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A nanosheet oxide-semiconductor transistor using atomic layer deposition
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1 B RKRFZETHRMIERME Y AT AT A Vet o ¥ — T153-8505 HH#H H BIXEL 4-6-1
2 R KA PERMNHFZEITRR S 3 48 BACR iy K2Rz K

Masaharu Kobayashi'?, Kaito Hikake?, Zhuo Li?, Junxiang Hao?, Chitra Pandy?, Takuya Saraya?,
Toshiro Hiramoto?, Takanori Takahashi®, Mutsunori Uenuma?®, and Yukiharu Uraoka®

1 System Design Lab, The University of Tokyo, 4-6-1 Komaba Meguro-ku, Tokyo 153-8505, Japan
2 Institute of Industrial Science, The University of Tokyo, 3 Nara Institute of Science and Technology
Tel:+ 81-3-5452-6813, Fax: + 81-3-5452-6265 (e-mail: masa-kobayashi@nano.iis.u-tokyo.ac.jp)

Abstract

3D integration has been actively explored for high density and high functionality of semiconductor
devices. In particular, 3D monolithic integration builds a memory array directly on top of a processing
unit and thus enables high energy-efficient computing. Oxide semiconductor is a promising channel
material for 3D integration due to its low temperature process, high mobility and low leakage. Highly
uniform and high quality oxide semiconductor deposition is necessary. In this paper, we developed
atomic layer deposition (ALD) process of nanosheet InGaOx (IGO) with high quality and high
uniformity. We investigated the composition and thickness dependence of IGO FET characteristics.

We demonstrated high mobility, normally-oft, high reliability nanosheet IGO FET.
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Abstract

This paper discusses reliability characteristics for positive gate bias stress of field-effect transistors
with atomic layer deposited amorphous or crystalline In-Ga-O oxide semiconductor channels. The
shift in threshold voltage of amorphous In-Ga-O were primarily determined by composition ratio of
In:Ga and annealing temperature base on excess oxygen model. In addition, there is a concern that
atomic layer deposited In-Ga-O is more likely to incorporate excess oxygen into thin film due to its
oxidation process compared to conventional sputtering methods. To solve this issue, crystalline
In-Ga-O was proposed, and its atomic layer deposition and device application were demonstrated.
The crystalline In-Ga-O, Ga-doped In2O3 channel achieved better reliability characteristics for gate
bias stress compared to amorphous In-Ga-O channel. This result suggests that the lower Ga
concentration and crystal phase of bixbyite In,Os suppressed introduction of excess oxygen. The use
of crystalline material is an important approach to achieve both high-mobility and high-reliability in
atomic layer deposited oxide semiconductors for integrated device applications.
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Reducing Leakage Current in Wide-Bandgap Alumina Films Fabricated
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Abstract

Aluminum oxide (Al>O3) films were fabricated through the oxidation of ultrathin aluminum nitride
(AIN) films. The fabricated films exhibited a leakage current reduction compared to that of
conventional AlbO; films fabricated using atomic layer deposition (ALD). This reduction in the
leakage current can be attributed to the formation of 0-Al,O3;, which has a wider-bandgap than
v-Al2Os. The formation of 8-Al,O3 was attributed to the residual stress caused by the oxidation of

the AIN thin films.
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Abstract:

After several generations of FinFET scaling to the latest 3-nm node ™, advanced logic transistor
architecture continues to evolve to horizontal gate-all-around (GAA) FET with vertically stacked Si nano-
sheet (NS) channel 31 (Fig. 1) 1. Multiple innovations of process technology are required for NS-GAA
implementation in high volume manufacturing (Fig. 2) . Beyond NS-GAA and other scaling boosters such
as backside power delivery, novel transistor architectures are in the pipeline for future CMOS scaling. One
of the proposed new architectures is to vertically stack PMOS and NMOQOS, also known as CFET, for
effective CMOS area scaling. CFET fabrication is proposed in mainly two different integration approaches
(Fig. 3), sequential and monolithic integration -1,

This presentation describes process challenges and process technology solutions for GAAFETS as
the next transistor inflection ["1. In addition, we’1l discuss the next scaling inflections such as backside power
delivery BS-PDN and CFET process integration options.

Logic CMOS Device Evolution

Source: intel

. X . . . . J. Wang, VLSI
Materials engineering and architecture innovation

1y

P Strain > Hik Metal Gate FinFET Advanced FInFET > GAA > BSPDN ) 3D/CFET
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Figure 1. CMOS device evolution [7]
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Figure 2. SiGe selective etch for GAA inner spacers and manufacturing ready in-line metrology [8]
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Abstract

Characteristics of silicon spin qubits are strongly influenced by the fabrication process and quality of
interfaces in device. Here, we overview interfaces of spin qubits based on Si/SiGe quantum dots and
their impact on the qubit characteristics. Recent development of device fabrication and device

characterization technologies will be introduced.
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Abstract

It is expected that mature semiconductor integration technology will be utilized in quantum computers.
In particular, research into quantum bits that utilize spins in semiconductor quantum dots is being
actively pursued from the viewpoint of coherence and compatibility with electronics technology.
Research and development is also progressing on electronics for controlling qubits that operate at low
temperatures and on peripheral technologies for large-scale integration of qubits. In this talk, I will
discuss the trends, challenges, and prospects of research and development of spin qubits, as well as

the current status of our research.
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Abstract

Neuromorphic Al integrated circuits use novel devices with memory mechanisms such as
ferroelectricity, charge trapping, and oxygen vacancies. We have investigated metal oxide-based
memory devices and explored their application as weight synapses in neural networks (NNs). First,
memristive devices based on TiN/MgO/WOx thin films exhibit analog conductance properties similar
to biological synapses, namely spike timing-dependent plasticity has been observed. These
memristive devices can be applied to low-power analog neuron circuits. Second, TiN/MgO/Si devices,
which combine low-current operation and diode characteristics, can further reduce the power
consumption of circuits, and can be used for time-series NN signal processing in array configurations.
Recently, ionic-electronic hybrid material systems have attracted further attention to expand the range
of neuromorphic applications. Among ionic materials, lithium (Li)-ionic materials such as LiCoO; in
lithium-ion batteries and Li3PO4-N (LiPON) in all solid-state thin-film batteries are already in use.
LiCoO2/LiPON devices exhibit multi-level resistance changes and are promising for analog NN
circuits for in-memory computing. With multiple physical and chemical mechanisms, these devices
have great potential to create a new paradigm and era of neuromorphic Al computing.
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Abstract

Recent advances in transfer techniques of atomic layers have enabled one to fabricate van der Waals
junctions of various two-dimensional (2D) materials. Here, we present our recent experiments on (i)
subband electronics based on multilayer transition metal dichalcogenides, (ii) control of inversion
symmetry using van der Waals assembly of 2D materials, and (iii) 3D manipulation technique of 2D

materials.
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Figure 1 Left part: Band structure of monolayer (1L) to
four-layer (4L) WSe: obtained via DFT calculations. The
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rectangles, respectively. The valence band maximum
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1% Brillouin zone (BZ) of WSe:.
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Figure 3 (a) Schematic of measured tunnel junction. (b) Left
part: J—Vin characteristics for electron tunneling from each
device, measured at 2 K. Right part: J-Vin characteristics for
hole tunneling from each device, measured at 300 K. (c)
Schematic of the 1% BZ of s-WSe2 and d-WSe2 and momentum-
conserved resonant tunneling.

4. ARG

%)@ p*-MoS,/%4J8 h-BN/N J& p*-MoS, (N ~45,
22,9) O R RESEERL, g oo
Bt A PE LTz, NJ&E p-MoS, DffidE 1-#7 T &
NV RO b2 R UK U 7245 23
BL, Blllsnz=Fv v 7ICEKRT A



WP EZEAL & RS bkt LT
HAHZLERREINT, A CHLEHE/ER O
U RKERIZHART DI =K v v 7ORRLY
P& BT Lz,

i WSey/h-BN/#E WSe, 7 7 T /LT — )L
A DU RNVEEREERIL . b RVERREIE &
1ToT, ¥ UTHE WSe, DI RUELL~ &
kR T B EI-EIEREIC B W TTE R
MO E L) B — 2 28I L. 55
nize—27 « N —t (PVR,58.8at60K) 132
NETO RIEMEIOIIE N 2T R4 R
EEBETHHETH D,

References

[1] S. Masubuchi, M. Morimoto, S. Morikawa, M.
Onodera, Y. Asakawa, K. Watanabe, T. Taniguchi,
and T. Machida, Nat. Commun. 9, 1413 (2018).

[2] K. Takeyama, R. Moriya, S. Okazaki, Y. Zhang,
S. Masubuchi, K. Watanabe, T. Taniguchi, T.
Sasagawa, and T. Machida, Nano Lett. 21, 3929
(2021).

[3] K. Kinoshita, R. Moriya, S. Okazaki, Y. Zhang,
S. Masubuchi, K. Watanabe, T. Taniguchi, T.
Sasagawa, and T. Machida, Nano Lett. 22, 4640
(2022).

[4] K. Kinoshita, R. Moriya, S. Okazaki, Y. Zhang,
S. Masubuchi, K. Watanabe, T. Taniguchi, T.
Sasagawa, and T. Machida, Phys. Rev. Research
5, 043292 (2023).

[5]Y. Zhang, K. Kamiya, T. Yamamoto, M. Sakano,
X. Yang, S. Masubuchi, S. Okazaki, K. Shinokita,
T. Chen, K. Aso, Y. Y.-Takamura, Y. Oshima, K.
Watanabe, T. Taniguchi, K. Matsuda, T.
Sasagawa, K. Ishizaka, and T. Machida, Nano
Lett. 23, 9280 (2023).

