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On a Mathematics Class with Mathematica

Akira SEITOH

We introduce the 2D or 3D graphics and movies generated by Mathematica to our mathematics

class for our students to understannd various mathematical concepts better.

Keywords : Students Better Understanding, Mathamtica.
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Approaches to Keeping the Scholastic Ability in Mathematics during Long Vacations
and Helping Unprepared Students

Yoshiyasu YASUTOMI, Yuko ICHIKAWA, Seiji KONAKAZAWA, Hajime NAKAZATO

The Department of Mathematics has opened the Self-Learing Classes for unprepared first-year
students and the Mathematical Counseling room for unprepared second-year students since 2012.
And then we have given them tests to see their achievement after long vacations. The tests are
partially used for evaluating their final grades. Because of these efforts, the number of students who
fail to earn a credit in mathematics in the first semester went down in 2013, compared with 2011.

Keywords : Basic Mathematics, Unprepared Students, Self-Learning
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Effects of Regular Math Practice and Needs of Students
Yoshiyasu YASUTOMI

The Department of Mathematics has given the first and second-year students assignments during
long vacations and tests to see their achievement after long vacations since 2012. They are well-
received by students, because they know that assignments and tests in math classes are effective in
developing their skills in maths. For the same reason, they request more math quizzes and simulated

tests in regular math classes.

Keywords : Regular Math Practice, Development of Mathematical Skills, Needs of Students
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Trial of Technology Education that Make the Paper Air Craft for Elementary School Students
Hirotaka TSUTSUMI, Hiroyuki NIKKUNI, Daisuke KITAKOSHI,

Toshitaka YASUDA, Tomoyo MITANI

This study deals with the technology education using the paper aircraft for elementary school
students. In this project, it was combined with technology education and PBL education based on

try and error.

The problem-decisional education to children is tried, and the technique systematically done the
problem solving is learned by the utilization of knowledge and communication. It was designed and
was produced, though the theme is the paper airplane make, and though children do trial and error,
and it experimented, and it was supposed to put the result of the best out. In the paper airplane
make, the worksheet for clarifying approach and thought process of the self was prepared. The
project was evaluated on the basis of the questionnaire from children.
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A Trial on Improvement of Tensile Strength and Decreasing Stress Concentration at
Bonded Parts of Adhesively Waved Butt Joints

Jyo SHIMURA, Yohei KAWASE, Shigeru KUROSAKI, Takeharu HAYASHI

In this study, we have suggested the new joint configuration, which has scarf angle and a wave-shaped surface
at a bonding part. At first, mechanical property in the presented joint subjected to static tensile load is analyzed,
using finite element method (FEM). FEM analyses to clarify the stress field at the bonding part are carried out.
To confirm the reliability of the analytical results, experiments for strain distribution measurement by using
strain gauges are performed. In addition, effects of curvature radius of waved surface at bonding part on stress
distribution were examined. As a result, stress concentrations at edges of the bonding part of the presented joint
were expected to decrease lower than the conventional waved butt joint. Furthermore, it was thought that the stress

concentration decreased at center of bonding part as the curvature radius increased.
Keywords . Adhesively Waved Butt Joint, Stress Distribution, Stress Concentration, Finite Element Method
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Table 1 Material properties of adherend and adhesive

Young’s modulus | Poisson’s ratio
E [GPa] v
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Table 2 Stress concentration factor of each joint

Curvature radius Stress concentration factor

7 [mm] Adhesive layer ognes. | Adherend dagher
3.1250 1.020 1.400
53125 1.019 1.259
7.5000 1.019 1.193
Conventional type, “waved” 0.953 1.478
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Scale Effects on Performance and Flow Behavior of Water Hammer Pumps
Sumio SAITO, Hirofumi OCHI, Keiji SATO, Nozomi TSUKAHARA, Jyo SHIMURA

Water hammer pumps, taking advantage of the water hammer effect that can cause problems in fluid
pipeline networks, are capable of pumping water without any outside power source; therefore, the pumps can
provide an effective means of fluid transportation even in regions where social infrastructure, such as energy
and power networks, has not yet been well developed.To explore the performance of water hammer pumps
in comparison with the characteristics of general turbo pumps, our previous paper focused on understanding
the basic hydrodynamic characteristics of water hammer pumps by experimentally examining the effects on
the hydrodynamic characteristics by representative geometrical form factors, including the internal diameters
of the drive pipe and the lift pipe, the form and the capacity of the air chamber, and the drive pipe tilt angle.
The previous paper also focused on the form and specifications of each essential component of a water hammer
pump main body. In order to explain the flow behavior in the valve chamber and the air chamber, the authors
further clarified the effects on the water hammer pump performance by the length of the spring attached to
the drain valve and the drain pipe angle, including the effects on the pump performance upon changing the
air volume within the air chamber. Furthermore, the previous papers focused on the form of the lift valve to
examine the effects of the size of the valve seat opening area of the lift valve on the pump performance and flow
behavior within the valve chamber during operation of the water hammer pump.However, the previous studies
set the basic form of the water hammer pump and examined the effects on the pump performance for each
individual component. Thus, further examination is necessary in order to establish a design method for water
hammer pumps and develop optimal designs.This paper aims to move toward the establishment of a water
hammer pump design method, and clarifies the scale effects on performance and flow conditions by presenting
comparative examinations of the performance of various similar water hammer pumps in different sizes, taking
the overall water hammer pump system from the drive pipe to the lift pipe into consideration.

