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Modified In-plane Structure
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Fig. (a) Raman spectra of GO, rGO, and rGO_140. (b) Relationship between the samples and the etching
depth after 16 h at 50 °C.

£ 3CHR (1) W, Kubota, et al., Langmuir 37, 9920 (2021) (2) W, Kubota, et al., ACS Appl. Nano Mater. 5, 11707 (2022)
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Selective etching of Ge surface assisted by nanocarbon catalysis
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U730kl K OY, <10V O/3A 7 2 %HII LT MACE L7z surface etched for 3 hours in
BB SEM {24773, /S 7 AEELTOARDEE, (a, ) Oz dissolved water and
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N5, ZOFERNL, XA TAEZEHNTHZ L1280, i
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References Fig. 2. SEM images of (a), (b) top and

[;] % ngase et ?1.,CCthEliggmgglegn,gs(lzo15) 1656. (@), (b') cross-sectional views
. Hirano et al., Carbon, . .

H W. Kubota et al., Jpn. J. Appl.( Phys). 58 (2019) 050924 of the Si sample after MACE.

[4] R. Mikurino et al., J. Phys. Chem. C, 124 (2020) 6121. (a, a") without applied bias and

[5]J. Li, S. Yamamoto et al., Electrochem. Comm. 163 (2024) 107735. (b, b') with -10 V bias applied.
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The influence of Ar/N2z gas flow ratio on the electrical characteristics of

ferroelectric hafnium nitride formed by ECR-plasma sputtering

Tokyo Institute of Technology, K. Li! and S. Ohmi?

E-mail: 'li.k.ai@m.titech.ac.jp, 2ohmi@ee.e.titech.ac.jp

1. Introduction

The ferroelectric HfO, thin film has captured
considerable interest due to its compatibility with
Si and scalability. However, the formation of a
SiO; interfacial layer leading to depolarization
fields and degradation in device characteristics. We
have reported that the ferroelectric HfNj 15 thin
film formation on Si substrates without interfacial
layer formation [1]. One of the issues of
ferroelectric HfN 5 thin film is the small memory
window (MW) [2].

In this research, we investigated the influence
of Ar/N, gas flow ratio on the electrical
characteristics of HfNy thin film to improve the
ferroelectric properties.

2. [Experimental procedure

A 100 nm thick field SiO, was formed on the
p- and n*-Si(100) substrates followed by the active
area patterning. Then, the 10 nm thick
HfNy insulator was deposited followed by the
in-situ deposition of 10 nm thick HfNos gate
electrode by the ECR-plasma sputtering utilizing
Hf target at room temperature. The Ar flow rate
was 8 sccm, while the N> flow rate was changed as
6-8 sccm, which corresponded to the nitrogen
concentration in the HfNx of x = 1.10-1.15. Then,
the post-metallization annealing (PMA) was

carried out at 400 °C/5 min in N> ambient (1 SLM).

Next, Al top contact was evaporated, and the gate
electrode was patterned by wet etching. The
fabricated MFS diodes were characterized by C-V
and P-V measurements.
3. Results and discussion

Figure 1 shows the Ar/N, gas flow ratio
dependence of C-V for MFS diodes. When the
A1/N; gas flow ratio was changed from 8/6 to 8/8
sccm, the EOT extracted by the dual frequency
method was changed from 3.16 nm to 3.50 nm.
Figure 2 shows the comparison of P-V for MFS
diodes. The maximum remnant polarization (2P;)
of 1.60 uC/cm? was obtained in case of the Ar/N,
gas flow ratio was 8/7 sccm.
4. Conclusions

The effects of Ar/N> gas flow ratio were

investigated. The improved ferroelectric property
was realized by using the Ar/N> gas flow ratio of
8/7 scem.
Acknowledgements
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Figure 1. A1/N> gas flow ratio dependence of C-V
for the AI/HfNo.s/HfN/p-Si(100) diodes

Figure 2. A1/N; gas flow ratio dependence of P-V
for the AI/HfNo.s/HfN,/n*-Si(100) diodes.
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Evaluation of Defect Distribution at SiO2/Si Interface Generated by Electron Beam
Irradiation
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Univ. of Tsukuba, °Ryo Shimizu, Yasunari Sohda, and Ryu Hasunuma
E-mail: s2320280@u.tsukuba.ac.jp
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JE 3KV B LN 10kV TE BN EZIT 72,
FRIH 2 |2 B L 2 IR L. Si #RifiC LOW
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I AEHRDFET D Z &R bh ol
(Fig.1), Zauix, EBFHRREERO SioxT v
FUTAEC—=RRER L2 EEEW®L, &
T-HEREHZ X - T Si0/Si A £ 5o &
MansAERR LT Z L Zme LT\ b, Eiz,
LOW LB Z S B2 THIR I DAL Ly
ZLEDBHIBINE o, BT, BEFHROMR
FEZECLTH IFADOWI DR 3nm 2
FECEL LW ElbhoTz, Zhb Dk
FUT SiO2/Si Fimir s CIEEBLRFICERI S h
TSN L 2 f S IE DE IR J o TRIEN
AERENRTWEDTEA) EEBEZXTND, 3
YT EREAERICINZ, B RS K
BaE R B O BRI HOW TS I TERT 5,
RWFFED—EIX H LA T 7 & ORI IE[A]
fgedE [7 RV ARNSEM T 7 a0y @
WA/ TRITE N,
(@)