[6] Y. Wakafuji, R. Moriya, S. Masubuchi, K.
Watanabe, T. Taniguchi, and T. Machida, Nano
Lett. 20, 2486 (2020).

[71 R. Moriya, K. Kinoshita, J. A. Crosse, K.
Watanabe, T. Taniguchi, S. Masubuchi, P. Moon,
M. Koshino, and T. Machida, Nature
Communications 11, 5380 (2020).

[8] M. Onodera, K. Watanabe, M. Isayama, M. Arai,
S. Masubuchi, R. Moriya, T. Taniguchi, and T.
Machida, Nano Lett. 19, 7282 (2019).

[9] M. Onodera, T. Taniguchi, K. Watanabe, M.
Isayama, S. Masubuchi, R. Moriya, and T.
Machida, Nano Lett. 20, 735 (2020).

[10]Y. Seo, S. Masubuchi, M. Onodera, Y. Zhang, R.
Moriya, K. Watanabe, T. Taniguchi, T. Machida,
Appl. Phys. Lett. 120, 203103 (2022).



HEFRS — MEE~D ZRTFEERE R DRE
Growth of 2D semiconductor crystal on a monoatomic length gate structure
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Abstract

For the forthcoming generations, both the channel thickness and the gate length should be shrunk
down to a single atomic level for evading the so-called short channel effects. One of the effective
solutions is to grow high conductive 2D crystal, orthogonally with 2D semiconductor crystal. We
succeeded in growing a WS ultrathin film orthogonally to epitaxial graphene on semi-insulating SiC,
where a Al2Os thin film is situated in between epitaxial graphene and WS,. This method contributes to
the realization of devices consisting of the atomically shortened gate and the ultrathin channel without
metal contaminations and fatal damages due to ultra-fine fabrication processes by using such as
electron beams and extreme UVs.
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Fig. 1 Schematics of the fabrication of the
monoatomic length gate structure.
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The characterization of responsivity for Ge Schottky photodiode
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Abstract

In this study, we fabricated and demonstrated high-responsivity Ge Schottky photodetectors with
short-wave infrared (SWIR) transparent conductive oxide (TCO) electrodes. The TCO/Ge Schottky
heterojunctions exhibited apparent rectifying behavior in both p- and n-type Ge. Furthermore, the
TCO/p-Ge Schottky photodiodes showed a linear response to the incident power and broadband
photoresponse at wavelengths in the range of 800—-1800 nm. These findings demonstrate the
substantial potential of our proposed TCO/Ge photodiodes for future applications in low-cost and

high-efficiency SWIR optoelectronic devices.
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Fig. 1. The schematic illustration of TCO/Ge
Schottky photodiodes and its process flow.
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Fig. 2. Cross-sectional TEM images of TCO/Ge
structure (a) before SPC and (b) after SPC.
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Optimization of Laser Scanning Conditions and Thickness of SiO: Underlayer
in Laser-induced Liquid-phase Crystallization of GeSn Wires on Si substrates
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Abstract

We investigated the laser-induced liquid-phase crystallization of GeSn wires on Si substrates through
high-power density laser irradiation. In the case of Ge wires, peak shifts were observed in both
photoluminescence (PL) and Raman measurements, indicating the existence of 0.3% tensile strain.
This is consistent with the estimation from the difference in thermal expansion coefficients between
Si and Ge. PL intensity was ten times higher than that of Ge substrates, confirming good crystallinity
of Ge wires. For GeSn wires, although a redshift due to Sn addition was observed, PL intensity did
not increase, so that we investigated a two-stage growth process. This approach enabled the uniform
distribution of Sn concentration in the depth direction, and the PL intensity increased to 35 times that
of Ge substrates. Additionally, it was found that increasing the thickness of the SiO; layer between Si
substrates and GeSn wires enhances tensile strain in GeSn wires.
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wires on auartz substrate.
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crystallization. (scanning speed: 0.05
mm/s, defocus: 10 um = 0.1 mm/s, in
focus).
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focus).
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Abstract

Next-generation ultrahigh-speed wireless communication systems of >100 Gbps using terahertz
waves are highly attracted. We focused on the resonant tunneling diode (RTD), a device with the
highest reported frequency (~2 THz) at room temperature. We examined the structural optimization
of GeSn/GeSiSn double barrier structure (DBS) based on the simulation using transfer matrix method.
Then, we formed a GeSn/GeSiSn DBS by molecular beam epitaxy method and fabricated a RTD
device. From current-density—voltage characteristics measured at 10 K, we successfully observed
clear negative differential resistances (NDR). We analyzed the electrical properties of the measured
samples by simulation and discussed the origin of the observed NDRs and the perspectives for further

improving the device properties.
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Fig.1 (a) Schematic of GeSn/GeSiSn
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Tsu-Esaki model. (b) J-V characteristics
calculated under fixed well layer thickness and
varying barrier layer thickness.
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Abstract

This study investigates the trimethylindium (TMIn), the raw material gas for indium nitride (InN),
decomposition pathway by the first principles calculations. As a result, we revealed that internal
molecular reaction (INCH:H:—InH+CH) is important in TMIn decomposition. Furthermore,
based on a study of data assimilation in GaN MOVPE, we tuned the overestimated activation
energy value obtained by the calculation and succeeded in achieving a decomposition time that

corresponds to that of the experiments.
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Abstract

Diamond is the next-generation semiconductor material for prospective high-power and high-
frequency transistors because it possesses high bandgap energy of 5.47 eV and a breakdown field of
>10 MV/cm. A 1-inch-diameter diamond wafers were grown on (112 0) sapphire just substrate. Very
recently, we have demonstrated a 2-inch-diameter (001) diamond wafer without cracking by using a
(112 0) sapphire substrate. The diamond wafer showed the highest crystal quality; the lowest XRC
FWHM of 98 arcsec and low dislocation density of 1~2 x 10’ cm™. In this study, we fabricated a
NO2-doped p-channel diamond MOSFETSs on a high-quality misoriented diamond substrate, which
showed the highest breakdown voltages of 3659 V among diamond FETSs.

1. FLOIZ

ZAXEL RiX 547 eV DJEWAY Ry v 7
ZHONHERTH Y, IEFITE WO MERRAEE R
SR (>10 MV/em),fiz i OBMRE R (22 WiemK),
R U7 B (B 1 4500, A —/L 3800
cm?/Vs)% £ o (Table 1), %1 ¥ € KX Baliga
PEREFEEL D & @ h = « R T A AEREZ,
Johnson PEREFEEH & & m D @& JE W & 17 A
APERE A R TR AR ST — i8R & LT HIRE
EhTnd [1] .

INETAFTELHXAYEY NEEREL
WITEEESEARICE D O T,ZOHEDL 4
mm ARREICT X oo, ik, ¥4 YE
¥ RWBY T 7 A T (a-Al03) D (11-20) i 57 D
HEREICHETE AR mK 2 A F
BOFXATYELS Rz ), RETEXLL91(C
ol RE LA A YT RO X #IEHT (004
) vy 7 h— 7 ilhg 1 98 arcsec, &
HEANLE FE 1L 1.4x10° cm2 & R LT rmm B X
XX NLEA YT FELTHRESLET
b5 LNRSER]

Tablel Properties of diamond and other
semiconductors.

Materiod | EgleV) | Epn(MV/om) |ve(x107cm/s) | plom'/vs) A (W /omi<)
i & a7 15 (e) ~ 4500 (e) F
Dismork 4 5 47 >10 i - $80D) 5.7
GayO4 48 8 ~- 300 (a) 10 023
i w2 22(e) =~ 1200 (0}
SiC 326 28 LA (k) ~120(h) 98 49
GalN 34 5 2(=) ~ 2000 () 89 15
ol ~ 8500 (a)
Gofs 1.4 04 1-2 (o) e AGoti) 129 o5
: } ~ 1400 (a)
Si 11 03 1 (a) ~ 450(h) 1n7 13

2. XA Y¥EL K MOSFET {EHl 7%

Fig.1l IZAWFED 4 A 7€ > K MOSFET DfE
IR ERT, XA YEL RTEB®RT 2
Y 7 H((EET R LX—0.37eV). N 28 K —R
Wi (0.6eV)IT72 % Z E b D> TWDH D, 1EME
b= X —RETECTEMIEZ 20, L
22 LE & 1E NO2 ZKHFMIRL A vE RERE
IR ESHEDLEpMR—E /T HZ L a A
LT, AMERE T, Z0HEINEZERMH Lz,
OV —A, RLAVBMERD Au 785
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Fig.1 Fabrication procedures of diamond
Souroe-1__-'_l_[)rain

MOSFET on diamond.
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Fig.2 Diamond NO2-doped p-channel
MOSFET structure.
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Fig.3 DC drain current-voltage characteristics
of diamond p-channel MOSFET.
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Fig.4 DC drain current-voltage characteristics
of diamond p-channel MOSFET
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F L REBRICKEE LTV D KREMESEROS L,
T, ARFEOPENER Z HFREE b H D, &

D=, p B RF—v 7% 7 — MEENIZ
BEIL, pM K-t s ELR—LF v R
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(Fig.6) 225 R Lo il 0.42A/mm, %@ﬂ‘
UHRBUIE 822Q'mm, A T7IRFED KL A U E
%ﬁ%rw@n#gf7mri%%va@@\
BFOM X 820MW/cm2 & 72> 7=,

PLEDOFx DX A ¥EL R MOSFET D~
F v — 7 ZMAEEEME O T S R L g
% (Fig.8), /NU — P RIZRD B D FrMEIT,
%%@ﬁ7ﬁ@ﬁf&ﬁ%@%&ﬁ/ﬁﬁf
HD, WMHED/NRT A=K —1T1%, NV HIEREFE
@b%b#éioc\Fv—%ﬁ7®m%ﬁ

. ANY FERER R R MW/em? TR LTb\é
ETuﬁ<ik B - KEIIMEREE RT,
ﬁﬁ®§4?%/FRM$H(T)ﬁ
875MW/cm? % ;< L . GaN HEMT (i) @

2093MW/cm?(ZiH D EREZ /R L TV D Z & 3o
ARYAY
Al,Oy 8 nm @80°C
ch@ ao«c - ALOF— BRI
B ._ : NO: pﬂFI—EJ’?‘J‘ Y s
(001} diamond

RIL - FRE—7 5 1 P £ FMOSFET

Fig.5 Modulation-doped p-channel diamond
MOSFET.
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Fig.6 DC drain current-voltage characteristics

of modulation-doped p-channel diamond
MOSFET.
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characteristics of modulation-doped p-channel
diamond MOSFET. The off-state breakdown
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Fig.9 Switching characteristics of diamond
MOSFET.
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Fig.10 DC stress measurements of diamond
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Interaction between Mgca and Vo in GaOx intermediate layer
at GaN/SiO: interface
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Abstract

Formation of GaOy intermediate layer at GaN/SiO; interface has been reported.