Keywords : Water Hammer Pump, Scale Effect, Fluid Transients, Pump Performance, Pressure Fluctuation,
Velocity Fluctuation, Flow Visualization
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Table 1 Experimental factors of water hammer pump
Experimental condition
Geometrical form factor
Type[l]|Type[2] | Type[3]
Inner diameter D [mm¢]| 11 25 50
Drive pipe Length L [m] 4
Angle 0 [°] 7
Material Acrylic | PVC | Acrylic
Drain pipe Angle AN 0
Lift pipe Inner diameter d [mm¢ ] 8 18 36
Lift valve | Total holearea 4, [mm’]| 58.7 190 656
Water level H [m] 0.5
Air chamber Capacity V[0] 0.485 3.85 32.1
(Spherical type)|  Air Volume ¥, [0] | 0243 | 194 16.1
Valve chamber | Inner diameter d, [mm¢ ]| 32.6 74 150
Spring Length 0, [mm] 46.7 93.0
Constant & [N/mm] 0.122 0.280
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Determination of Anand Parameters to Lead-Free Solder Alloy using Spreadsheet Software

Takeharu HAYASHI, Masaaki TAKABE, Yoshinori EBIHARA, Jyo SHIMURA

We are difficult for determining parameters of Anand model because the model is complicated.
In this study, we drove the equations for determination of Anand parameters, proposed a process
where we can easily determine them and developed a calculation system to conduct the process
based on Excel. Next, we determined Anand parameters using the developed system. Then, we
analyzed the tensile tests using Anand model with the parameters and compared FE analysis results
with experimental test data. It was confirmed that analytical results were in good agreements with
the experimental ones.

Keywords : Anand Model, FEA, Lead-Free Solder, Parameter Determination
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Table 1 Material parameters determined by Eq(12)

All/sec] 1338000
Q/R1K] 7730
Parameter ; / £ [MPal 217.56
m 0.1361
n 0.0001
Saturation
41.60 27.10
stress [MPa]
Test data -
Strain ratel/sec] 0.002 | 0.00002
Temparature(K] 298 298
Calucurated saturation stress
41.58 27.07
[MPa]
(12)
Table 2 Young’s modulus and yeild stress
Young’s modulus[MPal 50000
Yeild stress[MPal 5
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Tabel 3 Multi-linear approximation data of stress-strain curves and

automatic calculation system
(@ £=0.2%/sec (b)e =0.002%/sec
Satura Satura
Strain Temperat tion Strain Temperat tion
0.002 298 416 0.00002 298 27.1
rate ure [K] stress rate ure [K] stress
[MPal [MPa]
Calcula Calcula
Stress Inelastic Inelastic Value ted Stress Inelastic Inelastic Value ted
Strain Slope Strain Slope
[MPal strain strain rate ofc stress [MPal strain strain rate ofc stress
[MPal [MPal
5.0 0.0001 0.0000 0.00161 1.234 21.0 50000 5.0 0.0001 0.0000 [ 0.0000169 0.804 13.7 50000
23.8 0.002 0.0015 0.00191 1.252 25.5 9868 195 0.002 0.0016 | 0.0000197 0.817 16.8 7632
28.3 0.004 0.0034 0.00195 1.254 294 2250 21.1 0.004 0.0036 | 0.0000198 0.817 19.3 775
31.0 0.006 0.0054 0.00196 1.255 32.2 1375 22.3 0.006 0.0056 | 0.0000198 0.818 21.1 600
32.8 0.008 0.0073 0.00197 1.255 34.1 890 23.3 0.008 0.0075 0.0000199 0.818 22.3 500
342 0.01 0.0093 0.00198 1.256 356 725 240 0.01 0.0095 0.0000199 0.818 23.3 365
35.3 0.012 0.0113 0.00198 1.256 36.7 525 245 0.012 0.0115 0.0000199 0.818 240 260
36.2 0.014 0.0133 0.00199 1.256 375 475 24.8 0.014 0.0135 0.0000199 0.818 245 163
37.0 0.016 0.0153 0.00199 1.256 38.1 360 252 0.016 0.0155 0.0000199 0.818 249 203
375 0.018 0.0173 0.00199 1.256 386 275 25.5 0.018 0.0175 0.0000200 0.818 252 135
38.0 0.02 0.0192 0.00199 1.256 39.1 250 25.8 0.02 0.0195 0.0000200 0.818 255 125
384 0.022 0.0212 0.00199 1.256 394 215 26.0 0.022 0.0215 0.0000200 0.818 25.7 100
389 0.024 0.0232 0.00199 1.256 39.7 210 26.2 0.024 0.0235 0.0000200 0.818 259 125
39.2 0.026 0.0252 0.00199 1.256 39.9 190 264 0.026 0.0255 0.0000200 0.818 26.0 100
39.6 0.028 0.0272 0.00199 1.256 40.1 185 26.6 0.028 0.0275 0.0000200 0.818 26.1 75
39.9 0.03 0.0292 0.00199 1.256 40.3 150 26.7 0.03 0.0295 0.0000200 0.818 26.2 65
40.2 0.032 0.0312 0.00199 1.256 404 145 26.8 0.032 0.0315 0.0000200 0.818 26.3 50
40.5 0.034 0.0332 0.00200 1.256 40.5 130 26.9 0.034 0.0335 0.0000200 0.818 264 40
40.7 0.036 0.0352 0.00199 1.256 40.6 125 26.9 0.036 0.0355 0.0000200 0.818 26.5 35
41.0 0.038 0.0372 0.00200 1.256 40.7 150 270 0.038 0.0375 0.0000200 0.818 26.5 30
41.3 0.04 0.0392 0.00200 1.256 40.8 125 270 0.04 0.0395 0.0000200 0.818 26.6 25
415 0.042 0.0412 0.00200 1.257 409 100 271 0.042 0.0415 0.0000200 0.818 26.6 20
415 0.044 0.0432 0.00200 1.257 409 45 271 0.044 0.0435 0.0000200 0.818 26.7 10
41.6 0.046 0.0452 0.00200 1.257 410 30 271 0.046 0.0455 0.0000200 0.818 26.7 0
£ 1 1 1
Fig. 1 Eq9)  Eq27)
Ae™
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Table 4 Material parameters determined by Eq(27)

