated accordingly. The growth behavior of the ZnO crystals can be well-explained by the
rotation/strain data derived. The present results demonstrate that the SEM-based techniques can be a good alternative for
epilayer analysis.
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ENGINEERED BIOMIMETIC TISSUES
FOR EVALUATION OF CANGER DRUG
TREATMENT MODELS
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Cancer remains a significant global health challenge, necessitating the
= e development of effective drug therapies. However, the evaluation of

Ly -
Yi-chiu ng Hsu FE18 anticancer drugs requires accurate and reliable models. To address this,

Department of Biomedical Sciences and we employ engineering biomimetic tissues as a platform for assessing
Engineering, the efficacy and toxicity of cancer drug treatments.
National Central University, Taiwan
The construction of biomimetic tissues involves embedding cancer cells
Email: syic@ncu.edu.tw within a three-dimensional scaffold that mimics the physiological
This study is supported by Materils Analysis Technology Inc characteristics of natqral tis;ues, thus C(eating a c‘rucia‘l environment for
under contract 2022-T-002. tumor development, including cell proliferation, invasion, and response
to treatment.

*The confocal experiments and image data analysis of this
study were conducted in collaboration with Dr. Ming-You Shie.

To assess the effectiveness of cancer drug therapies, we combine genetic
analysis techniques to provide mechanistic insights into drug responses,
serving as a preclinical model for evaluating cancer drug treatments.

With this innovative approach, we hope to advance our understanding
of cancer treatment efficacy, paving the way for developing more
targeted and efficient therapies to combat this global health challenge.

Conclusion

The study utilized cell-derived spheroids on a model to investigate the toxicity of chemotherapy drugs. The comparison was
made between 2D and 3D models to evaluate their respective responses to the treatment. Our results revealed that the 3D model
exhibited higher resistance to the chemotherapy drugs than the 2D model.

In our study, we observed that the 3D cell-derived spheroids displayed increased resistance to the chemotherapy drugs,

doxorubicin, and taxol, as compared to the 2D monolayer cultures. This finding aligns with previous research highlighting the
enhanced drug resistance exhibited by cells in 3D models. The 3D spheroids may provide protective niches for tumor cells,
leading to reduced drug accessibility and impaired drug efficacy.




AM MATERIAL ANALYSIS
° TECHNOLOGY INC.

RESULTS

.\1 “h [4" .- il
'-__J_._ — _— E “"-\-\,
‘:"'il' - TAN. .I.nI —l 8 } A B
-.-.I 'l.. rsar cymaed A0 mi e et el sl ey - "'i
p o
'-I- - =y r-'”
150 ; ) ’ =
=

FIGURE?. SCHEMATIC OF THE FABRICATION PROCESS AND USE OF THE DEVELOPED TUMOR SPHEROID MODELTO  FIGURE 2. CHARACTERIZATION OF 3D SCAFFOLDS. (A) SEM IMAGES OF 3D SCAFFOLDS & (B) 3D CULTURED CELLS.
PREDICT THE OPTIMAL CHEMOTHERAPY DRUG.
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FIGURE 3. CELL-DERIVED SPHEROIDS ON A MODEL ARE USED TO ASSESS THE TOXICITY OF CHEMOTHERAPY DRUGS. THE MODEL IS TREATED WITH DOXORUBICIN, AND
TAXOLFOR 2 DAYS. (ACELLVIABILITY IS DETERMINED USING THE PRESTOBLUE® REAGENT.CELL MODEL STAINING WITH LIVE/DEAD KIT IN(B) 2D AND (C) 3D CELL

_ . MATERIALS & METHODS

All cells were cultured in their respective appropriate medium. After gelation, the culture medium with endothelial cells was added to
the wells by the third cartridge. Each culture medium was changed every 2 or 3 days.

Scanning electron microscopy

Observing samples of 3D scaffolds using a Scanning Electron Microscope (SEM) such as the Hitachi SU3500 can provide valuable
insights into the structure, and morphology (MA-tek ).

Live/dead analysis

Assessment of the survival and growth of HC in hydrogels using a Live/Dead Kit following the manufacturer’s instructions.

RNA-Seq Data Analysis
Total RNA was extracted from clinical tissue samples, tissue-derived cells, and tissue-derived spheroid using a NucleoSpinRNA Kit.

Functional Enrichment Analysis
Canonical pathways analysis found by core analysis in IPA are given with a p-value.

Discussion

Our study provides valuable insights into the differential responses of 2D and 3D models to chemotherapy drugs, as well as the
association between RNAseqg-based gene expression profiles and drug sensitivity in tumor cells. The utilization of 3D cell models
and RNAeq analysis opens up new avenues for research and drug development in the context of cancer treatment. Further
exploration of the identified gene signatures and pathways may pave the way for personalized therapeutic approaches to
overcome drug resistance and improve clinical outcomes for cancer patients.
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THE DEVELOPMENT OF DOUBLE
DIELECTRIC UV GaN-BASED VGSEL

&3l I 66aN VOSEL Z i R

Abstract

This project consists of two parts. The first part is to use the simulation software
(COMSOL) to investigate the optical reflectivity of distributed Bragg reflectors
(distributed brag reflectors, DBRs) composed of different dielectric
combinations. The second part is to fabricate optically pumped vertical-cavity
surface-emitting lasers (vertical-cavity surface-emitting lasers, VCSELs) with
double dielectric DBRs from the ultraviolet (UVA) laser structure grown on the
gallium nitride substrate, and measure its optical properties.