In the p-type

GaN/SiO; interface, it is considered that Mg, which is an acceptor impurity, remains in the GaOx
intermediate layer. In this study, we investigated interaction between Mgc. and Vo in GaOx
intermediate layer using first-principles calculations. We found that Mgga and Vo become stable by
forming 2Mgga-Vo complex in GaOx intermediate layer. In addition, while Vo forms a deep hole trap
in the band gap of GaN, 2Mgga-Vo dosen't form a hole trap. This is because Mgga-Vo induces trap
levels near the conduction band of GaN. These results indicate that Vo hole traps are passivated by
forming 2Mgga-Vo complexes and shifting the Vo trap levels upward to the conduction band.

1. ZIC®HIC

JA KXy v 7HERTHD GaN & iz
SE-BILE-FERERDRE N T RS
(GaN-MOSFET) %, & /15034 - ShfEsEE - /) Vil
fbORE72m ENRAENTEY, kAT
—TNARAELTHEANEE > TWVDH[1,2],

GaN-MOSFET DOFEHUZIE, GaN/ER LIS i
DOEEPHETH S, GaN-MOS DEE{LfE
MEHZIZ N Ry v 7ORE SR GaN & D
Ny R4 7%y bOMEND Si0, 23 F1HH &
NTWA[3], LA L. GaN/SiO, A 1T #HE
DEFL T TPFEEST H T ENERITLD
WEINTWDH4], EILFN T v 7R A v F
VIR OSIRLBEEE O LE A 5| E i 2
FIREIZ/2 D,

L LIEHE, SRED Mg R—7I1TLD,

GaN/SiO, R D IEFL N T v 7 3 KB
HZ EMHBMNITIRSTZ[5], W HIX, Mg R
— T RED R D p-GaN/SiO, MOS F v /X &
ZERLL, 20 C-V FREZHE L7-, Mg MK
JREE(NA:7 X 10 em®) & IR FE(NA:1 X 10" cm™)
D MOS F¥ /X & Tk, EFLNT7 v 7I2LD
K7 VI E =Tk, K&kt
ATV R ERT C-VI—TNRIE SN, —
J5 T, Mg DERENA1X 10" em?)D MOS
¥ NUHTIE, B AT U U AOINEAR 7R C-
V =7 RAEENT, £, F—7 L7 Mg
TR TH—E L TIEMHIET D HKET =
— U T EITDIRI> T2 MOS % 733 & (Nai2
X107 em, Mg: 2X 10" ecm?)IZ3W T & BAERY
RCNV I—TNRHESNT I ENnD, 72
A TIE R MgiRENREEL TNWDHEE XD
N5, ZORERIZ, Mg ZAEOELNT v 7



T D 2 BRI L CWDN, T OWEHY
EIRIZEH & 2272 o TR,

FxlL, Mg BIEFL N T v 7&K 5 ek
AIRCIR 2 B 5 23 D 72012, GaN/SiO, FHIZ
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DYEr . GaOx R BIZILT 7 & 7 ¥ —Rptim T
HH Mg WEETDHETREND, LIZR-> T,
FEEE L2 Mg 28 GaOx g o k7 v 7 /K
TR A AREME N B D o AMFZE TlE, Ga,0s i
BIZBWTEA N T v 7 E LTIRD# S RE
ZELLRIB(Vo)[81IZE H L, Mg & Vo DFHAAEH
IZOWTHRE L7z, BRmIi, F—JRBsHE
12 &> T Ga05 IZF1F % Mgga-Vo AR DR
TRNLFX—BIWNNT v FHENALEE S0
Iz L7,

2. HEFE

2.2 EHHEEME

TR v 7T AT LB R I B D
CHmEEEDOHE —FEHFHEa—-NTHD
Vienna ab-initio simulation package (VASP)[9]% fifi
AL, BAEBLUONERETORT YL
21X, Projector Augmented Wave(PAW)AR T >
¥AN0] 2R L. FEEEEDO D v 47 >
ANF—(L500eVICRE LT, 7 U NAVT Y —
ND k BT U ITE, 2X2X2 D
Monkhorst-Pack grid Zff ] L 7=, #i&EHamE bEt
BONREMFIZETR 2@ < 123 5x102eV/A
UTERDETE Lc, ZHABIILESIL,
W LRHA Tk GGA-PBE JLBE#[111%. &
T )L X —FHE T HSE06 IR ILEI SR 12] %
M L7z, HSE FHEICBI DIRA /T A—H% 4
HEEEFA BAE N T A —2 1%, B -Ga0s fiEfE D/
YR¥x v T THD 49eV ZHETLHMEEL
T, THZEh 036, 02 AT EBRA L=,

2.1 EHEETIL

FHEET AT, 2160 R0 5725 1X4X
2 A—R—F )LD B -GaOs it it(Fig.1) & FV =,
A EHIE. S. Geller | & 2% FEBfl(a=12.23A,
b=3.04A, c=5.80A, B=103.7° [13]Z& H\ 7=,
GaN/SiO, AT % GaOx St D 11

WEIZOWTITRFEM ARG 2 STV Nz,
AP TR ZE R GaOs iETH D p %
HWCEEEIT- T,

B -GayO3 A —s—t )Lz HliFE7e Vo, Mgga-
Vo A K, 2Mgea-Vo ERD 3 FfHZEAL
720 HFEZR Vo lIX GaOx JU1HI 8 T Vo 23 A CAF
TET HIRHE. Mgoa-Vo & 2Mgea-Vo 1% GaOx St
JEIZFRE LT- Mg 28 Vo EEAIRZ R LT2IR
REICXIGT D, B -GaOs ffdhiZiE 2 2D Ga V¥
A E3ODO0OYA FBBHLHTZD, Mge & Vo
DE#Y A FEEZDHZ L8 fiEZ Vot
TIVE 3/NE— Mge-VoET V& T /38—
>, 2MgGa-Vo BT % 8 X H — MERR LTz, £
L CHETNVOMEREL 2 S TSR
WAL R ZITV, BArEREO LR EMEZ 57,

Fig.1 f -GaxO3 1x4x2 supercell containing
160 atoms.

23 BT R X—DFH

HFE72 Vo, Mgea-Vo A AT X UV 2Mgaa-Vo 8
BEROZEM L I EN D MEIREL RS 5
72z, KOTERINDEMT RILF—[14]
ZEMRE LT,

Ef = Edefect(q) - Eperfect(o)

+Zni:ui + qEF + Ecorr @
i

Edefect(Q) §i%%\ :FLLE\ q ODKKI/EI(VOII, MgGa—Voq,
IMgea-Voi) & Bte A — /=B L DA T R LF —
Eperfect (@)X B -Gax0s TR ROET XL F—,
pilx 0,Mg, Ga J&FDILFRT v ¥ L TH 5,
polTEF 3 TICBIT 5D O T Dfb¥RT v
Y Il\ pmgld B -GaxOs i IZ B 1T D Mgaa DL



T VX, ugald B-GarOs iz I 1T % Ga
ﬁ%®m%T7//kw%ﬁwtoit\

RDT = VI N Eqpprld FNV %@Ensu:;
LY BN OMIEZRLF—Th 5, GaN/SiO,
FIEIZBWT T =L I ¥EAIL GaN DR RF

Yy TRICAET D L EAbND, LIh-> T,

7 o)V I HERLIE GaN DN R¥ v v 7 O
THEZIT 272, GaN D/ RE v » T OHiH
1Z. Gax0; & GaN O3> KA 7% v FOFHE[16]
ZHOWTIRE LT,

3. RHEMER - B

3.1 BRIV X— - BiE 7 far e R RE
Vo, Mgca-Vo, 2Mgga-Vo @ﬁfﬁii*ﬂ/ﬁf %
Fig.2 IZ7”"7, GaN O/ R¥ ¥ v 712815
7 =)V I ERLOFEFHIZ BN T, TR R L ¥ —
X Vo, Mgaa-Vo, 2Mgaa-Vo DNEIZ/NE VT & A3
Tolz, 2O ED, GaOy S g Tldflir:
Vo & LTHFET D LD B, Mga-Vo BATIK,
FIZIE 2Mgea-Vo BAREEZ BT D B ZE T
HHZENRHEBEMNII T, L= T, GaOy
FURBIZ Mg DEIREICHFET 25813 Vo 23
I—Jﬁﬁéf 2Mgg-Vo AR EKT 5 LB 25
—J7C. GaOx StifiEIZAFAET 5 Mg DMK
/;;%f“ @iﬂ/\i Vo NEERZ T D feRid/
L 2%, BEEBROEIX, Mg DEIREOSE
3£ <, Mg DMEREOG STV b %
Sy (W