S0 [MPa] 17
Q/HUK] 7730
All/sec] 1338000
I3 1.2
m 0.1361
ho [MPal 7500
P 33.071
n 0.0001
a 14

e
30 f

f
L o

e (). 2%/sec calculated curve

10 0.002%/sec calculated curve -
O 0.2%/sec plot
A 0.002%/sec plot
0 | | |
0.00 0.01 0.02 0.03 0.04 0.05

Inelastic strain

Fig. 2 Curve fitting
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Fig. 3 Finite element mesh
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Construction of a System of Making to Internal Defect by Inverse Problem Solving

Katsumi FUKUDA, Yoshihiro NISHIMURA, Takayuki SUZUKI, Masatoshi FUKUTA

Ultrasonic Inspection is effective for inspecting ceramic materials because ultrasonic waves are

easily propagated in general ceramic materials. Aperture synthesis cannot derive high quality image

of internal defects in ceramic sample because the acoustic velocity of ceramic materials is very high,

compared to metal samples. In this study, internal defect images were reconstructed by Synthesis

Aperture. We investigated what kind of factor affects the reconstructed defect images.

Keywords : Ultrasonic Inspection, Array Probe, Inversion Analysis, Synthesis Aperture
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Tablel Specification of Array Probe

Material : PZT | Configuration : Rectangle
Channels  : 32ch | Frequency : 5[MHz]
Dimension of probe 1 25X25X50[mm)]
Dimension of transducer 1 0.4X13[mm)]
Curvature radius of dimension : 50[mm)]
Clearance of transducer 2 0.1 X13[mm)]

* HUR THESEHMPR &k PEEBINR G HFFET
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Fig.1 Array probe
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Fig.3 Measurement model
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Fig.4 Scanning method
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Fig.8 Comparison of each analysis model
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Fig.10 Signal sampled at 400MHz
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In Vitro Ventilation Experiment by Intermittent Oscillatory Flow through a Pipe

with Circumferential Grooves and a Respirator with Twin Pistons for Inspiration and Expiration

Akihiro SHIMIZU, Atsushi UCHIDA, Masashi SHIMIZU, Michiko SUGAWARA

A respirator with twin pistons for inspiration and expiration has been proposed and fabricated. In

vitro ventilation experiments by intermittent oscillatory flow or sinusoidal oscillatory flow through

a pipe with circumferential grooves or a straight pipe using this respirator with twin pistons have

been carried out. Variations of carbon dioxide concentration have been measured and obtained

values of half-life of carbon dioxide in the chamber as a lung space by intermittent oscillatory flow

using a pipe with circumferential grooves were smaller than those in the other conditions, in the

range of lower frequency of oscillation. Obtained lung compliance of the present experimental set up

was almost similar to the value of the typical human body.

Keywords : intermittent oscillatory flow, respirator, ventilation, half life, carbon dioxide
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Table 1  Dimensions of tested pipes [mml]

Internal configuration | Min.ID | Max.ID | OD

Fig.2 Experimental set up

Straight 18 22
Grooved(D30W10) 18 30 44
10, 10,

Fig.3 Cross sectional drawing of a pipe
with circumferential grooves
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Fig.6 Chamber covered by a sheet of natural
rubber on the left end in which a COz detector
and two DC fans are installed
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Simulation of the Reduction Technique of a Noise Generated by an Inverter in Motor Driving Range
Hideki AYANO, Kouhei MURAKAMI, Yoshihiro MATSUI

This paper proposes a technique for reducing the leakage current which flows into a power source

as a conductive noise. This leakage current may have an adverse effect on the peripheral equipment

such as causing malfunctions. The proposed method applies a zero-sequence voltage to the output

voltage references in a circuit containing grounding capacitors. The simulation results show the

effect of the proposed method in the system which uses motor.

Keywords : leakage current, zero-sequence voltage, common-mode, EMI, motor
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Table 1 Parameters in equivalent circuit.
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Fig.3 Admittance gain of the leakage current.
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Fig.8 Extended waveforms of the leakage

current with conventional method.
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Fig.9 Extended waveforms of the leakage

current with proposed method.
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Evaluation Method for Reactive Power Pricing Based on Effect of Active Power Loss Reduction

Atsushi DOI, Takurou HASHIMOTO

Reactive power is one of the most important ancillary services, and reactive power has a special

characteristic. Reactive power cannot travel very far in the power system due to its losses. So in a

deregulated power system, reactive power pricing that all participants in the electricity market can

agree is very difficult. This paper presents the method for evaluating a spot value of reactive power

supply based on reduction of active power loss. By application of this method, the ancillary service

costs for voltage regulation can be distributed to fairy to the participants.