In the first part of DBRs simulation using COMSOL software, the substrate surface
is defaulted as the discontinuity boundary condition of the material, and
multiple layers of repeated and alternating thin films are added on the substrate
as the structure of DBRs for analysis. The simulation results show that under the
condition of fewer pairs of DBRs (5 layers), using aluminum oxide (sapphire) as
the substrate will improve the reflectivity compared to silicon (Si) substrate.

In addition, since the defect density will greatly affect the laser characteristics,
the second part of this project will directly use the epitaxy wafers of ultraviolet
laser structure grown on the gallium nitride substrate to obtain a high-quality
light-emitting layer. The double dielectric DBRs optically pumped UVA VCSEL is
fabricated based on the simulation results of the first part.

In COMSOL simulation, compared with silicon substrates, sapphire substrates can tolerate fewer pairs to achieve high reflectivity,
but the heat dissipation effect is poor. Besides, considering the bandwidth, this research adopts the DBR of TiO,/SiO, structure
for experiments. In the beginning, 4 pairs AZO/ITO were sputtered on Si substrate and show about only 30% reflectivity, It may be
caused by the incomplete structure as seen in the TEM and EDS image.
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RESUI—TS UV GaN-based epitaxy wafer
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TABLE 1THE CALCULATION OF REFLECTIVITY OF DBRS.
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Materials | substrate ng Ny n P R < Si(100)
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Structure Design MATERIALS & METHODS
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Discussion

Compared with the silicon substrate, the sapphire substrate can allow fewer pairs to achieve high reflectivity.

It is necessary to achieve a reflectivity above 90%, AZO/ITO DBR requires up to 85 layers of coating. Even if AZO/ITO
reaches about 30 pairs, the bandwidth is still smaller than the combination of SiO,/TiO,.

4 pairs AZO/ITO were sputtered on Si substrate and show about only 30% reflectivity, It may be caused by the incomplete
structure as seen in the TEM and EDS image.
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DEVELOPMENT OF NEW
LOW-TEMPERATURE SOLDER AND ITS
RELIABILITY EVALUATION
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u-cnen Liu
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Department of Mechanical Engineering, ZIRR\BER AR ZIZE R EE @ RERRAE (Thermal  cycling  test,
National Cheng Kung University, Taiwan TCT)~ 247785 (Thermal storage test, TST) ~BJ4JJ38EE (Shear strength) I
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Email: ycliu19@gs.ncku.edu.tw
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MING YU LI ETAL., 2008, IEEE TRANSACTIONS ON ADVANCED PACKAGING 31(2):399 - 403

Conclusion

In this study, we proposed the designed Sn-Bi-In alloy with several benefits.

Sn-Bi-In has lower Tm compared to Sn-58Bi, allows lower reflow processing. Additionally, it has smaller contact angle
indicates better wettability.

Sn-Bi-In solder has good ductility with adequate strength in as-cast conditions. The performance of solder is even better
after thermally aged at 80 OC for 504 h.
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Introduction

Wen-shi Lee ZE3EE . X
EBREFETFMA NRTIEEN TR BRENEEEUNIREFIBLERE

Department of Electrical Engineering, BRI LURFRIBIESI ) « IREVEER MSWERRME TR NEY
National Cheng Kung University, Taiwan I GRPE EE It Pk By E h—FE SRR 2 — 4 f4 kL o
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NANOSECOND LASER ANNEALING BASED WAKE-UP
OF FERROELECTRIC HfZr0, CAPACITORS FOR BEOL
COMPATIBLE AND HIGH THROUGHPUT FERAM
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Abstract

Minimizing thermal budget and eliminating wake-up procedure to keep
high remnant polarization (Pr) characteristics are the critical issues for
ferroelectric RAM (Random access memory).

For former, the Rapid Thermal Anneal (RTA) temperature of ferroelectric
HfZrO, (HZO) crystallization already meets Back End of Line (BEOL)
requirement (<400°C). For latter, the mass production is a challenge of
wake-up by E-field cycling, which imposes individual device step by step.
Recently, several studies on process-based wake-up free are reported such
as PEALD (plasma-enhanced ALD), optimized orientation for TiN electrode,
NH, treatment, etc.

The nanosecond laser annealing (NLA) is proposed for wake-up and made
comparison with general E-field cycling on crystallized HZO. This method
benefits for improvement the throughput and feasibility, as well as low
temperature process to meet the requirement of BEOL. In this project, the
insight of the wake-up and fatigue have been studied by MA-TeK
supporting.

Nanosecond Laser annealing is proposed to wake up a pristine ferroelectric capacitor and make comparison with

conventional E-field cycling.

Nanosecond Laser annealing has advantages of high throughput and low thermal budgets, and is compatible with

back-end-of-line (BEOL) process.

The insight of wake-up and fatigue have been studied through STEM HAADF, NBD, GIXRD, and GPA.

The o-phase enhancement of NLA-based FeRAM after NLA is validated.
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FIGURE. SCHEMATIC DIAGRAM OF WAKE-UP BY E-FIELD CYCLING AND NANOSECOND
LASER ANNEALING (NLA). THE ADVANTAGES OF NLA ARE HIGH THROUGHPUT AND LOW

TEMPERATURE FOR BEOL COMPATIBLE.
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FIGURE2. CALCULATED TEMPERATURE
DISTRIBUTION OF THE MFM CAPACITOR WITH
NLA 140 MJ/CM2. THIS INDICATES THE NLA
PROCESS APPLICABLE FOR BEOL.