F7o. T LI HERITK L TBN D RERT
TEIRTEIL, Vo 23(+2/0), Mgca-Vo A3 (+1/-1), 2Mgca-
Vo 75>(0/ 2)(3@07‘_0 T BT Vo LD |5
AAREE & IE S ARBEIZ KRR LT 5, Vo ML
B PR EB(VO) TETFZ 2 DAL, 2 @
IEIRAE(VoP) CTIELA L 72D, Mg i 1-1E Ga
FT L0 BB 1 9070720, Mge 1
Ga,0; FICIEFLA 1 ot T %, Zhickn.,
MgGa-Vo HEALIE, -1 OFTERIEMEc-Vo ) TiH
AIRAE L 720 [ +1 OFFERIEMge-Vo' ) TIE L
FIRAEL 72D, 2Mgea-Vo AL b RIER DB T,
-2 DI IR IE(2MgG.-Vo ) THAMKRAE L 72 0 (7
faf FHPRTE 2Mgea-Vo) CIELAIRAE & 72 5,

Fig |ZZERMEIRIETH D Vo(+2/0), Mgca-
Vo(+1/-1), 2Mgaa-Vo(0/-2) D JF 1A 2 7 d, W
PHNORMBREEICBWT S, AN A LR

HE(Vo®, Mgaa-Vo, 2Mgca-Vo») 7™ B FE 5 A IR HE
(Vo*", Mgga-Vo't, 2Mgea-VoO)Z 72 5 Z & T, Vo IZ
THE L7e GaMg JR 123 MAl~BlEh D& 21
T T,

NEEZ DT &N

V2+

A

/z??w

2~

>307A

7

6
A~ 5 I
% 4 | GaN Vo GaN
2 3 VB CB
s ] Ny
g ] / MgGa-VO T
E -1
S 2 ;

'i | . . IZMgGa'VIO S

0 | 2 3 4

2Mgg, V¢!

Ga
&ﬂ%ro. O Mg
F W e)

Fermi level (eV)
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(red). Shadowed area is band of GaN estimated
by J. Robertson, et al [16].

Fig.3 The atomic structures of (a)Vo(+2/0),
(b)Mgga-Vo(+1/-1), (¢)2Mgga-Vo(0/-2). Numbers
indicate distances from Vo positions to neighboring
ions.
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Fig.2 Calculated trap levels of Vo (black),
Mgga-Vo (blue) and 2Mgga-Vo (red).
Shadowed area is band of GaN.
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Abstract

We report first-principles calculations based on the density-functional theory that reveal atomistic elementary
processes of nitrogen donor doping in epitaxial growth of silicon carbide (SiC). Our calculations identify the
adsorption sites of an N> molecule and its dissociative reaction pathways on the terrace and steps of SiC(0001)
surfaces. We find that the N> adsorbed on the terrace migrates to a particular step edge (Si3 step edge), is also
directly adsorbed near the step edge, and is then dissociated there via the step-molecule interaction with the
reaction barrier of about 1eV. From the above, the microscopic mechanism of N atom incorporation during
epitaxial growth has been elucidated.

1. I MOSFET D X 9 72/80 =7 /34 2 TIHMIAT

o HDT=H, nfl F—,30 L LT RHEN) M EE
AR RIEROERAT T KR 2 A&, R BT N R
D8 PRI S LTRIET A58 SIOF 293 ¢ a@# LT FF—& LTEIK 2 & 23m
WRESNTWB[1], SICOTEXFUYIVRE  pncivg, o, SIC TEX %L v LRE

[1,2] CiE. EIALFESKMHEEEECVD) 3] W I, (0001)2"%@73)@'3)% XNTHBY . RELKIC
DAIVTIS Y U AN Si FUFHE SiHs, CIR g o s A sin T B 72, BRI
BHZIX CHs Fr U7 HAZIEH ZHW 5, (552 & 27y Ty RHBET S,

it\ﬁi EXX Y VRETOR—EU 7, —pzsy 7oy DICEB S AR AZ R
R B n T B A VAR ARTIRIAHOR 7 - b ClBSRET 5 AT v 7T n—H R



3417 & TW5D, Filf OEERIFIEIZI N T,
RPN 72 SiC(000)ZFE m EICBND AT v 7D
JRHEIE]5,6] & . CVD R BREE Iz TR
HACE L AFIET DRFIC L » THRBE SN
AT ooy DL FOKBWERE TH
H5MNZo72[7], L2 L, CVD i EHICEA X
NI BOGHEDIRNWARTEE T A D Ny 73103, %
AT v 7R TED LD REARn%E LT,
N JEF28 SiC = B4 % o v VEHIZED iA F i
DO, FDRAH=RLIRFEIHASNNI 5T
W, R—Yr 77 at 20wl - ki
IE, N2 ICEY AN DA 72 A
= A LOFFNEECTH D, 2T, BEYLE
BEGRBINCE S H - JREFHRICL V|
SICOO0ONEHD AT v Ty ETTAD Ny
TFOREYA bEL NREFBEFIZEY A E
DR & =L F—[EREZGA L, &%
Ty VIR EFIZEBIT S N R ORLY A BB
ZEBLNCT S

2. BEHE
2.1 #HEY 7 =7 LEESEKEF
AWFFEIE, LB R IZ D < H—R
PEEHS = — K VASP(Vienna Ab-initio Program
Package [10))&fli i L7z, ZZHAHBIINLEAEICIE:
PBE JLBEL[11]ZFH L, FmEEEED T > b
F 7T FF—1T 500 eV ITHE LT, £z,
13 B Ak 139 C O R 1B < TR A A8
0.05eV/ALLFIZ72 5 F Tz, gtHEICHN
7= 4H-SiC E7 VO ERa, b, c 1. a=b=
3.092, c=10.12 T&» %, Brillouin ¥ —>DH >
7' WUIZIE MonkhorstPack @k mA v 22 X
1 X DHZ&fiEH L7z,

2.1 #HBEETV

SiC(0001) i DRLE Tk, — iz, [1100]
F 72 1F [1120] J5 T W = oRtim 23 TV 5 4
% [1], ZORER, BRIFIZIEE 5 D DRERY
IRAT y THEEN BN D (Fig. 1) [5,6], [1100]
FIMEN - RE T, SiRFE C RT3
(2 72 TSCstep) 23BiAv, [1120] J7 WA
VN2 R E TR, ST R8I AU 72 TSi2 step
F7213TSi3 step) .C JRF A3l A7ZTCL  step)
F721E [C2 step) BN D, NJFEFIXCHA b
AEWT DT LD, RBFZETIE, ZAbDA
Ty Ty VHEEOHR T, C YA MARHET S
SC step,Si2 step,Si3 step ZxfG & Lz, S HIZ,
KT 7 ATBITD Ny 0 FOIRDF SR~
D1, 4 DOERDHATTETIVERHL
2o 1 DBORZ 7TV, [1120] HFAZH

572 SC step WHBLT H AT v 7= UHEEL
BHLEZ, RIZ, 22oBE 3 DHODRATTET
JVCIE, [1T00] i o Te AT v 7= v Uk
WEHHRLTBY., 220RIFF 7V IRy
N4 2 OFFo 72 Si R HELT 5 Si2 step. 3
SHIFE TV TR RE 3 DR o7 Si R
FNHBLT 5 Si3 step Th D (Fig. 2), 4 oH
TR ERE NMICHBL TR T 7 ATH D
(Fig. 2), TNHDOATZTET NI, 4JEFT-
X 5 8D 4H-SiC & &5 8A LL LD EZEE T
BENTEBY., T 2EOFHALEIXEE SN T
BY., A7 7IEEIMMABKSE KL G LTz, %
AT v Ty VBIXORET T ADKEHRE
T, 12]#FBE LT, AT v 7=y U TIIKE
WEORIRIE, FHT 7 A TIIKkETEDLN
TIRFE L DIV TR VIRRED 2 R F — B FHL
L7,

[1120] Pp—g

(I)—» [1700]

[0001]

Fig.1: Schematic view of the 5 distinct mono-
bilayer steps on 4H-SiC(0001) surface. Blue,
brown, green and yellow spheres represent Si
atoms, C atoms, Si edge atoms, and C edge
atoms, respectively.
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Fig.2: Side and top views of the periodicarray
slab models in which an upper terrace and a
lower terrace appear alternately. (a) Si3 step,
and (b) terrace on the 4H-SiC(0001) surfaces.
The color code is the same as in Fig. 1. Pink
balls are H atoms.
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Fig.3: The local atomic structure of geometry
optimized Nz-adsorbed SC step, Si2 and Si3
steps. The color code is the same as in Fig. 1.
Gray balls depict N atoms.
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Fig.4: Energy profile of N> molecule diffusing
on the surface terrace not covered with
hydrogen via the path H3—BR—BR—H3
site.
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Fig.5: Energy profile along the reaction
pathway in which the upper-terrace N>
molecules is dissociated and incorporated
through the Si3 step edge. The (meta) stable
(A, B, C and E) and the saddle point (D)
geometries are labelled by uppercase letters.
the geometry is shown in the lower panel with
the color code as same as in Fig. 3. The origin
of the energy is taken as Eo + un2ineq. 1.
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Fig.6: Energy profiles along the reaction
pathway in which the lower-terrace N>
molecule is dissociated and incorporated
through the Si3 step edge. The (meta) stable (a,
¢, d, f and g) and the saddle point (b and e)
geometries are labelled by lowercase letters.
The corresponding geometries are shown in
the lower panel with the color code as same as
in Fig. 3. The origin of the energy is the same
as in Fig. 5.
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Fig.7: Migration processes of the incorporated
N atom along the edge of the Si3 step. (a)
Migration along the pristine Si3, and (b)
migration along the carbon attached (marked
by yellow balls) Si3. The 2 neighboring N
atoms shown in the left panel become isolated
in the right panel. The color code as same as in
Fig. 3.
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Abstract

Basal plane dislocations (BPDs) consisting of a pair of partial dislocations (PDs) with Shockley-type
stacking faults (SFs) between them, are suspected to cause the bipolar degradation (forward voltage
degradation), thus leading to the degradation of SiC-based electron devices. However, the microscopic
reason for the bipolar degradation has not been fully understood yet. In this study, we theoretically
investigated the atomic and electronic structures of BPDs by using first-principles calculations based on the
density-functional theory (DFT) and clarified the atomistic origin of bipolar degradation in SiC devices. As
a result, we found that under the positive charge state Si-Si reconstruction bond (Si core), one of the partial
dislocations, breaks and generates Si dangling bonds which may contribute to the expansion of stacking
faults.