Keywords : electronic power system, power system operation, ancillary services, reactive power pricing,

active power loss
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Table 1. Parameters of 1-generator 2-nodes model

(154kV, 100km, 2-ways)

Resistance:R[pu] Reactance:X[pu] Capacitance:Y/2[pu]

0.187 0.89 0.0064
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Table 2. Susceptance of 5-generator 30-nodes model
S/S Blpu] S/S Blpu]
1 0.8657 5 0.5600
2 0.2416 6 0.2012
3 0.4463 7 0.07557
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Development of Teaching Materials for MOEMS Technology by Using Photolithography
-3rd Report, Design and Evaluation of Basic Characteristics for Micro-Opto-Electro Device-

Hiroyuki NIKKUNI, Hiroshi ITO

In this paper, in order to develop teaching materials for MOEMS, design guidelines for guided

wave optical pressure sensors with a diaphragm were established and the optimum process

condition of the negative photoresist photolithography was examined. The sensor sensitivity and

the resonance frequency of the diaphragm depend on the diaphragm dimensions. The dependence

was theoretically examined. Also, the optimum process condition of the negative photoresist

photolithography was obtained from some experimental results. Using both the negative photoresist

and the positive photoresist, it would be developing our photolithography manufacturing technique

for teaching materials of MOEMS technology.
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Research on Sensitivity Improvement of a Polarimetric Optical Microphone Using an Optical Fiber

Hiroyuki NIKKUNI

In this study, the sensitivity of a optical microphone was successfully improved by acoustic

impedance matching. The sound pressure through diaphragm depends on the thickness of

the diaphragm. The dependence on thickness of the diaphragm was examined theoretically

and experimentally. Based on the dependence, the thickness of the fabricated microphone was

determined to be 0.061 mm. The diaphragm area was 20 mm X 20 mm. The minimum detectable

sound pressure level of the fabricated microphone was evaluated to be 100 dB-SPL. Also, the

resonance frequency of the microphone was measured to be 14 kHz.

Keywords : optical microphone, diaphragm, polarization maintaining fiber
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Silicon Nanostructure Formation by Hydrogen Radical
Hiroshi NAGAYOSHI*

Silicon nanostructure formation of silicon nanowires, sheets, and texture surface on a silicon
substrate has been achieved using hydrogen radical etching reactions. Metallic tungsten and a
tungsten hot wire were used as catalysts for the hydrogen molecular cracking. It was shown that a
variety of surface structures on silicon such as inverted pyramid texture, V groove texture, dense
silicon nanowire growth over texture, and nanosheet structure can be obtained by controlling the
process conditions. The obtained results suggested that the formation of nano tungsten silicide
particle is essential prerequisite to obtain these structures. The particles work as an etching mask
against hydrogen radical etching, as well as a catalyst for vapor-solid-solid (VSS) growth. SEM,
TEM, micro-RAMAN and XPS and in some were used for the analysis of the hydrogen radical
treated Si samples. The Si nanowires growth model, as well as the texturing mechanism initiated
by hydrogen radical treatment of Si surface in presence of tungsten nanoparticle is discussed. It is
concluded that the proposed acid free method, which is based on a modification of Si surfaces only
by hydrogen radicals, can be considered as a “green” technology approach, which can be used for
the cost effective fabrication of silicon nanostructures, which can be considered as a base for several

types of advanced devices in a future.

Keywords : Texture, Silicon nanowire, Etching, Hydrogen radical

1 Introduction
In recent years, Si nanostructures such as nanowires
and nanoparticles have attracted much attention due to
their interesting physical properties, finding
applications in information, bio-, display, and energy
technologies such as solar cells and batteries [1-7].
The silicon nanowires are usually obtained in a
vapor-liquid-solid (VLS) growth mode [8-12]. Growth
of such nanowires by methods such as chemical vapor
deposition (CVD), molecular beam epitaxy (MBE),
and pulsed laser vaporization (PLV) has been reported
[13-19]. In the case of CVD, small liquid droplets of a
metal, such as gold, form low-temperature eutectic
liquids supersaturated with silicon that act as seeds for
nanowire growth. However, preparation process of
metal catalyst mostly involves indirect, multi-step
suffers

procedures and from many processing

limitations. A  variant of this method is

vapor-solid-solid (VSS) growth, which can occur at
temperatures well below the eutectic temperature of
the catalyst particles. This is similar to a
metal-induced layer exchange process followed by
metal-induced where

solid-phase crystallization,

amorphous silicon is deposited on top of a metal film

on a substrate, for example, an aluminum film
deposited on a glass substrate[20-23]. In this method,
the amorphous silicon dissolves in the metal film and
diffuses through it during annealing below the eutectic
temperature. This is followed by the formation of
crystalline silicon nuclei on the substrate that grow
into a thin polycrystalline Si film that is confined at
the interface between the metal film and the substrate.
Growth of Si nanowire by the VSS method has been
reported from Al catalyst particles, Ti forming TiSi,
islands, and Cu catalyst particles[24-28]. In this case,
only substrate texturing, without any additional
growth of a Si layer, occurs upon whisker formation
on the Si substrate, in contrast to the case of molecular
beam epitaxy based Si nanowire growth[29].

In this paper, we report the preparation of silicon
nanostructures such as inverted pyramid texture, V
groove texture, dense fine silicon nanowire growth
over texture, and nanosheet structure using a set of
hydrogen initiated reactions: hydrogen with tungsten,
Si and tungsten silicide. We have developed the two
step process on the hot filament method. The process
consists of particle deposition with high filament

current and hydrogen radical treatment for surface

*Department of Electronic Engineering
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etching process. The WSi, particles are generated by a
gas phase reaction between evaporated tungsten and
silicon hydride that generated by a reaction between
silicon and hydrogen radicals [30-35]. In addition, we
have developed the one step process, which does not
need a filament current, is quite simple and suitable
for the large area processing of such nanostructures.
Nanowires based structures and textured Si surfaces
can be obtained on silicon substrates above 700°C
within the “green” technology approach.