Jnm

Fig.1 (a) AFM image of Si surface after 1-hour
LOW etching and (b) the cross-section at A-A’
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Defect state analysis of a-Al.Os/GaN interface using machine learning potential MD
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GaN & W HERT A 2T, B, HERICKRE &R 2 R TR EROART—2 1
fr=7 2L LTHEASNLTWS. GaN ZERICHW AT —F 31 2281 2 RE RO O
EOIXRERMEIEDOIER Th D, 7 — MifEE LTTELT 7 ATV IF (a-AlO3) ZHW
Z5A, T OEEHCBWEIC L VEEA Y 7 A8 (GaO) M ER S 4L, F AT X B RIAUEN [
EBMMNT A ARHEDIK TS ER L 725 Z ERMRRSN T D. —F, BTV v AEx

NCHAE 5 2 & TR E RS E AL S 11D ATREMER FERRIC L 0 R ST v [1], St
& PR DR BN R EN TN D, £ 2 TAIFFETIL, a-Al0s/GaO/GaN S D F-E7 /v
R E R T oy VT I Y S 2L —v a3 (MLP-MD) [2liC k- TARL L, RmikkrE
DIV R E S 5B R~ T

ET, FoRES FEI)FERIREHOWSRESHIEIC LTI AIFE2TELT 7 A{EL, E
B bItE SN R EE 5512, a-AL0y/Ga0/GaN Rt T LV &1ER L=, RIZ, ZOET )V
ERWEE B EDOT —# % on-thefly JEIC L > THFET L2 L THBFERT vy L%
EE LT, ZORT vy b % Tz MLP-MD 12 X » T, KEFE T /L5 1000 JR )2k L TE
REEIREFN 21TV, 15 O 7o IE DB IREMT 217 > 72,

a-Al,03/GaO/GaN Hiifi &7 /L% 400—800 K T 1 ns f&Fn
SETMEEIC LT, F—FHEEEIC L > TRIpEZ
FFA L7246, Ga-O 5 & OARIHGH /3 KM TERL AN Ak

BT LBt (Figl). EIARRIRIE A BRI 7 DI$99.14).04.094:9 98

S £ 0 0O 4
BITY, REICHT S Ga DU TEICA Y, KK __,_,f"‘.’ 69906 i_f_’
OIS £ 0 FEICBEE S . 3 TR 5 s A ! >I;mowf‘ooo a0

. \ ()C(:;J«‘ Q_, 2o
EIX, KBRS T 7 05K RO : NH e

G L IFE L VAT N THD I EBPMHERTE .
—7J7, GaO JgZ A LW A Cld, Ga-O fEa DR
H53R° Ga-N A DRI K 2 KGN 2B S dv7z. =
NHORR LY, Ga-0fEE DA EET % & FTK
BaHENL S FE DM T~ 5 2 L 2SR STz,

Fig.1: Interface structure of
a-Al;03/GaO/GaN where in-gap

defect states are visualized (yellow).

(1) Uenuma et al., Appl. Phys. Express 15, 085501 (2022).

(2) Jinnouchi, Miwa, Karsai, Kresse, Asahi, J. Phys. Chem. Lett. 11, 6946 (2020).
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Preparation of colloidal Si quantum dots embedded ion crystal powder
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Fig. 1: PL spectra of Si quantum dot solution and

that embedded in LiCl crystal powder. Inset shows
the pictures of colloidal Si dot embedded LiCl

under room and UV light illuminations.

S R
1) T. Nakamura et al., APL Mater. 8, 081105 (2020).