FIGURE3. (A) P-V & (B) C-V CHARACTERISTICS OF PRISTINE, E-FIELD CYCLING, AND NLA.
THESE INDICATE THAT BOTH E-FIELD CYCLING AND NLA CAN INDUCE ORTHORHOMBIC
PHASE FORMATION.
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FIGURE 7. GIXRD ANALYSIS OF PRISTINE
AND NLA. THIS INDICATES 0/T PHASE
INCREASING WITH NARROWING FULL WIDTH
AT HALF MAXIMUM (FWHM) AT THE PEAK
AROUND 30° -31° .
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PROCESS STUDY OF GATE STACK FOR
ADVANCED SIGE AND Ge MOS AND FIN-FET
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Introduction
Kuei-shu Chang-Liao REZ & With the development of Moore's Law, germanium with high carrier
mobility has been regarded as one of the highest potential solutions to
Department of Engineering and System speed up the technology node. However, the germanium material still has
Science, some issues to be overcome.

National Tsing Hua University, Taiwan

Germanium has, poor interface quality and insufficient thermal stability

Email: lksch .nthu.edu. . . ; . o . .
mail: lkschang@ess.nthu.edu.tw which may result in degradation of device characteristics. In this project,

This study is supported by Materials Analysis Technology Inc. some novel process techniques are proposed to improve the
under contract 2022--007. characteristics of Ge CMOS FinFET, such as post-plasma, and supercritical
*This study also received supports from TSRI, and NSTC . fluid oxidation treatments. The interface layer in gate stack is subjected to

a post-plasma nitridation (PPN) and oxidation (PPO) treatment to suppress
the formation GeOX and eliminate interface defects. The interface layer in
gate dielectric layer is passivated by a supercritical fluid (SCF) process.
Thanks to the reduced oxygen vacancy content and low oxidation state,
the overall quality of gate stack can be optimized.

For the future study, a vacuum annealing process, which can attract
interface defects upward to the boundary, may assist the subsequent
low-temperature post-oxidation process. Defects can be more effectively
minimized, such as passivation of the gate stack, suppression of the
thickness increase of the interface layers, and reduction of oxygen
vacancies.

Conclusion

With analysis(XPS), both PPO+SCF and PPNO+SCF samples reduce the oxygen vacancy value.
The PPNO+SCF sample shows better CV and dispersion characteristics and a EOT of 0.67 nm.
The Jg of the device with PPNO+SCF is similar and shows lower Dit of p-sub Ge MOS device.

Device with PPNO+SCF exhibits a S.S. of 105 mV/dec, a on/off current ratio of 5.57 order.

After the FN stress reliability test, the degradation of electrical properties in PPNO+SCF sample is minor.
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Ge n-FINFET with in-situ plasma in ALD
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A very small content of oxygen vacancy is obtained with a PPNO+SCF treatment.

Both PPO and SCF treatment can effectively reduce oxide vacancy.

The oxygen vacancy decreases from 25

The Dit values in PPN+PPO sample are the lowest.

The variance of data for all samples is quite small.

% 10 9.5%, showing more than 2.5 times.

The lowest S.S. value of 104 mV/dec and best reliability are achieved with PPN+PPO.
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INTEGRATING ADVANCED PROCESS AND MATERIAL ANALYSIS
TECHNOLOGY TO IMPLEMENT
HIGH-PERFORMANCE/HIGH-RELIABILITY FERROELECTRIC
MEMORY BASED ON P-TYPE OXIDE SEMICONDUCTOR

B GEREBEME RIS RERP
ﬁ!’ls:E:d EYFERE 7 EMEE/ SR EEEE
e =

Introduction

To address the demand of enabling both training and inference tasks in the
edge accelerators for Al applications, it has become essential to explore new
memory technologies and monolithic 3D integration. These advancements
aim to embed dense memory into the edge accelerator while directly
implementing  In-Memory-Computing (IMC) beyond conventional
von-Neumann architecture.

HfO,-based ferroelectric field effect transistors (FeFETSs) is promising for IMC
applications. To implement monolithic 3D chips, developing BEOL compatible
oxide semiconductor as the channel material for memory circuits is
indispensable. Currently, all related researches have been limited to n-type
oxide semiconductors such as IGZO, IWO, or ZnO as channel materials, with a
lack of investigation into p-type oxide semiconductors.

The objective of this project is to develop p-type oxide semiconductor SnO as
the channel for HfZrO, (HZO)-based p-FeFETs. This not only provides another
potential option for monolithic 3D chip technology but also allows for the
integration of more diverse circuit functions with n-FeFETs.

Various processes conditions were extensively explored to develop p-type SnO oxide semiconductor for HZO-based ferroelectric
memory and the optimal condition has been confirmed by physical analyses. Additional Al,O, has been introduced between SnO
and HZO to alleviate Zr and Sn inter-diffusion. With the best process conditions, the FE capacitors show the highest P, most
robust endurance up to 108 cycles, FTJ memory with high ON/Off ratio and good retention. The research results pave another

avenue to implement monolithic 3D memory.
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RESULTS
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Discussion

The optimal process conditions to form p-type SnO oxide semiconductor are obtained by PVD deposition using Sn target under
25 W with subsequent 250 °C annealing in N, ambient which is evidenced by Raman spectroscopy and GIXRD analysis. With
additional ALO, interlayer between HZO and SnO, inter-diffusion of Zr and Sn can be alleviated which is confirmed by EDX
analysis. The optimal process condition also makes the highest P (~10 uC/cm?) for FE capacitors and the higher P, at negative
bias attests to the p-type nature of the film due to accumulation effect. The devices show endurance up to 10° cycles, FTJ

memory with high ON/OFF ratio (~100) and desirable retention as well, opening up a new opportunity for memory application.
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Catalyst Design Rules

DENSITY FUNCTIONAL THEORY
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CONFIGURATIONS.
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Summary

single nanoparticle reactor (SNR) comprising TiO, supported metal / metal oxide nanoparticle (NPs) and atomic cluster
decoration are developed in this project.