2 Experimental conditions

Hydrogen radicals are produced by dissociative
adsorption of H, on the hot tungsten surface. The
filament temperature of hot filament CVD reactors is
1800°C. In this
hydrogen molecules are effectively cracked as

generally around temperature,

follows.

H,+4.5eV - 2H (1)

Other refractory metals such as Ta and Mo can be used
as well. We observed surface texturing with silicon
nanowire growth occurring at zero filament current
when the distance between the filament and the
substrate was 3mm, revealing that the reaction can
proceed only by furnace heating. On the basis of the
results mentioned above, we replaced the filament
with the tungsten mesh that closely placed over the
silicon substrate. As compared to the hot filament, this
method could be quite simple and suitable for large
area processing. In the hot filament method, hydrogen
radical density largely depends on the filament
temperature. On the other hand hydrogen radical
density in the one step process is determined by
pressure and temperature. Figure 1 shows a schematic
of the experimental apparatus. The reactor is a quartz
tube, 60 mm in diameter, enclosed in a furnace. In the
hot filament method, a tungsten filament is positioned
above the substrate. On the other hand, a tungsten
mesh is closely placed above the substrate in the case

of one step process. The gap between the substrate and

the tungsten mesh is 0.5mm. The substrate is a
polished p-type, 10 Q cm CZ (100) mono-crystalline
silicon wafer. Before hydrogen radical etching, a
native oxide of the substrate surface was removed by
5% HF solution and the reactor was evacuated at a
pressure of less than 0.02 Torr. Pure hydrogen was
used as the source gas. Experimental conditions for
the process are shown in Tablel. Scanning electron
microscopy (SEM), high resolution transmission
electron microscopy (HRTEM), photoluminescence
(PL), white light interferometry, X-ray photoelectron
spectroscopy (XPS) and micro-Raman spectroscopy
were employed for characterization of hydrogen

radical treated Si samples.

3 Texture structure formation
Figure 2 shows the examples of the texture surface
obtained using the hot filament method. Texture

Heater furnace

W filament
I$ ec000o00o0 ;mple $
]

H, Vacuum pump

(a)

L

H, Vacuu_m pump

(b)

Fig.1 Schematic of experimental apparatus for the one step
process: (a) Hot filament method (b) One step process.
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Table 1 Process conditions.

Hot filament method

1 stage treatment

Reaction pressure 0.3 Torr
Filament current 24 A
Temperature 800 °C
Process time 20 sec
H, flow rate 30 SCCM

2" stage treatment

Texturing
Reaction pressure 0.1-10  Torr
Filament current 0-22 A
Temperature 700-1000 °C
H, flow rate 30-250 SCCM

Texturing with Si nanowire growth

Reaction pressure 1-30 Torr
Filament current 0-18 A
Temperature 700-1000 °C
H, flow rate 30 SCCM

One step process

Texturing
Reaction pressure 1-30 Torr
Temperature 700-1000 °C
H, flow rate 30 SCCM

Texturing with Si nanowire growth

Reaction pressure 10-100  Torr
Temperature 700-1000 °C
H, flow rate 30 SCCM

surface with no nanowires can be obtained when the
filament current is higher than 18A. Many particles
remain at a ridge of texture.We confirmed those
particles are tungsten silicide The surface morphology
depends on the first stage process condition. Figure
2(c) shows a SEM image of the Si surface after
20second of tungsten particle deposition at 800°C.
The tungsten filament was heated around 1800°C
under hydrogen ambient. The Si surface was covered
by tungsten particles, which diameter was around

50nm. The covering of tungsten particles on the Si
surface was not uniform and many large openings
were observed in the particle layer. The average
distance between the large openings was around 1.5
pm. A volatile of silicon hydride species while particle
deposition might contributes to a fluctuation of
particle covering. The results clearly suggested that
the particle deposition enables to obtain texture
structures. The particles are generated by the reaction
between evaporated tungsten and silicon hydride
generated on the silicon surface by hydrogen radical
etching reaction. To confirm the property of the
particles, silicide diffraction pattern spacings were

measured, using a Si [110] zone axis pattern as a
reference, and compared with known W-Si
structures[36].

Fig.2 Examples of the secondary electron analysis

topography images of texture structure obtained by the hot
filament process (0.1 Torr, 20A, 900°C, 30min). (c) After
20 s particle deposition on the silicon substrate. Tungsten
silicide particles show bright contrast.
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The tetragonal WSi,-phase with lattice parameters
a=b=3.211 A and ¢ =7.868 A was found to match the
diffraction patterns from the particles. Figure 3(a)
shows a particle that is adhering to a mound on the Si
substrate. Figure 3(b) is an enlarged image of the
rectangular area marked in Fig. 3(a). The WSi, phase
was found to be highly crystalline, as can be observed
from the lattice image in Fig. 3(b). The dark-bright
contrast and the orientation relationship at the
interface indicate some strain between the two phases.
A diffraction pattern of a similarly oriented particle
superimposed on silicon [110] zone axis is shown in
Fig. 3( ¢). In Fig. 3(d), the diffraction pattern from the
[-331] zone axis in the particle is indexed. The two
lattices are semicoherent and some lattice plane
orientations continue across the interface. The
orientation relationship of this particle with silicon
was found to be (002)s; || (103)ws, and
[-110]sil[[=331]wsi2- The results suggested that the
particle was composed of mono crystalline WSi,. In
the hot filament method, the diameter of the particles
was in the range of 10-50 nm.

Fig. 3 Analysis of tungsten silicide particles:
(a) TEM overview and (b) HRTEM image of the interface

between the tungsten silicide and the silicon substrate after

H radical treatment. ( c) Diffraction pattern showing a Si
[-110] zone axis superimposed on a [-331] zone axis from
the WSi, phase. (d) Indexed diffraction pattern from the
[-331] zone axis of the WSi, phase

The result shown in Fig. 3(b) suggested that the
particle does not form chemical bonds with the silicon
surface, meaning they can be easily removed from the
surface.