L R - HIAR P L ETF STV, 207 SiC Bkl
SiC (Silicon Carbide)i, & DEILTZFEND Si 31T 2 5 A M ODAETRAS SR ¥ B LT U 5
(Silicon) =AU L BB & LTIER 2520 SIC (CF8AT B T AR R O—> & LT
Tb\é% D=DTHD, SICFVA AL RE gz (Basal Plane Dislocation: BPD) 3%} &
’Eﬁ%f@ﬂ%ﬁﬁ EARIRIEL, z%ﬁ@ﬂ]ﬁg@:m‘f 3[1120] D K HNIZAFHET B O = L Th 5,
BNT-HEEHB L TWA [1]. Z D7 SiC # v HAIZ %4 U 7= BPD OFE 1T Fig. l(C)Kﬁ?‘J‘J: 5
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ATIHER LG > T2 EmW o E - SIEEE - & R BN T TT AL Z~D BB 700 B
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AT DTS ASORABIFSNTEY . = pmsns L L bic, frRT=FLF—T2 A
MR ECRIEDEA TN D, LU SICT/S gy sz (Partial Dislocation: PD) & 2 00 I
A A7 BUET DR THEA R EARHERED 5 1 | J& /K (Stacking faults: SF)% £f 9 FEAEEAAT 1T 457
B EALEEMEO M A KRS iR E LT ENTLEH, 5T BPD OfiRIC L VB S
ToND. TORTHRHMDERIBIERIED e i KB AEI & 0 954 L, A BY{ERF O
EWIZ X o TAE L Difdba KAy SiC 7 73A A Dy BHER AT A AL RS AP HL 58 %k
T EHME SN TWA2], Fig 1(@) &by X oI
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Fig. 1. Electroluminescent images of pn diodes in
SiC (a) before and (b) after energization [3]. (c)
Schematic diagram representing the expansion of

Stacking faults (SF) generated from BPD which
has propagated to the epitaxial layer. The dashed

line represents the basal plane.
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atoms, respectively.
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Fig. 3 (a) and (b)Top views of the 4H-SiC model

which includes BPD. ((b) shows the layer with
generated stacking fault). Blue and brown balls

represent Si and C atoms, respectively.
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Fig. 4. Band structure along the basal plane. The
shaded area represents the background of SiC bulk
bands. The figures represent the wavefunction at
I" point and electronic density at X point which
correspond to the defect levels, respectively.
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Fig. 5. The local density of states focusing on
characteristic structures of BPD model, such as Si
core and differed stacking sequence. The density of
states is depicted with the valence band maximum
of the perfect 4H-SiC as the energy reference.
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Fig. 6. 4H-SiC model which includes BPD in the
positively charged state focusing on the Si core
atoms represented in red. By breaking the Si-Si
bond, the Si dangling bond is formed.
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Fig. 7. Result of the Energy levels and electronic density at X point ((a) Neural state, (b) Positively charged
state). The black energy levels represent the edge of the conduction band and valence band. The figures represent
the electronic density which corresponds to the defect levels drawn with a red line. The yellow circle represents

the electron and the red circle represents the hole.
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Abstract

SR =S

We tried to modify the GaN surface using a dummy SiO; layer and annealing process. The surface of
both c¢- and m-GaN substrates was modified by the SiO> dummy process at 800°C. The modified c-
and m-planes n-GaN/Al,Os3/Pt capacitors exhibited superior characteristics such as a low Dj; and high
reliability under PBS. This is thought to be due to a very small amount of Ga diffusion from the
unstable layer and additional Ga>O3; growth on the surface on GaN.
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Figure 1. Schematics of SiO, dummy process.
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Abstract

In recent years, with the development of an advanced information society, the volume of
information and data has exploded and the demand for high-speed, large-capacity storage to store
such information and data has increased. In this study, we envision the application of AIScN-based
ferroelectric transistors to 3D flash memory structures.

In the current 3D flash memory structure, a poly-Si thin film is used for the channel that serves as
the bit line, and one of the issues is conductance degradation due to high layering caused by crystal
grain boundaries and defects. To solve this problem, highly oriented polysilicon channels are
expected to be fabricated by utilizing the stable wurtzite structure of AIScN and inheriting the
C-axis orientation of AIScN during solid phase growth of the silicon thin film that serves as the
channel. In this study, we attempted to form highly oriented silicon using AIScN.
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Impact of Ni Electrode Formation on HfZr Oxide
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Abstract

A HfZr-oxide layer was formed on a Si substrate by dry oxidation of a Zr/Hf/Zr/Hf/Si(111) stack
structure changing oxidation temperature (7,x) in the range from 600 to 900°C. After that, a Ni
electrode was formed on the HfZr-oxide layer. Then, we systematically investigated impacts of the
Ni electrode on crystalline phase and chemical bonding features of the HfZr-oxide layers. It was
found that peak intensity ratios (ro/r) of grazing-angle x-ray diffraction pattern related to monoclinic
and orthorhombic/tetragonal phases monotonically decrease with increasing 7ox. On the other hand,
post metallization annealing (PMA) after the Ni electrode formation drastically changes the T
dependence of ro/r. We found that, at 7o = 750°C, the ro/r value is much higher than those for 7o, =
600 and 900°C after PMA. Also, the Ni electrode formation and subsequent PMA induce oxygen-
deficient signal in spectrum of x-ray photoelectron spectroscopy. It should be noted that PMA is
only effective for increasing the intensity of the oxygen-deficient signal for 7, = 750°C.
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Considerations on possible mechanism of suppression of fatigue properties
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Abstract

Ferroelectric-HfxZr1—xO> (HZO)/TiN bottom-electrode (BE-TiN) interfaces of TiN/HZO/TiN
capacitors were evaluated using synchrotron hard X-ray photoelectron spectroscopy after applying
switching cycles. In the fatigue state, the peak intensity of the Ti-O component in Ti Is spectra
increased compared to that of the pristine state, indicating that surface oxidation of BE-TiN should
occur during field cycling. Thus, we concluded that the degradation of switching polarization was
attributed to the domain pinning caused by formation of additional oxygen vacancies in the HZO film
due to the supply of oxygen atoms from the HZO film to the BE-TiN during field cycling. Based on
these experimental data and the results from our previous study, endurance properties with high
fatigue resistance can be achieved by controlling the movement of oxygen atoms at the HZO/TiN

interface during field cycling.
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High-precision spatiotemporal depth direction visualization of multilayer
stacked thin film interfaces using Noise2Noise denoising in XPS spectra
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Abstract

We achieved high-precision spatiotemporal depth visualization of multilayer stacked thin-film
interfaces by developing denoising methods for XPS spectral data. In this study, a denoising technique
utilizing a recurrent neural network effectively eliminated noise from XPS spectra, particularly in the
presence of strong Poisson noise. We confirmed the feasibility of the measurement analysis with
HAXPES-Lab, extending its applicability to lab measurements for thin film analysis. This denoising
technique enhances the accuracy of spatiotemporal depth visualization for multilayered thin-film
interfaces.
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Fig.1. Concept for 4D-XPS analytical system.
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Sparse modeling with Jackknife MEM (1)

XPS denoising
effectiveness
were conducted
through peak
fitting processes
on CPU/GPU,
with an
investigation
into its impact
on the level of
Poisson noise.
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t=1~327, data acquisition time: ~10 min/1 profile, Bootstrap data sampling (8x8), Jackknife MEMII1)
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Fig.5. Validation of denoising techniques using
experimental data obtained from HAXPES-Lab.
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Abstract

High resolution analysis of the electronic structure within inversion layer was performed by

laser-ARPES  (angle-resolved photoelectron

spectroscopy)

and AR2PPE (angle-resolved

two-photon photoelectron spectroscopy). The polarization dependent of the subband dispersion is
revealed using the laser-ARPES. L1 and L2 bands are mainly observed s-polarization. On the other
hand, HI~H4 bands are observable in both s- and p- polarization. In AR2PPE, the shape of band
bending is varied by SPV (surface photo-voltage) effect induced by the irradiation of pump photon.
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Fig.1 Laser ARPES intensity map obtained by
s-polarization (a) and p-polarization (b). Solid
and dashed line are depicted the band
dispersion for guide to the eyes.
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AR-HAXPES evaluation of the effect of hydrogen plasma treatment on the
chemical bonding state and distribution of hydrogen in SiN Films
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Abstract

It has been reported that the presence of hydrogen-incorporated defects in silicon nitride (SiN) films causes
degradation of device characteristics. Therefore, controlling hydrogen-incorporated defects in SiN films is
extremely important for high reliability of electronic devices. In this study, a hydrogen desorption process by
hydrogen plasma treatment was attempted to reduce hydrogen-incorporated defects in SiN films. AR-HAXPES
measurements suggest that hydrogen is desorbed from hydrogen-incorporated defects by hydrogen plasma
treatment, and that the amount of hydrogen desorption depends on the treatment time.
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Fig. 4 Calculation of the ratio of hydrogen bonds in SiN films (a) N 1s, (b) Si 1s.
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Abstract