(Ni- Fe) decorated SNR, the CH, production yield and selectivity are respectively improved by ~90% and 15% by decorating
5 wt% of Fe in the Ni@TiO, surface.

The NiFe-5 is a TiO, supported NiFeOx NPs with high contents of oxygen vacancy in mix oxide. In-situ XAS results
elucidate that the improvement is attributed to the collaboration between OV and the neighboring Fe, Ni atoms. An
exceptional stability in the thermal cycle test is demonstrated due to the facilitated redox kinetics.
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ENHANCING THE RELIABILITY OF MICRO-BUMPS AND
. BGABUMPS BY NOVEL UBM ALLOY
- g DESIGN WITH THE ADDITION OF Ni AND Zn
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xi Introduction

Jeng-gong Duh #tIE#%

For the advanced 2.5D/3D IC applications, the IMCs suppression and phase

Department of Materials Science and stability should be emphasized. With a reduced size of micro-bumps, the IMCs
Engineering, would occupy a high volume fraction of the joints during the reflow process or
National Tsing Hua University, Taiwan operation. A high volume fraction of IMCs and excessive phase transition could

induce internal stress and voids, which might be adverse to reliability of

Email: jgd@mx.nthu.edu.tw interconnection.

R hT :
esearch feam The addition of Ni and Zn was reported to enhance the phase stability of hexagonal

Yin-ku Lee, Zih-yu Wu, Pin-wei Huang, n-CuSn,, which inhibited the volume change caused by phase transition and
Chen-sung Zhou internal stress. Moreover, the grain refinement strengthening also achieved by the
addition of Ni and Zn. The Cu,Sn phase was accompanied with formation of

This study is supported by Materials Analysis Technology R A A A
I 099 2011 Kirkendall voids, and it can be also suppressed by element doping.

*This study also received supports ffom NSTC. For the BGA joints, low-temperature solder is important for the reduction of
warpage. Sn-58Bi is one of most popular low-temperature solder. However it was
criticized for its brittleness. The different solubility of Bi in Cu,Sn, and Cu,Sn leads
the Bi segregation between the Cu,Sn layer and UBM. Co-addition of Ni and Zn in
UBM was expected to inhibit the Cu,Sn completely and suppressed IMCs formation
considerably.

Conclusion

The orbital interaction of Cu—Zn is much stronger than that between Cu—Cu, which retards the Cu dissolving from the
Cu—Zn based substrate into solder to form the IMCs.

The co-addition of Ni and Zn retarded the formation of Cu3Sn phase, which also inhibited the volume shrinkage , internal
stress and void formation.

The findings in this work is expected to enhance the reliability of joints under long-term operation.




AM. MATERIAL ANALYSIS
® TECHNOLOGY INC.

RESULTS

o ‘-u . - - . L " i
A nh ; | e e

FIGURET. BEI OF (A )Cu/$n-3.5Ag/Cu, (B) Cu/Sn-3.5Ag/Ni, AND (C) Cu-15Zn/Sn-3.5Ag/Ni (REFLOWED AT
260°C FOR 300 SECONDS)
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FIGURE3. ELEMENTAL MAPPING OF Cu-15Zn/Sn-3.5Ag/Ni SAMPLES AND THE OBSERVATION OF ZINC-RICH FIG.6 ELEMENTAL MAPPING OF Sn-58Bi/Cu, AND Sn-58Bi/Cu-26Zn-18Ni AFTER ISOTHERMAL AGING AT
LAYER BY TEM/EDS 150°C FOR 1000 HOURS BY TEM/EDS.

Materials & Methods Discussions

The Cu15Zn/Sn-3.5Ag/Ni micro- bumps formed a Zinc-rich The addition of Ni layer and Cu-Zn substrates modified
phase in cluster and layer shape around the Cu-Zn the grain texture and grain size significantly, which was
substrates. expected to enhance the mechanical reliability of
The Sn-Bi/Cu-26Zn-18Ni exhibited a considerable IMCs sub-micro solder joints.

suppression effect, which was due to the formation of the The IMCs thickness in Sn-58Bi/Cu-26Zn-18Ni joints was

Zinc-rich phase. only 1/3 of that in Sn-58Bi/Cu joints after 1000 hours of

The as-mentioned Zinc-rich phase was hard to identify by thermal aging, which is favorable for the reliability under

EPMA due to the limitation of spatial resolution long-term operation.

The FIB processing with TEM/EDS service by MA-tek The co-addition of Ni and Zn enhances the phase

provides strong assistance for this work. stability of hexagonal n-Cu,Sn,. The phase transition to
Cu,Sn phase was inhibited in micro-bumps or BGA joints 99
in this work
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DEVELOPMENT AND PERFORMANCE
VERIFICATION OF MICRO PIEZOELECTRIC
TRANSDUCERS TESTING TECHNOLOGY
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Chiu, Po-wen

GATE DIELECTRICS INTERFAGE FOR
2D FETS BEYOND N1.5
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Introduction

In recent years, a newly emergent 2D material of Bismuth Oxyselenide
(Bi202Se) has garnered great attention due to its high electron mobility

Po-wen Chiu EffEX and intriguing native oxide which possesses high-quality dielectric

interface. This new 2D semiconductor asserts its supremacy over alternate
Department of Electrical Engineering, 2D materials. Here, we present synthesis of Bi,0,Se and its oxide form
National Tsing Hua University, Taiwan B-Bi,Se0; with a dielectric constant of ~20. The oxidation is achieved

through a UV-assisted intercalative oxidation of the Bi202Se

Email: pwchiu@ee.nthu.edu.tw semiconductor.