In the case of one step process, texture
structure was obtained at the reaction pressure less
than 100 Torr. When the pressure is higher than 10
Torr, silicon nanowires cover the whole area of texture
surface. Examples of SEM images are shown in Fig.4.
Fig.4(a) is a V groove surface, showing a similar
surface as that obtained by the hot filament method in
Fig.2. Although tungsten evaporation is not possible in
the one step process method, very fine WSi, particles
can be seen on a ridge of texture structure as shown in
Fig.4(a). Some small silicon lumps and silicon
nanowires remain on the texture surface. In some part

of the ridge, we observed silicon nanowalls grown

5um

(c)
Fig.4 Secondary electron analysis topography images of
texture structure obtained by the one step process: (a) V
groove (3Torr, 1000°C, 90min). (b) randomly textured
surface covered by very fine silicon nanowire(10Torr,
950°C, 90 min). (c¢) nanowall growth from the ridge
(magnified the dotted line area in Fig.4(a).)
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from the string shape catalyst remaining on the ridge
of texture, shown by the arrows in Fig. 4 (c). Figure
4(b) shows the texture surface obtained at 10 Torr,
950°C. The surface shows random texture structure
with very fine silicon nanowires covering the whole
area of the textured surface. From the point of device
applications, surface damage by hydrogen radical
treatment is an important issue. Defect formation by
hydrogen radical treatment using a PECVD reactor
has been reported by Nordmark et.al [33]. In
processing at temperatures less than 400°C, hydrogen
radical treatment creates crystalline defects since
excess hydrogen radicals diffuse into the subsurface
area of silicon, causing formation of hydrogen related
bubbles and voids [30]. On the other hand, TEM
results in the hot filament method suggested that no
crystalline defects formed on the texture surface as
shown in Fig.3(a).[36] The processing temperature of
the hot filament method was over 700°C, preventing
hydrogen radical accumulation in the sub-surface
region of the silicon surface, due to high diffusivity of
hydrogen in Si at elevated temperatures.

4 Silicon nanowire growth

Silicon nanowire growth on the hot filament
method quite depends on the filament current
condition on the second stage process. Figure 5 shows
examples of the dense silicon nanowire grown by hot
filament method. In the hot filament method, the
silicon nanowires can be obtained when the filament
current is less than 18 [A] upon the hydrogen radical
treatment process. This result suggests that high
density hydrogen radical generation with radiation
heating prevents the silicon nanowire growth by
The thickness of the

nanowires was 10-50nm, showing zigzag shape. In

strong etching reaction.

Fig.5(c), small dots are observed not only tips of the
whiskers but in the body, which causes the zigzag
shape of whiskers. The results suggest that nano-scale
WSi, particles are supplied from the filament and
being incorporated into the nanowire body during the
growth. This means that in the hot filament method,
the tungsten hot filament emits tungsten clusters
during the nanowire growth. Hollows also exist

between the nanowire layer and the texture surface as
shown in Fig.5(a).

In the one step process, variety shape of silicon
nanowires were obtained above 10 Torr. The hydrogen
radical generation and residence time of silicon
hydride generated from the silicon surface increase
enhancing the VSS
nanowire growth. When the reaction pressure was

with the reaction pressure,

higher than 100Torr, both texture formation and
nanowire growth disappeared since hydrogen radicals
cannot reach the silicon surface because of the high
recombination rate at such pressures. Examples of
SEM images obtained for Si substrates treated under
conditions of the one step process are shown in Fig.6.
The silicon nanowire image in Fig.6(b) is showing

straight shape nanowires, suggesting an absence of

—_— 1Mm
18KV  K3Z2.0868 l4mm

| B S E A I B R A A I |

85500 30.0kV -0.1mm x350k SE 4/9/2010 100nm

(c)
Fig.5 SEM images of silicon nanowires obtained by the hot
filament method (1 Torr, 18A, 850°C, 60min) : (a) Hollows
under the silicon nanowire layer. (b)Whole surface is

covered by zigzag shape silicon nanowires. ( ¢) TEM image
of the whiskers.
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— 188nm
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(© (d)
Fig.6 SEM images of silicon nanowires obtained by the one
step process; (a)(b)Straight shape nanowire (70Torr, 1000°C,
90min). (c)Sponge shape dense silicon nanowires (22Torr,
1000°C 90min). (d) Dense silicon nanowire layer covering

the whole area of texture surface (10Torr, 900°C, 90min).

evaporated tungsten nanoparticles incorporated into
the wire. Fig.6(c) and (d) show dense fine silicon
nanowire layers covering the whole texture surface.
These silicon nanowires are quite thinner than those of
the hot filament method. The hydrogen radicals
generated at the tungsten surface reach the silicon
surface through the nanowire layer, generating silicon
hydrides by the etching reaction on the silicon surface.
These results suggest that the hydrogen radical etching
reaction proceeds during silicon nanowire growth and
that the silicon nanowire is more stable than the flat
surface against hydrogen radical attack. In the case of
silicon nanowire growth by the hot filament method,
we have confirmed the presence of WSi, nanoparticles
on the tip of the nanowires, suggesting that the growth
VSS
model.[37-40] Although we have not confirmed yet

mechanism can be explained by the

presence of nano WSi, particles on the tip of a Si

(a) (b)
Fig.7 Secondary electron analysis topography images of
cotton like structure obtained using one step process. Multi
crystalline pillars and cotton like structure can be observed
(10Torr, 1000°C, 90min).