It has been pointed out that hydrogen in the ALD-SiO> film is a precursor to defects generated when
electrical stress is applied to the film. These hydrogen-originated defects have been reported to cause
carrier traps and leakage currents during transistor and memory cell operation such as negative bias
temperature instability (NBTI) and stress induced leakage currents (SILC). Therefore, in this study,
we attempted to desorb hydrogen in ALD-SiO> films by hydrogen plasma treatment. Furthermore,
the electron trapping under constant-current stressing is suppressed by the hydrogen plasma treatment.
This may indicate that the hydrogen plasma treatment desorbs the hydrogen in the ALD-SiO: film
and can reduces the hydrogen-originated defects.
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Abstract

The distribution of SiO2/Si interface defects generated by electron beam irradiation was investigated
by flattening the Si(111) surface with LOW (Low Oxygen dissolved Water) . By LOW treatment of
the Si(111) surface and AFM observation, the defect generation region was observed to a depth of
about 2 nm from the Si surface. This result indicates that defects may be easily generated near the

Si02/S1 interface due to stress accumulated during thermal oxidation.
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Table 1. The relative etching rate constants for Si(111)-H, as derived from

kinetic Monte-Carlo simulation [2], [3].
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Relative
Y 00 100,000 5,000 1(reference)
etch rate
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Abstract

Conductance method is a powerful tool for evaluation of MOS interface properties. In an analysis
of a measured conductance curve, a calculated conductance curve based on a proposed model by
Nicollian is often fitted to the measured curve. However, the model includes some assumptions. For
example, interface trap density (D;;) is constant in an energy bandgap even though an actual D;
distribution has an energy dependence. Therefore, in this study, impacts of the energy dependence on
the conductance curves are systematically investigated. We found that peak heights and peak
frequencies of the conductance curves strongly depends on the energy distribution of Dj; and a
position of a minimum point of the D;; distribution in the bandgap.
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Fig. 1: Assumed D; distributions for the
calculation of conductance curves. Here, Ei
means intrinsic Fermi level.
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Fig. 2: Calculated conductance curves using
the Dj; distributions shown in Fig. 1.
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Abstract

Self-aligned Si-quantum-dots (Si-QDs) with an areal density as high as ~10' cm? have been
fabricated on ultrathin SiO2 by using a ~4.5 nm-thick poly-Si on insulator (SOI) substrate, and
controlling low-pressure chemical-vapor-deposition (LPCVD) using monosilane (SiH4), and
followed by thermal oxidation. By controlling the thermal oxidation processes of Si-QDs and the
poly-Si layer, we have successfully demonstrated the vertical alignment of Si-QDs, where the
Si-QDs are also used as a shadow mask of the underlying poly-Si layer. We also demonstrated
in-plane alignment of the one-dimensionally self-aligned Si-QDs on line-patterned SiO>. In addition,
from surface potential measurements by using atomic force microscopy (AFM)/Kelvin probe force
microscopy (KFM), we confirmed that the initial surface potential change caused by valence
electron extraction from the dots to the tip was stably maintained until ~120 min, implying the
guantum confinement effect at discrete energy levels of the upper- and lower-QDs.
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Fig.1 AFM topographic images taken (a) just
after SiH4-LPCVD, subsequent thermal oxidation
for (b) 50 and (c) 75 min. Dot size distributions
corresponding to (a), (b), and (c) are also shown

in (d).
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Growth Mechanism of Self-Assembling Si-QDs on Ultra-Thin Thermally-Grown SiO:
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Abstract

Self-assembling formation of Si-quantum-dots (Si-QDs) on as-grown SiO> layers has been
demonstrated by controlling the early stages of low-pressure chemical vapor deposition of SiHs. The
QD height and radius distributions evaluated by atomic force microscopy and scanning electron
microscopy images revealed that the Si-QDs become hemispherical caused by being rate-limited by
aggregation due to reduction of surface energy at substrate temperatures above 580°C. Moreover, at
temperatures below ~580°C, semi-ellipsoidal-shaped Si-QDs are formed because the precursor

supply is a dominant factor.
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Fig. 1 (a) AFM and (b) SEM images of the same area taken after SiH4-LPCVD at 590°C; (a’) and (b’) are
the dot height and radius distributions of Si-QDs evaluated from the AFM image corresponding to (a).
Radius distribution of the Si-QDs evaluated from the SEM image corresponding to (b) is also shown in (b”).
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Abstract

Toward integrated mid-infrared photodetector applications composed of group-IV alloy
semiconductor, Ge1—Sn, with x~25%, we examined the in-situ Sb doping by low-temperature
molecular beam epitaxy and investigated their thermal stabilities. First, we found that Sb atoms with
~3x10?° cm? are uniformly distributed in Ge;-Sn, heteroepitaxial layer on InP(001) substrate. Then,
we verified that the formation of n-type Ge1-Sny layer with the Hall electron concentration of ~8x 10"
cm > was succeeded; a part of Sb atoms should be used to compensate the acceptor-like defects in
Gei1-Sn, layer. Furthermore, we found that the un-doped and Sb-doped Gei-.Sn, layers with a Sn
content of 23—24% showed no change of crystalline quality and carrier concentration until 200 °C.
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Fig.1 XRD-2DRSMs near InP 224 reciprocal lattice point of (a) un-doped and (b) Sb-doped
Ge1-xSn, heteroepitaxial layers with a thickness of 30 nm grown on InP(001) substrate.
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Fig.3 Optical microscope images of Sb-doped Ge1-.Sn, heteroepitaxial layer (a) not subjected to
PDA and subjected to PDA at (b) 200 °C, (¢) 250 °C, and (d) 300 °C, and (e) the corresponding

XRD 26/w profiles.
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Surface segregation of ultra-thin and high-Sn-content GeSn
on Al/GeSn(111) by annealing
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Abstract

Toward synthesizing two-dimensional stanene, which is a monolayer a-Sn, in a stable state under the
atmosphere, we focused on the segregation method using Al-Sn eutectic system. As a first step of this
objective, we examined the surface segregation of Ge and Sn from Al/GeSn(111) system. We found
that the formation of the orientated Al layer with (111) direction on the epitaxial Gei-.Sn, layer is
possible as is case for Al/Ge(111). Subsequently, we verified that the ultra-thin GeSn layer was
successfully segregated with covering the Al oxide layer and the larger Sn content in the segregated
GeSn layer than the epitaxial GeSn layer was possibly realized although the segregated GeSn layer
was amorphous. This finding suggests that the segregation method using epitaxial GeSn layer is
promising to realize not only stanene but also two-dimensional alloy composed of stanene and
germanene in a stable state under the atmosphere.
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Fig.3 (a) Ge 3d and (b) Sn 3ds. photoelectron spectra measured at various TOAs for Epi-
GeSn/Ge(111) structure subjected to the Al deposition at 100 °C and PDA at 300 °C. Each
spectrum was normalized by the corresponding Al-Al peak intensity of each Al 2p spectrum. (c)
Area intensity ratio of Al-O, Ge-Ge, and Sn-Sn signals to Al-Al signals as a function of TOA.
The area intensities of AI-O and Al-Al signals were obtained from Al 2p3/» component, while the
Ge-Ge and Sn-Sn signals were from Ge 3ds2 and Sn 3ds» components.
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Abstract

Impacts of annealing temperature and time in N2 ambience of Al/epitaxial Sip.Geos(111) stack on

Si(111) structures on Si and Ge surface segregation have been studied by XPS analysis.

Annealing

temperature rather than the time was found to be important in controlling the Si and Ge segregation.
Segregated Ge on the Al/Sip.Geos structure was stable against the oxidation due to the surface Al
oxide layer and segregated Si from the Sio,Geos layer.
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Fig.3 Photoelectron take-off angle dependence of (a) Ge 3d and (b) Si 2p spectra for the 30 nm-
thick Al/Si02Geo.s(111)/Si(111) structure after the annealing in N2 ambient at 500 °C for 30 min.
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Fig.4 Average thickness of segregated Si and Ge on the Al/Sio2Geo.s(111)/Si(111) structure after
the annealing in N2 ambient at (a) 300 °C and (b) 500 °C.
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Abstract

Effects of surface oxidation of Si/Ni/Si structures on silicide formation and surface morphology

were systematically investigated.

It was found that the surface oxidation promotes surface

roughening after silicidation annealing, which depends on a process of the surface oxidation. Also,
it was found that NiSi2> and Ni-rich phases are formed after the silicidation annealing, and that the
oxidation leads to formation of the Ni-rich phase due to lack of Si atoms. Consequently, we found
importance of the surface oxidation control in order to form a NiSi; layer with a single crystalline phase.
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Abstract

We focus on the formation of a tellurium layer by thermal annealing of the defective 2H-MoTe;
generated by ion implantation. It is found that the tellurium layer formation is caused by both ion
implantation and thermal annealing. Furthermore, we demonstrate the structural anisotropy of the

tellurium layer fabricated by this technique.
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Figure 1. Raman spectra for a sample
fabricated by thermal annealing of the
ion-implanted MoTe2 (sample A), and
reference samples without the thermal
annealing (sample B) and without the ion
implantation (sample C).