Research Team:
In a bid to showcase the scalability prowess of Bi,SeO; in the capacity of

Yu-Shan Wu, Chuan-kuan Wang, Hsing-Chien Chien, gate dielectrics, we meticulously engineer top-gated Bi,0,Se FETs, wherein

Yueh-Chiang Yang the pivotal role of gate oxide is impeccably undertaken by Bi,SeO,. Evident

This study i . 4 in the device metrics are lon/loff ratio of over 107 and field-effect mobility
y is supported by Materials Analysis Technology Inc. under . .

contract 2022-T-013, measuring over 1347 cm? /Vs, a subthreshold swing of less than 148

mV/dec, and a conspicuously high breakdown voltage exceeding 107

*This study also received supports from NSTC.

V/cm.

Intrinsic to the device architecture are noteworthy parameters such as
extra-low gate leakage, and the overall interface trap density Dit, which
approximates ~10" 1/cm2eV. These metrics collectively serve as
fundamental benchmarks, holding pertinence for the evaluation of
emergent technologies in a broader context.

Conclusion

The presented 2D Bi,0,Se field-effect transistor with epitaxial high-k Bi2SeQ5 dielectric satisfy the most stringent requirements
for future advanced transistors, including atomically flat gate interface, high carrier mobility, and high drive current density. The
high carrier mobility is attributed to high quality single crystalline Bi,0,Se, low metal contact resistivity, low interface defects,
and a high-quality native oxide layer. With further optimization to achieve precisely site-specific growth of high-density 2D oxide

heterostructure arrays on industrial-compatible dielectric substrates will enable further transistor scaling and could extend
Moore’s law.
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Structural Properties of Bi,0,Se

Bi,0,Se IS A SINGLE-CRYSTALLINE LAYER MATERIAL WITH TETRAGONAL CRYSTAL STRUCTURE
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technology and application:
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Methods

Bi,SeO s

Bi,0,Se

We use UV-assisted oxidation at 150°C to synthesize a uniform high-k single-crystalline native oxide Bi,SeO, on the

high-mobility 2D semiconducting Bi,0,Se.

Low-frequency noise measurement is applied to measure total interface trap density D, between the oxide and

semiconductor.

Etching of the contact area with argon ion source was performed before metal deposition to increase carrier injection.
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WU, YewChung Sermon

ANALYSIS OF SURFACE DAMAGE LAYER AND
ITS IMPACT ON 4H-SIC EPITAXIAL LAYER BY
USING HIGH-RESOLUTION EBSD

LAHR-EBSD# SiC& /R migas
[EBEA¥AH-SICE R &

Introduction
YewChung Sermon Wu
Symen & SICHUEBREE M1t > S R E T EH I BBREF JEER B Z TR RESNEHE
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National Yang Ming Chiao Tung University, HERpAIEES BRER-
Taiwan EBSD EEERASE > iR R @i K- E A EI kernel average misorientation

(KAM) By 375 - ERRINSICRE LR SICIE - AR ESICEREHESICRR
Email: sermonwu@nycu.edu.tw REIEEEBHENRI{Z

Research Team:

Tsan Feng Lu, Hong Jun Huang ﬁ_ y e r

This study is supported by Materials Analysis Technology

Inc. under contract 2022-T-014. ok s -
Reference: a— . _ s
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RESULTS

r
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INTERFACIAL ANALYSIS OF
ULTRA-HIGH-DENSITY INTERCONNECTS

At fUESEREHRZ TES AT

Introduction

Lead (Pb) free solder has been widely used as bonding material in
microelectronics packaging known as transient liquid phase diffusion
bonding (TLPDB) for the last few decades due to its excellent reliability,

Chih Chen &% process cost, and form factors. To increase the performance of transistors, a
A A larger amount of inputs/outputs (1/0s) is needed, known as Moore’ s law.
Ere\pi?]r;g?nnt of Materials Science and Thus, the dimension of I/0s must be significantly decreased. In addition,
Nagt]ional Y%'ng Ming Chiao Tung University, solder microbumps have intrinsic issues such as side wall wetting, brittle
Taiwan ' intermetallic compouds, and bridging, eventually resulting in circuit failures.
Email: chihchen@nycu.edu.tw Recently, the potential in scaling with excellent electrical properties of Cu-Cu
bonding has been revealed. Furthermore, filling the molding compound into
Research Team: the gaps between Cu joints to prevent further oxidation has become a great
e s challenge. Currently, metal/dielectric hybrid bonding could be one of the best
e el solutions to fabricated ultra-high-density I/0 devices with excellent bonding
This study is supported by Materials Analysis Technology strength and electrical properties. However, defects (voids) in the bonding
Inc. under contract 2022-T-015. interface are unavoidable due to the atomic diffusion in metals. It has been

reported that the electrical resistance of devices is highly related to interfacial
voids. Thus, interfacial analyzing tools for void observation at the bonding
interface are crucial. In this study, we demonstrate a continuous etching
quasi-in situ observation using a focused ion beam (FIB), scanning electron
microscope (SEM), and electron backscattered diffraction (EBSD). Results
show reliable data of void quantization and variation in size and distribution
at the bonding interface.

Conclusion

Cut-&view FIB and EBSD have been successful performed in fine-pitch Cu/SiO, hybrid joints. Voids that formed at the bonding
interface can be effectively quantized in a bigger observation area.

The crystal orientation of the whole Cu joint can be observed and thus the particular orientation ratio and grain size
distribution can be obtained.
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METHODS

The target structure was etched using FIB parallel for the interfacial void observation and perpendicular to the bonding interface
for the crystal orientation observation. The etching direction illustrated in Figure 1.