0.50

050

-141

surface

Fig.8 45x62um topography map of the Si

containing nanostructures obtained using one step process
and measured by an interferometer. The surface structure

is not uniform, showing texture distribution.

nanowire, grown by the one step process, since such
nanowires are very fine, it can be supposed that these
nanowires might grow with a similar growth
mechanism, which can be described by the VSS

model.

5 Growth of ultra fine structures

Figure 7 shows SEM images of sample surfaces
obtained at 10 Torr by the one step process. Thick
pillars and cotton like structures can be observed on
the surface. The cotton like structure is composed of
bundles of very fine silicon nanowires and nanosheets.
The pillar is composed of multi crystalline silicon. The
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topography map of the sample surface was measured
using white light interferometer, as shown in Fig.8.
The measurement indicates a layer thickness of 1-1.5
pm. Figure 9 show a TEM image of the sample. The
nanowire thickness is around 1 nm, which is quite fine
as compared to that obtained by conventional growth
methods. Large sized metal or tungsten silicide
particles were observed at the bottom of the pillar,
suggesting that these pillars grow by a bottom growth
mode. Although the growth mechanism of such a large
size WSi, particle is not clear yet, results are
suggesting that WSi, particles can be fused into each
other below 1000°C. The TEM results suggest that the
very fine silicon nanowires are growing from tips of
small projections on the etched silicon surface. The
projections might have fine WSi, particle on the tip.

Figure 10 shows high resolution Si 2p XPS spectra of
the cotton shaped structure. Analysis of XPS spectra
was performed on a KRATOS AXIS ULTRAP"? X-ray
photoelectron spectrometer using monochromatic Al
Ka radiation (hv = 1486:6 eV) at 15 kV and 10 mA.
The pass energies for the survey and high resolution
scan were 160 and 20 eV, respectively. The pressure of
(3-6)x10” Torr in the chamber was maintained during
the analysis. Prior to the analysis the samples were
slightly etched with Ar+ (0.5 keV, 20 s) in order to
remove C contamination and adsorbed O species. The
spectra were acquired after oxidized charge
neutralization performed by low energy electrons
driven by the analyzer magnetic field onto the sample
surface. The spectrum acquired with the Si substrate
being electrically floating is shown in Figure 9(a). The
data shown in Figure 10(a) is raw, i.e., the peak
positions were not corrected to account for the
overcompensation effect of the charge neutralization
process. In this measurement condition, the substrate
signal and the signal from the cotton like material on
the surface are overlapping. A broad plasmon peak
was observed at 120 eV, which contains plasmon
peaks of both the Si substrate and the cotton-like
material. Figure 10(b) shows the Si 2p spectrum when
the substrate was earthed. In this condition, both the
substrate main 2p peak and its associated Plasmon

peak were separated from the spectrum of the

Fig.9 TEM image of cotton like structure and thick pillar
obtained using one step process. Ultra fine silicon
nanowires grow from the tip of small projections on the
silicon surface.
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Fig.10 Si;p XPS spectra of the cotton like structure: (a)
condition. (b)

Measured with ground connected substrate. (c) Peak

Measured under electrically floating

deconvolution of the main peak.

cotton-like material and this is indicative of the
differences in conductivity between the substrate and
the cotton-like material. The energy difference
between the separated plasmon and main peak at
112eV and 95 eV respectively coincides with the Si
plasmon energy loss (~17eV). On the other hand, the
plasmon energy loss of cotton like material was found
to be ~23eV, which is a value close to that of SiO..
When the sample was earthed the electrical potential
of the substrate was fixed to the ground level and the
substrate Si 2p peak was shifted to the expected
energy (99.7 eV). On the other hand, the surface
material contains more positive charge and the spectra
are shifted towards higher binding energy since this is
less conductive. Although the electrical properties of
the cotton like material have not been measured, the
results suggest that this material has a wider bandgap
than  bulk Figure10(c)
deconvolution of main peak. The layer thickness of

silicon. shows  the
cotton like material is more than 1um, however, the
substrate peak has structure on the higher energy side,
suggesting that the main peak contains also the signal
of the native oxide of the substrate surface since the
atomic density of the cotton like layer is quite low. For
the purposes of peak fitting, the half width at half
maximum (FWHM) value of the native material can
be separated to four different silicon peaks, suggesting
that the sample surface has oxide layer. (Si*") on a
standard Si wafer sample was used as the FWHM of
Si*". As a result the peak of the cotton-like oxidized
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Fig.11 Photoluminescence spectrum of the cotton like

structure.
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material by exposure in the air, the dominant peak was
Si**. The results reveal that the cotton like material is
unstable in the air and easily oxidized.

Figure 11 shows the photoluminescence spectrum
of the cotton like structure measured at room
temperature under excitation wavelength at 404 nm. A
green emission band, which has been ascribed to
neutral oxygen vacancies in SiOy layer (native oxide)
formed on top of the cotton-like oxidized material,
was revealed at 510 nm[42]. The peak is asymmetrical
with a tail extending above 700 nm. The tail band can
be attributed to the recombination of the confined
excitons[42-51]. Figure 12 shows the Raman spectra
excited at 532.1 nm. The Raman scans performed
were done with a Horiba Jobin Yvon T64000
instrument working in backscattering single grating
mode. A grating with 2400 rules pr. mm and a slit
width of 100 microns ensured a spectral bandwidth of
1.35 cm'. The Rayleigh scattered light was blocked
with a 532nm Kaiser Optical holographic Super-Notch
filter. The 532nm light for sample illumination was
generated by a frequency doubled Millennia Pro 12sJS
Nd:YVO; laser running at 200mW. Losses through the
system and the Olympus LMPlanF1 50x/0.50 objective,
resulted in a laser effect of 2.4mW at the sample. The
scan time was typically 3x20s for each spectrum. The
frequency scale was calibrated against the spectrum of
a standard Silicon sample. Although the laser beam
(~2 pm in diameter) was focused on the nanowire

layer, the measured data might include a signal from

30

25 |

20

Raman Intensity [a.u.]