TREIC DT~ U AT MvEIRT, TRE
AlZRBWT, 124 L 143 cmM I CTHER T ~ >
=7 B LNTEY, A7 MLORRBLL
AN STV 5 2H-MoTe, (2 L —H — Rk}
THZETHLNLIABDT v AT v
ERLS—HLTWD[4], i, 3BFA T
AFFEANEBILEZB 2 70 ) 2 LT, AEaE
&N 2H-MoTe, O b LTz Z L 2R LTV 5D,
2H-MoTe, ([Z L — ¥ —HH 95 & Bk IT K]
L7c RPTHI e it da B R8N & | KT R e D28
TTelpENEZ Y, MTe @0 INLZ &
DESHTWD, L TR A IZBWT
X, Ar A 3 UEAZ LD 15 5D KGR
BB X DS OBWERIZ I D . TVLVE
DR INTZEBZ NS, —F, 3k B &
BFC TIE, 124 L 143 emM i —Z XA 5N
P, 235 cemIZBWVWTOARA Y= RE LN TE
D, A FEANEBLEEONTNNDOHE R Z
725 T, 2H-MoTe [ Lt IE 2 AHERF L T D
ZEHERLTEY, 2H-MoTe, 726 7 /L VE~D
femEIE R I, A dh R BIZA & i G O EE
DOHAEERPVETCHLZ LA RL TS, &
B A IZOWTZ 1 F =300 X #io ik

||

Te

MoTe,

Figure 2. Cross-sectional STEM-EDX
maps showing the spatial distribution of (a)
Te, (b) Mo, and (c) O atoms obtained from
sample A, respectively.



(EDX)ZRE LT Z A, Ar A A BT 215
FIIMHINTE LT, TEASHZ Ar A F
WX, BVLERHR I REHPICHBE L 7= B 26D,

2(a)-2(c)IZ ik A @ STEM-EDX D (a)Te,
(b)Mo, ()0 JRFDIEFDILHE~ v FEHRT,
FEm A5 120-170 nm LTl Te DABZFLE L
Tk Te 7/ —FEERALTNDLZ 0D
N5, Eio, 170 nm XV EWEE TIE, Mo &
Te 23 1: 2 TFELTEY MoTe, Dff kL %
HEEFLTWD, SRIM a2l —v 32 8b
oD A A AEAKRMGEES 23 170 nm FREE T
L LEBETDHE, KA TORIHIC L
DREPD OFRFNILHETHZ & T A1
AR BESEIR O FUE T HIZ 380 T Te 3B L,
Te )l /v—bhERHKLIZEZEZLND,

ZD Te 7/ v — FOREEHEEIZB W TR
BIPENTEAES 5 2 L 2R d 72, AENHRT
~ VRIE E AT o 72, K 312, A FE % 0-180°
F T 45° TOERSEIHAEDT v AR
MV AT, BEEIZES T, 143 emt o
— ZBREN, B L TWA 2 ENnD, 0
Eohvr—rmEOZENE, /v — MRoT
NVFERRICEE RGN H D Z L 2R LT
%o LAHNZHE SN TWD X HiT, AES AR

AN
I SN
o X X
= / R 135 §
3 " e
= /\
% » 74_// A a il _»90
’é /p\‘ /\
- s’ = = /‘ \b\'\—_ A, 45 -
I
Lt N M

100 120 140 160
Raman shift (cm!)
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polarization for angle-resolved Raman
spectra for sample A.
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Abstract

In this study, we fabricated a metal-insulator-semiconductor (MIS) capacitor employing exfoliated
hexagonal boron nitride (h-BN) and a bilayer of molybdenum disulfide (MoS:). Notably, this work
represents a novel contribution that has not been reported before. Subsequent to these discoveries, we
observed the interface state density utilizing the conductance method and documented a minimum
value 2.4 X 10" [cm?2eV™']

1. ZL®HIZ

2 /kjnﬁﬂ TR E D CMOS A7 —1
/7 Téﬂ‘ﬂ'k LTEQEEE éj/b‘fju j’f
W5, BREBYA L2 A K (TMDC)
2B 1 >THY, N R¥y v 7%
ALTWD, SHIZFHELTATGOHAL
RE&E 2T HAL, WEAFRIC L TRES T
(Zo 7V TRy R) 2RV, 07
YU a5 F v RAMEE L CTHIFE
SNTWD, ZDOTbEkEx et 3E R’ Tl T
B, K2ttt 75 (MoSy) P2tk L
/M&/&XT/(W&Q%%wtﬁﬁﬂ%
kZ A% (FET) OWENREALTH D,
TO—J, ) areFf v LirEo
PR EHZ B W THREEMFE SN TE 724
B Mk (BB L) « P8k E v XX
(MIS(MOS)capacitor) D HFFE I, @/u“(“@i VAN
<HEHEBITEALERY, FOFEEBO—D]
%ﬁ@rﬁiﬁajﬂﬁémo%%®Mm
capacitor DOREIE TIE 2 T g 18R EHT xf
LT, HERENPRELoTLEY, LD
FRERN R 5N 2o TLE D &V ) EN
Hotz, TO, fHFMEETO R mUENr
af(m)®ﬂmﬂlﬁf%0 PERF NG
nf%t:yﬁa&VX%miéﬂﬁﬁﬁ%
Thbd, £lz. mEBRAE (high-frequency
method) 2BV TH TMDC O#ptE» E &AL X
%T?ﬁw:kﬁ%\ﬂﬁTélkmﬁ%T
D[,

ZODAENL, ANTMmERTFE (h-BN)
E Wb Y 75 (MoSy) ¥ N X DO
EETRTHZET, %ﬁﬁiﬁi(cvﬁr>
BT A EEAREICL, SHlLavg s
fVX%%ﬁwTIh%NE¢5:kKﬁ%L

2. FEBSM

Fig.1 Schematic illustration of 2-BN/MoS,
MIS capacitor.

T MST 10 DEEHELIEOLLS Y 7Y
VTV a—v (IPA) TI10 o L= 7 A
HEREZHE L, TOEKR 7+ FL TR



F & LT PMMA 950 A5 # A v o —& — 2T
WAL, 453K DAy N7 L— KT 2 Zpff]—
7 &ITV, T DO%AMBEMETH D HERDO T v —
T w7 HEES T2 Aqua Save x A a— 4
— T, D% 353K (2T 1 MRz EE T -
7

W, BRY VT T 7 4 —ITTHEMR Elos
H— AW 24T, Z 0% Ti/Pd (3/10 nm) %
FRAE UEMmAERLL 72,

Z LC. HMPRIEEC > CTHE 57z h-BN
& MoS, % K74 b7 A7 7 —[2\iC T L
WZhTF A7 7 —L, 1EHOEMIERREE
FREIC L CERRY V7T 7 4 — 2TV H
—MERL Z D% In/Au (10/70 nm) % 7&%E L
7~
ZFD%, BZedz T =—/L (573K,1h) #1T
v\gp%MAummwxmfﬁﬁﬁiﬁﬁ%w
E LT,

3. S

ET. MERD MIS F ¥ R ZIEETORE
KERFEICBNT, FEREPRKEHDR
K& LT Fig2 O& )R> TWNWHDT

X7 EELE LT,

B conductive region

Insulative region
Depletion
| h-BN h-BN
g I...
 — e —

h-BN _ h-BN
Ta " o
__Bottom [
Fig.2 Comparison of two different structures of
h-BN/MoS> MIS capacitors.

F9. kD 2D MIS & ¥ /XU Z Tk, M4
BEINEAE L L TIHEL TSI Enb,
PR NEZL LT LT, BRZTT
DREBEMENEFEREE L THREAL, ELW
BARERMEIEONR D,

T TR TITRERICa 27 T H4Ee
BOHBEAZWO T LA MoK E Y > 7
RiIZTFHrTRERL, WRFELOFERED
R EIT > T, EORER, AKD MoS, DEE
KEFMEZRET D Z kB L-, (Fig.3)
FZTCZOEZHWT, 28 MoS,/h-BN MIS
Xy U HEERL, BEREFEL T
f&&yx%%mmftn%wﬁﬁézkmb

Accumulation

D

04f
~TMHz &
“100kHz

3 2
Gate Bias[V]

CluF/em’]

L M: :.
R

10 8 6 4 -2 0 2
Gate Bias[V]

Fig.3 CV curves of (a)conventional structure
and (b)original structure.

Fig.4 optical image of a 2-Layer-MoS,/A-BN
MIS capacitor.

TFTRUGIICED . ARTSA AW MoS,

F2ETHD - L 2MRR LTk, HAETITTH
BRI -7, (Fig.5)
0.2
015} .ﬂg!H!%I!!!E!
Fmy lllf“'
§_ 0.1Ff z
5 1L
0.05 ,....,mb
1Mkhz 40khz
0-2 -1I,5 -I1 -Ol.5 (lJ 0T5 1
Gate Bias[V]

Fig.5 C-V characteristics of the 2-Layer-
MoS,/h-BN capacitor.