Etching direction

/ Bonding interface
=

-
Etching direction

Bonding interface
Interfacial voids

FIGURE 1. SCHEMATICS OF CUT & VIEW TECHNIQUES FOR (A)INTERFACIAL VOIDS AND (BJCRYSTAL ORIENTATION OBSERVATION.

L RESULTS

L]
I Cut B Wew = TEM
Lt
(15
FIGURE 2. ELECTRON IMAGES OF (AJOVERVIEW STRUCTURE, (BINEARBY, (CIAT, AND (DJBEYOND =
THE BONDING INTERFACE. CU TRACE APPEARED AFTER ETCHING FOUND IN (EJAND (F). i II
"

LA f{.ﬁi* -H‘f-r*'?ﬁ"? Js'-‘?

FIGURE 4 INTERFACIAL VOIDS ANALYSIS COMPARISONS WITH CUT & VIEW TECHNIQUES AND
TEM.
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FIGURE 3 (A~D)THE INVERSED POLE FIGURE OF THE WHOLE JOINT STRUCTURE AND
(E~F)CORRESPONDING MICROSTRUCTURE OBSERVATION AT THE SAME PLACE.

Discussions

Figure 2(a) shows the overview of the etched structure using the Cut and View technique for voids distribution calculation. The
images captured nearby, at, and beyond the bonding interface are shown in Figure 2(b), (c) and (d) while the Cu trace appeared after
etching found in Figure 2(e), (f). The voids at the bonding interface can be clearly observed and further calculated the distribution
and the total area of the voids by using image J. We compare the results with the TEM analysis and found that by using Cut & view
techniques, it is relatively lower cost and time-consuming during sample preparation. Furthermore, a larger observation area can
also be provided compared to TEM analysis. Unlike TEM, voids at 0~10 nm in diameter are hardly observed by cut & view technique.
However, it is more sensitive to the bigger voids with a diameter of 90~150 nm which TEM couldn’t which shown in Figure 4.

Furthermore, cross-sectional cut and view EBSD analysis was carried out and thus we are able to observe the crystal orientation for
almost the whole structure in a cross-sectional direction. Figure 3(a~d) illustrates the inversed pole figure of the whole joint
structure while Figure 3(e~h) shows the corresponding microstructure observation at the same place. As the value was calculated
by using OIM (orientation imaging microscopy), we found the average grain size is around ~400 nm and the (111) ratio reached 80%.
Therefore, this could further explain the contribution of the Cu with highly 111 oriented in low-temperature bonding.
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hao, Tien-sheng

Fabrication of Bilayer Stacked
Antiferroelectric/Ferroelectric Hf Zr._ 0, FeRAM and FeFET
with Improved Leakage Current and Robust Reliability by
Modifying Atomic Layer Deposition Temperatures

EIBRE R T EIERE
RELEHEREE/HEERE
Ll &R E A IgiE ] 5e 2 Al

£
Tien-sheng Chao #X4% Introduction
Department of Electrophysics, Ferroelectric (FE) materials with hafnium-based have attracted attention in
#‘:_“Oa’:]a' Yang Ming Chiao Tung University, recent years owing to their complementary metal—oxide—semiconductor
W

compatibility. Applications of ferroelectric materials have been reported in
many studies, such as ferroelectric random-access memory (FeRAM),
ferroelectric field effect transistor (FEFET), negative capacitance field effect
transistor (NCFET), and ferroelectric tunnel junction memory (FTJ).

Email: tschao@nycu.edu.tw

This study is supported by Materials Analysis Technology
Inc. und tract 2022-T-016. a oG q q ag a
e, neer contrae The leakage current is a critical issue for reliability tests. In particular, the

*This study also received supports from NSTC, and TSRI. leakage current can be inhibited by inserting an Al,O, dielectric layer into a HZO
layer, doping Al into HfO, (HfAIO: HAO), or doping Al into HZO. However, the
remnant polarization (Pr) value is also affected, which means that the memory
window (MW) is difficult to use in nonvolatile memory (NVM) devices.

In this research, we stacked bilayer HZO to enhance the reliability tests and
control the grain size by modifying the atomic layer deposition (ALD)
temperature to reduce the leakage current. The results of transfer characteristic
(I,—V,) curves and endurance test between different ALD temperatures were
compared The proposed approach is a candidate for the next generation of
NVM applications.

Conclusion

FeFET of bilayer HZO with low leakage current and robust reliability tests were fabricated by modifying an ALD temperature.
TEM results showed that the AFE and FE layers were separated. Large MW (> 1.5V), high gate control ability, and robust
endurance (> 107 cycles) were observed at a low ALD temperature. These properties suggest that a low ALD temperature
approach is a promising process for use in NVMs.
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MATERIALS ANALYSIS

Fig. 1. (A) The cross-section HR-TEM of bilayer HZO. The AFE-HZO and FE-HZO are separated. (B) and (C) show the zoom-in image
for ALD 150° Cand 250° C, respectively. ALD 150° C devices exhibit large grain and less grain boundary. (D) The XPS results for
the FeFET with ALD 150° C devices. (e) The GI-XRD results of ALD 150° Cand 250° C. -
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Fig. 2. The 1,-V, curves of the bilayer HZO for Fig. 3. The endurance with FeFET for ALD
ALD 150°C and 250°C. The ALD 150°C devices 150°C. and 250°C devices. More than 107 32
exhibit a large MW and a low gate current. cycles exhibited in ALD 150°C devices.
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This study is supported by Materials Analysis Technology
Inc. under contract 2022-T-017.

*This study also received supports from TSRI.