2) T. Higuchi et al. J. Appl. Phys. 135, 094303 (2024).
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Transport Properties for P-doped strained SiGe/Ge
grown on Patterned Si(111) Substrates
RE#MAKRE', BRKEMRT CSRN %, BrX OTRI *
ORH#F R—H' HME K’ BA F' AF BE' LUE EF' EE RT2° BEH BXB'
Tokyo City Univ.t, CSRN Osaka Univ.2, OTRI Osaka Univ.?
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E-mail: g2381246@tcu.ac.jp
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DAERRRATRE L 70 D A b =2 AT NA RIGSHATE D, —FH, BRI K DHEM K
DOFRENEE 20, ZOMHPEETH D, Fxld, N —= T %179 T & TRIEDHE
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LTI NRY —= o I L > TRWEEA SiGe BE B L. BWE T BENE 2 157- 0 THlE
T 5,

2.ERHE: T NIV T T T4 RTATyF IR0, SI(UY)ERIZ A ——HpD A 4
WRE == T hAT o, "F—=2 7 LTz Si R EICE R Y — A MBE % fiVWC, KR Ge
J&(Tg = 350°C, 40 nm), ik Ge J&(Tg = 700°C, 400nm) % fi % & H7-1%. £ SiGe JE(Tg =
350°C, 50 nm)% P 0> K — "> 7 25 2 CHEBL L 7= (Fig1), Befhlors— b 3 —abRHC ks
(A Z7EE L, B CTHR—AHAEZIT> T2,

3EBER A MIEICL DX Y U TEHEELR—VEBEEORMEGE Fig. 2187, $x U7X
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Figure 1. Fabrication procedure of P-dope density for strained SiGe with various P-doping

SiGe/Ge-on-patterned Si(111) density on Ge/Si with and without pre-patterning
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1. Introduction

Among deep learning methods, robust and effective de-
tection models often rely on a large amount of defect data.
Insufficient or imbalanced defect data can have a negative
impact on neural network training. However, the product
production process aims at high yield, so defect data is diffi-
cult to obtain, which is inconsistent with the needs of train-
ing neural networks. To solve these problems, a physically
based rendering method is adopted, using rendering software
to build a virtual environment and generate many synthetic
images [1]. This study introduces a method for synthesizing
images of microstructure surfaces using physics-based ren-
dering techniques. The method can be applied to objects with
any micro-structured surface and can be rendered in any
viewing direction and lighting conditions.

2. General Instructions
Microstructure Modeling

A 3D rendering engine is used and set the microstructure
parameters to create the model. The groove size, depth and
spacing were set during modeling in this study.

In the virtual environment, various parameters can be ad-
justed arbitrarily, such as the type and intensity of the light
source, the size and position of the camera sensor, and even
the material properties can be adjusted.
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Fig.1 Magnified view of microstructure surface objects and their
structures in the virtual environment.
Optical Path Difference Calculation
The variation in surface rendering depends on various
factors such as viewpoint position, lighting environment,
and wavelength. Due to differences in microscopic struc-
tures, a wide range of structural colors are produced. How-
ever, all structural colors result from the interference be-
tween multiple waves with optical path differences. There-
fore, the optical path difference parameter alone can be used
to represent various structural colors [2].
Representation of Interference Waves
The interference shader implemented in this study is
based on the derivation results provided in [2]. The intensity

of the interference wave caused by the microstructure sur-
face is expressed as:

1) = Zn:Af +Zn: Zn: 2A;A; cos (?(Ai —Aj)) 1
i=1

=1 j=i+1
Color Calculations

To visualize color, the spectral distribution needs to be
converted to the RGB color system. The spectral distribution
is first converted to the XYZ color system, which is the basis
for every color system that serves as the CIE standard color
system. This is obtained by integrating wavelengths in the
visible region (360 to 800 nm) using the following formula:

for simplicity, only the results for X are shown here:
800

X = f RA) - I - x(L)dA )
360

Equation (1) is treated as reflectivity, so R(1) = I(4), and

replaced it with R(1) of equation (2). The XYZ color system
is then converted to the RGB color system using conversion

formulas [3].

3. Conclusions

This research uses rendering software to create virtual
environments and objects to produce virtual images. Com-
bining rendering software with physically based methods is
discussed. It is capable of rendering diffraction and interfer-
ence phenomena on microstructure surfaces. In the future,
quantitative metrics will be needed to evaluate whether ren-
dered images are realistic enough compared to real captured
images.
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Fig.1 Histgrams of V;;, and Q-Q plot for (a) 300 different discrete impl‘llrities configurations calculated by
drift-diffusion simulations and (b) 13,000 different discrete impurities configurations predicted by
machine learning model.
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Monte Carlo Simulation of Crystallographic Orientation Dependence of
Electron Mobility in Semiconctor Nanosheets
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Fig. 1 [left] Schematic diagram of n-Si nanosheet.  Fig. 2 [center] Subband structure of the n-Si
nanosheet (dotted lines). Solid lines represent E(k(f)) for F = 5, 20, 40kV /cm. Fig. 3 [right] Mobility as
a function of W, with (without) the ODEM-induced subband transitions shown by the red (black) marks.
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