40kHz LA T AR JE i sk L 2 36\ TR B o i
DL, BEREFMEZEBNT 2008 L
Mmolz, ZLT, SHlcaryyr sy Ak
LT Dy ZHHTHE Di=2.4X10"cm2eV!]
(Ve=-1.6[V]) ZiecT 25 Z LTI LT,
(Fig.6)



4. £L

0% e T — AWFZETILIE MoSy/h-BN MIS F ¥ /33 & %
I i} {EBLL . 2 IR MIS & v /33 & TO%AE
:Em”-:‘"- L : 3 oo REORKEE., ZHIZL > TEHRAIFREL 2o
Ay 4 RECED Dy DS ET- 12,
Tt . * L% 1E CVD AR S 72 MoS, Z# VT, MIS

3 ludg(rr;q[HEz.]J 6 0l .I'éaw.é‘zasm.'u 5ot YNV H B ME%# 5. * 7~ "H"%E'Ij i, '71/\‘

A ZADHEBE/MCIZTTTZERYMAD 1 > TH D

Fig.6 (a)Relationship between Gp/Amq and ALD FRBEC Ko T G 7z high-k #aifxE &
log(frequency) for various vias ranges, and CVD K L 72 MoS, (22U TA [E O R & ]

(b) Calculation of Dj from these curves. T 5 2 & TR A RE L 2 o g R0 3

bZBi L+ Z W EN5s,
20kHz LA F D 2 v 27 2 0 AT E R B4
MOSEE L TWBEZ LG, FEREDR BiEE: ARWFZE1X JISPS BHiFE: JP23K13361, IR

RINC L0 AR LT D B2 B, HIL 2 boy (), RERAMELOmA
SHBORBELT S LDNDbOELT BRI BT 0 S4B 2 2 1 T B,

- U — 7 BRI X B AR

- BN EEIC KD 7 A RO BB

REREZLN, INLEHRETHEDITIE. References. o
high-k [z WS 2 L TL 0 iEEOE S 28 [1] Chen, Xiaolong, et al,. Nature communications 6.1

- S NE S A 6088 (2015)
g?kggﬁf?%ﬁﬂt41%ﬁwfumf [2] L. Wang, et al., Science 342, 614 (2



ALD DORBICHET =AY B LEEZET =—VIZX D
WSe: RE~D Se KaEA
Introduction of Se defects in WSe: surface by ozone treatment and vacuum
annealing for ALD process

TR

NS AR, SRS K

T 2!, HA !

1 THERY T263-8522 TFHEMFMEXIRAEM 1-33
Takuya Kojima', Daisuke Horiba', Mengnan Ke', Nobuyuki Aoki'
1 Chiba University, 1-33 Yayoi, Inage, Chiba 263-8522, Japan
Tel:+ 81-043-290-3430, Fax: + 81-043-290-3427  (e-mail:n-aoki@faculty.chiba-u.jp)

Abstract

Two-dimensional semiconductors, such as transition metal dichalcogenides (TMDCs), are gaining
attention as potential channel materials for future VLSI. However, it has been noted that the
conventional atomic layer deposition (ALD) method, commonly used for forming high-k dielectric
layers, poses challenges for TMDCs due to the absence of dangling bonds on their surfaces. As one
method for realization, we are focusing on surface modification through ozone treatment. In this
study, we performed UV ozone treatment on WSe2 samples without heating to introduce Se defects
in the outermost surface layer of the trilayer WSe2. We report the changes in field effect transistor
properties and the X-ray photoemission spectrum, confirmed by ozone treatment and vacuum
annealing, and discuss the potential for application as the ALD seed layer.
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Abstract

The orientation dependence of band alignments and the formation of dipoles at 4H-SiC/SiO; interface
are theoretically investigated on the basis of first-principles calculations. The calculations
demonstrate that the offsets of valence and conduction bands depend on the surface orientation and
chemical bonds at 4H-SiC/SiO; interface. The calculated conduction band offset on interface with Si-
O bonds at the Si-face is found to be larger than those on interface with C-Si (C-Si and Si-O) bonds
at the C-face (m-face). Furthermore, it is found that the atomic configurations at 4H-SiC/SiO>
interface results in the formation of dipoles, whose magnitude is large for Si-O and C-O bonds. The
formation of large dipoles significantly changes the band structure of 4H-SiC, resulting in large
conduction bands offset. The formation of Si-O bond with large dipoles at the interface is of
importance in order to obtain large conduction band offset.
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Fig. 2 Schematics of band alignments for twelve different 4H-SiC/SiO; interface structures
calculated using hybrid-functional calculations. Si-O, Si-Si, C-O and C-Si represent the bonding
atomic species at the interface. SiC-VBM and SiC-CBM are shown by dashed lines, while upper

and lower short bars represent positions of SiO>-CBM and Si02-VBM, respectively.

I C U EOERB IORERBEICH L OX Si-
O BIO C-Si fEGMND s R itEEIcERT
% & SiO, R bEOREEIZEMR e < ST iz
TCHBEIYm EIZHENTRE REEA4 T
vty hEbLOZERDNY, ATy FOH S
NARAEPE DR IEIE . XPS 12 & B HIERE R3] —
HBLTWD,

Fig. 31X SiO igfbfsil LT U A RNT A |
WS ZH ) Lz & & 0 4H-SiC/Si0, R BT
LEMBEAENM AR LD TH D, R
BT D EMBEENMOFMEY Si-0 BLW
C-O fEEmrosmicEBNTHEO Si B&
W C JFETMND O R ~DKRX 72 BMBENN A
bid, £z, TOREFEE LT I 1L 5 M
TORXE(AFEAHT D)L, 531 x 1073°(Si-0
f A ). 4.02x1073° (Si-Si f &) . 579X
1073%(C-0 #EE)E L 12,74 x 10739C-m(C-Si
AMERBELOND, Fig 1 IR LAY RE7
Ty NOFHERR L KT S & BERA T
v b EBBF-ORE SRS LTEBY, C-Sifba
TITIB AR S5 BAR1- 23 i 0] X (272 5 72 Din
WA T2y RBN/NEL 2o TND I ERD
D%, LLEDORERNG, iz W THEEFEIC
R LI RNEREINDZ EICED, 20
] X LK X SIS U T 4H-SIC DA 15 237

LEFERL TIN5 2 & TR FEFI IR
EIND I ENREBIND,

Fig. 4 1% 4H-SiC(0001)/Si0, A (2351 5 C B
TR B D S SR 1A [ 13] O AR 3 L OVEE
EEEN A &R LTZ b DT D, Fig. 4 L
BB E SN R D &, SI-ORENLRD
4H-SiC(0001)/Si0, Fitii & DZEALITIZ E A LR
LI, ZOZ L XD, CBEEXMRICE D5
M AR~ D EIIWNTH D Z & PR S
o,

4. £ ¥

4H-SiC/Si0, Rz BT 53 FEdslk L O
PARFTERRNC DWW T —JRBERICH & D&
PRERAOICHRIT L=, ZOREE. N RESNTR
DR FELEICKGTET D Z EBbhroTz, 72,
TTINSSIYRAY: i ey IR St Y
—HICERETH D Si-0 BL O C-Si fEAICIER
THE, StHIZBWNWTCCHBEYmmEELY L
RERQBREHEA 7Yy 2L RN D
ZDOZ LT XPSIT L AHIERRB]E B L,
5T, HEORFELE KA L7 3R 03
S ID T LR ELTz, Si-0 fE A RS T At



(b)

C-Si

Ap [1073e/A)
Ap [1073e/A]

8p [10~%e/A)
i
|
e
’

20 2 30 35 40 20 2
Distance [A]

) 3 40 5 10 15 20 25
Distance [A)

Distance [A]

Fig. 3 Charge density difference at the interface on (a) Si-face, (b) C-face, and (c) m-face, which
are considered cristobalite structure as SiO; insulating films. The upper side shows isosurfaces of
charge density difference. Charge accumulation and consumption are depicted by yellow and blue
isosurfaces, respectively. The bottom side shows averaged charge density difference along the
[0001] direction. Dashed vertical line in the lower figures represent 4H-SiC/Si0; interface.
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Abstract

The atomic structure of gallium oxide at the AlO3;/GaN interface was investigated using
photoelectron holography. An amorphous Al>O3 layer was formed on a homoepitaxially grown n-type
GaN surface by atomic layer deposition at 300 °C. The photoelectron holograms were measured by
a display-type retarding field analyzer (RFA). From the forward-focusing peaks in the photoelectron
hologram of Ga 3d, we confirmed that a layer of gallium oxide ordered structure is found at the
AlO3/GaN interface, and the Ga—O—Ga lattice constant on the c-axis was 1.2 times longer than the

Ga—N-Ga distance of the GaN crystal structure.
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Abstract

We investigate the structural stability of Ga,Os on a-Al,O3(0001) substrate on the basis of density functional
calculations. The calculations of interface energy demonstrate that the interface consisting of a-Ga;Os and a-
AlL,0O3(0001) substrate is stable compared with the interface consisting of B-Ga,Os and a-Al,03(0001) substrate.
It is therefore indicated that not B-Ga,O; but a-Ga>O3 can be formed on a-Al,03(0001) substrate. Furthermore,
the calculated interface energy for 3-Ga,Os/a-Ga,Os is found to be positive, suggesting that the formation of
B-Ga,Os, which is the most stable in bulk phase, is difficult even after the formation of a-Ga,0Os. The calculated
results imply that the effects of lattice strain and surface stability are crucial for the formation of a-Ga,O3 on

a-Al,03(0001) substrate.
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Fig. 1. Side views of Ga,0s3/a-Al,03(0001) interface models, (a) a-Al,Os/a-Ga,0s, (b) a-Al,03/B-Gax0;
with fourfold-coordinated Ga atom at the interface (a-Al,O3/B-Gax03-1V), (¢) a-Al,O3/B-GaO3 with
sixfold-coordinated Ga atom at the interface. Blue, green, red, pink circles represent Al, Ga, O, artificial H
atoms respectively. Black rectangles denote the unit cells.
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Abstract

Energy band structure and the energy distribution of defects for 3-Ga203 have been studied by using
the photoemission measurements. A 680 pum-thick Sn doped B-Ga»0Os substrate after wet-chemical
treatment was used in this work. Surface orientation and donor concentration of the substrate was
(-201) and ~4.7x10'8 cm, respectively. Then, p-Ga20s surface was cleaned by the dipping in the
diluted HCI solution and pure water rinse.  From XPS analysis, bandgap energy and electron affinity
for the wet-cleaned Ga>O3 was determined to be 5.0 and 3.35 eV, respectively, within an accuracy of
+0.1eV. Alarge amount of filled gap states near the VB side originating from the surface states and
bulk defects was detected from PYS measurement.
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