Conclusion

Li, Pel-wen

GERMANIUM QUANTUM-DOT SINGLE-HOLE
TRANSISTORS WITH SELF-ORGANIZED TUNNEL
BARRIERS AND SELF-ALIGNED ELECTRODES

ASREFZEE FREESRERE

Introduction

We report the fabrication and electrical characterization of single-hole
transistors (SHTs), in which a Ge spherical quantum dot (QD) weakly couples to
self-aligned electrodes via self-organized tunnel barriers of Si;N,. A combination
of lithographic patterning, sidewall spacers, and self-assembled growth was
used for fabrication. The core experimental approach is based on the selective
oxidation of poly-SiGe spacer islands located at the specially designed
included-angle locations of Si;N,/Si-trenches. By adjusting processing times for
conformal deposition, etch back and thermal oxidation, good tunability in the
Ge QD size and its tunnel-barrier widths were controllably achieved.

Each Ge QD is electrically addressable via self-aligned Si gate and reservoirs,
thus offering an effective building block for implementing single-charge
devices. Tunneling current of the Ge-QD SHTs was measured at T = 4 - 40 K,
featuring aperiodic oscillatory current and negative differential conductance
behaviors. Estimated single-hole addition energies forN=0—1and 1 — 2 are
145 meV and 49 meV, respectively

We have advanced the state-of-the-art for the fabrication of Ge-QD SHTs with self-organized tunnel barriers and self-aligned
electrodes using an ingenious combination of lithographic patterning, sidewall-spacer technique, and self-assembled growth.
The self-aligned electrodes do indeed suppress the gate overlap of the S/D electrodes thereby improving the Coulomb
oscillatory current with higher PVCRs. Our Ge QD SHTs feature aperiodic oscillatory current and NDC behaviors within the
temperature range of 4 — 40 K with corresponding estimated addition energies > 49 meV for few holes regime.

Thanks to large addition energies and well-separated energy levels, our small Ge QDs with few-charges are desirable for many
applications including metrology, electrometry, and quantum registers from technological perspectives.
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EXPERIMENTAL FABRICATION OF Ge QDS SHTS

Precision fabrication of Ge-QDs at designated included-angle locations

RESULTS
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Discussion

We have advanced the state-of-the-art for the fabrication of Ge-QD SHTs with self-organized tunnel barriers and self-aligned
electrodes using an ingenious combination of lithographic patterning, sidewall-spacer technique, and self-assembled growth.

The self-aligned electrodes do indeed suppress the gate overlap of the S/D electrodes thereby improving the Coulomb
oscillatory current with higher PVCRs. Our Ge QD SHTs feature aperiodic oscillatory current and NDC behaviors within the

temperature range of 4 — 40 K with corresponding estimated addition energies > 49 meV for few holes regime.

Thanks to large addition energies and well-separated energy levels, our small Ge QDs with few-charges are desirable for many
applications including metrology, electrometry, and quantum registers from technological perspectives.
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Conclusion

Ray-hua

STUDY ON PROPERTIES OF SI
IN-SITU DOPING HETEROEPITAXY
3-GA203 BY MOCVD
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Introduction

Recently, B-Ga,0, has attracted significant interest due to its potential for high
power devices, which can be attributed to its material characteristics, such as a
wider band gap and a high critical electric field. Ga,0," s Barliga figure of merit
(BFOM) value is 3444, which is ten times that of SiC and four times of that of GaN
[However, the resistance of intrinsic Ga,0, material is almost insulating (>10'
Q), which limits its real applications in industry.

In this study, a tetraethoxysilane (TEOS) precursor was used as the Si source for
in-situ doping Ga,0, epilayer, which is a low-cost and safer alternative to tradi-
tional Silane (SiH,) source which is highly explosive and requires costly facility
construction. Moreover, TEOS exhibits excellent uniformity during Ga,0, epitax-
ial growth on heterogeneous sapphire substrates using metalorganic chemical
vapor deposition (MOCVD). The detailed electrical properties and surface
morphologies of Ga,0, epilayers with various TEOS mole flow rate were investi-
gated.

High quality Ga,0, epilayer with Si in-situ doping grow by MOCVD.

By XRD data, the as-deposited Ga,0, epilayer was B-phase and the Ga,0, epilayer still kept pure B-phase for the TEOS
molar flow vary from 2.23 X107 to 6.67 X 107 mol/min.

High Si doping concentration can be achieved by MOCVD iéxz-situ doped, according to SEMI's examine.

It revealed Si doping concentrations of 5.5X10" atom/cm?, 1.1 X10%° atom/cm?, and 1.4X10%° atom/cm?® for TEOS
flows of 2.23 X107, 4.47 X107 to 6.67 X107 mol/min.
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RESULTS & DISCUSSION

By the XRD, there are no obviously different between the TEOS As the TEOS flow rate increased, the sheet resistance reduced
g T—- 1'0 scem to 40 scem, the crystalline was very similar and the carrier concentration increasing. It indicated that the
N ’ TEOS contributes the Si to replaced the Ga position which
effectively donate the electrons and improve the conductivity
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2.94X107 MOLE/MIN AND 4.47X107
MOLE/MIN, THE MORPHOLOGIES CHANGED
ALOT AND PRESENTED SMALL
RECTANGULAR ON THE SURFACE.

Material & Methods

The high-quality B-Ga,0, epilayers were grown on c-plane (0001) sapphire substrates using metalorganic chemical vapor
deposition (MOCVD) with trimethylgallium (TEGa) and oxygen (0O,) as precursors for Ga and O, respectively. In-situ doping
during Ga,0, epilayers growth was achieved using TEOS as the Si doping source. High-purity Ar was used as the carrier gas
for TEGa and TEOS, and N, was used as the main flow of MOCVD. The growth pressure and temperature were 25 Torr and
825°C-875°C, respectively.

The crystal structure and orientation were determined by X-ray diffraction system. The surface morphology and thickness of
the B-Ga,0, epilayers were observed by scanning electron microscopy (SEM). Si in-situ doping concertation was analyzed by
SIMS. The electrical conductivities were evaluated using current-voltage measurement with a four-point probe station or
semiconductor parameter analysis instrument. The surface roughness of B-Ga,0, epilayers was measured using an atomic
force microscope (AFM, Dimension 5000).
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A STUDY OF OHMIC CONTACT
TECHNOLOGY OF SMALL-AREA
METAL/P* SILICON CARBIDE
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Introduction

Bing-yue Tsui £FRif +  SiCis known as a promising material for high-power devices because of

wide bandgap, high critical electric field, and high thermal conductivity.
Institute of Electronics,

National Yang Ming Chiao Tung University, + Contactresistivity (p ) is always an essential part in device optimization
Taiwan because reducing the p c can increase the turn-on current and reduce
Email: rayhua@nycu.edu.tw power loss.

Research Team: * Achieving ohmic contact on p-type SiCis difficult because of the high

Schottky barrier height and its low ionization rate.
BRZ12(Yen-ling Chen)/®8 5% (Shih-hao Lai )/
EXR(Chia-yang Wang) + It has been reported that the contact becomes non-ohmic as the contact
_ _ _ _ window becomes smaller than 20 um.
This study is supported by Materials Analysis Technology Inc.
under contract 2022-T-019.
+ In this project, we optimized the processing conditions for achieving
ohmic contact between TiAl and p-type SiC and obtained a record-low p,
value of 3 X 10> Q-cm? at record-small contactareaof 1.5 um X 1.5 um
through defect engineering.

Conclusion

The area dependence of the contact resistance on p-type SiC using TiAl-based metal can be solved by damaging the SiC
surface prior to metal deposition, which results in lowering of p_ . Moreover, The defects produced during LERT ion implanta-
tion may promote trap-assisted tunneling. In this study, a record-low contact resistivity of 3 x 10° Q cm?was achieved for
p-type SiC with TiAl in a record-small contact area of 1.5 pym.x 1.5 ym. Additionally, interface uniformity should be improved
by future studies to reduce the contact resistance.
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RESULTS

10" ' - ' Metal contact on p-type SiC with a record-low specific contact
:—H";":'m"ﬂri‘ FI“TP."!‘F"L:"“ resistance of 3 X 10-5 Q-cm? at record-small contact area of
) et 1.5 um X 1.5 um was obtained in this study.
10°
ng This results has been published in the IEEE Electron Device
& wal ] Letters.
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10* F 9 I T 3 B.Y.TSUL Y. L. CHEN, AND S. H. LAI, “METAL CONTACT ON P-TYPE 4H-SIC WITH LOW SPECIFIC CONTACT
: RESISTANCE AND MICROMETER-SCALE CONTACT AREA,” IEEE ELECTRON DEVICE LETT., VOL.44, NO.9, PP.
) 1539-1542, 2023. DOI: 10.1109/LED.2023.3299688.
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Cross-Bridge Kelvin Resistor (CBKR) was used . Cross-sectional TEM was used to . EDX was used to identify the interface
to extract accurate p.. inspect the contact structure. atomic composition.

Discussion

Metal stack Ar plasma treatment enhances Al-
Al-Si-C Si-C layer formation
LERT P* SiC LERT process promotes trap-

assisted tunneling
HEE" 20 High temperature (HT) implantation
SiC substrate forms low resistance P* layer and
low leakage current junction.
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Liu, Chee-wee

MATERIAL CHARACTERIZATION OF STACKED GeSi/GeSn
NANOSHEETS/ULTRATHIN BODIES, TREEFETS,
C(COMPLEMENTARYJFETS AND EXTREMELY LOW S/D
RESISTIVITY/CONTACT RESISTIVITY
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Chee-wee Liu ZI1F%

Department of electrical engineering,
National Taiwan University, Taiwan

Introduction

Device Roadmap for More Moore Scaling

BEMERZ T RMTERARE

Email: cliu@ntu.edu.tw

Research Team: Potential roadmap extension
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Wan-hsuan Hsieh (:#%2&F) Wei-jen Chen (
REE)
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THE STACKED GAAFET IS EXPECTED TO REPLACE FINFET FOR BETTER PERFORMANCE-POWER-AREA (PPA).
GE-BASED MATERIAL FOR HIGH MOBILITY CHANNEL (HMC).
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A-16Z0 GAA NANOSHEET FET
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(J.-C. CHIU ET AL. AND C. W. LIU, 2023 VLSI)

+  First demonstration of a-IGZ0O GAA nanosheet FETs by
channel release and ALD gate stack.

+  BEOL compatible process temperature of < 300 °C.
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RESULT & CONCLUSION

8 STACKED Ge, ,, Si. .. NANOWIRES AND NANOSHEETS WITH HIGH- K Hf Zr 0
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[Y.C. LIV ET AL. AND C. W, LIU, 2023 VLS)

Superlattice FE HZO is integrated into stacked NS FeFET
with the high MW of 1.8V at low write voltage.

The Ge_,.Si, ., NSs are surrounded by FE HZO superlattice
and in-situ TiN to ensure the GAA structure.

No amorphous IL formation between GeSi channel and
superlattice FE layer is confirmed by HR-TEM.

Towards Epitaxial Ferroelectric HZO
, . on n+-Si/Ge Substrates
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The a-IL free is possible for Si and Ge if
correct HF dipping.

According to the symmetric lattice, the c-axis
of o-phase is well-aligned along growth
direction as compared to simulation.
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