505 510 515 520 525 530 535

Raman Shift [cm™]

Fig. 12 Raman spectra peak around 520 cm™.

the silicon substrate. A single peak appeared at
521.3cm™, suggesting the crystalline structure. Broad
shoulder peak at low energy originated from defects
was not observed[34-37]. The peak position was
around 0.7 cm™ higher than that of Si reference peak,
which is equal to the 14MPa of compressive stress
under static water pressure in bulk Si.

6 Growth model of nanostructures

Figure 13 shows a model of particle deposition
and the silicon whisker growth in the hot filament
method. Whiskers
protuberance formed by the hydrogen radical etching

grow from the top of the
around particles which act as an etching mask.

H2 2

s & O
O ., 0 O O
© o023 O 00Q 00 o

WSi, particle .

generation

sn—mﬁ

(b)

Fig. 13 Model of surface modification by the hot filament

method: (a) Tungsten silicide particles are generated by the
reaction of silicon hydride and tungsten vapor emitted from
the filament at the initial stage and deposit on the surface.
(b) Simultaneously surface texturing by hydrogen radical
etching with the particle mask and tungsten silicide particle

absorption of silicon hydride leads to whisker growth.
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Fig.14 Growth model of WSi, particle deposition and

nanostructure formation in the one step process.

Initially, silicon hydride generated on the silicon
surface reacts with evaporated tungsten from the
filament, causing particle deposition on the surface.
During subsequent etching, whiskers grow from
individual particles. Growth is by a VLS mechanism,
driven by silicon hydride generated over the silicon
surface being absorbed by the particles and being
reprecipitated as Si.

The catalytic reaction in one step process
occurred at temperature below 1000°C, hence there is
no possibility of evaporation of metallic tungsten.
However, we observed deposition of very fine WSi,
particles at the first stage of the reaction process.
Figure 14 shows the possible growth process
including particle deposition. The tungsten catalyst
has a thin oxide layer on the surface, and the oxide
layer changing into metal tungsten nanoparticles
through the reducing reaction by hydrogen radicals.
Silicon hydrides generated from the silicon surface
react with tungsten metal nanoparticles and, as a result,
a fine WSi, nanoparticle layer deposits on the silicon
surface. Then texture surface can be obtained when
the particle acts as an etching mask of hydrogen
radical etching. When the silicon hydride, generated
on an etching reaction of silicon surface by hydrogen
radical, is absorbed on the WSi, particles, silicon
nanowire grow from the particle by VSS growth
mechanism.

Fig.15 Example of the secondary electron analysis
topography image showing thin WSi, particle layer on the
ridge of texture.
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The results are suggesting that the bottom—up growth
mode is possible. Figure 15 shows an example of fine
WS4, particles depositing on a silicon surface as a thin
film upon a one step process at 1000°C, 40Torr. It can
be assumed that when such thin layer structure
remains on the surface and the nanowire growth
condition are fullfilled, there is a possibility that the
silicon nanosheet growth occurs.

Summary

Simple silicon nanostructure growth method using

hydrogen radical has been developed.

1. Such silicon nanostructures as inverted pyramid
texture, V groove texture, dense silicon nanowire
growth over texture, and nanosheets can be

catalytic

reaction with tungsten and Si and metal tungsten

obtained using hydrogen initiated
with silicon.

2. Silicon nanostructures have grown on a silicon
substrate using tungsten catalytic reaction and
only pure hydrogen as a reactant gas. The results
suggested that the fine WSi, particle deposition is
an essential prerequisite to obtain these structures.

3. The Si nanowire growth model as well as the
texturing mechanism initiated by H radical
treatment of Si surface in presence of tungsten
nanoparticle are discussed. It is concluded that the
proposed acid free method, which is based on a
modification of Si surfaces only by hydrogen
radicals, can be considered as a ‘“green”

technology approach. The proposed approach can

be used for the cost effective fabrication of silicon
nanostructures. Such nanostructures can be
considered as a base for several types of advanced
devices in a future such as solar cells and optical
sensors. Optimizations and adjustments of the
proposed technology for each concrete case of
implementation (detectors, sensors, solar cells,

batteries etc.) still are required.
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Fundamental Experiments for Omnidirectional Obstacle Detection System

or Autonomous Robots Using Fish-Eye Cameras
Saku YAMAUCHI, Hiroyuki AOKI

Abstract : Obstacle detection is currently essential for autonomous robots as it contributes to
safety and free running in the real environment. The aim of this research is to propose a method
using a stereo fish-eye camera detecting omnidirectional obstacles. In order to achieve it at low cost,
this study focuses on a pair of fish-eye cameras that combine a low-cost fish-eye lens for smartphone
and an ordinary webcam instead of costly devices such as Laser range finder and Millimeter wave
radar. However, low-cost lenses have low resolution as well as irregular distortion. Then fundamental
experiments were conducted, using a pair of low-cost fish-eye cameras, in which feasibility of
obstacle detection and reliability for image region were examined. The result of the experiment
showed that the proposed method made it possible to measure ranges in zenith angles of 25 and 85
degrees. Consequently, it is concluded that the omnidirectional detection using the proposed method
is made possible by confining zenith angles.

Keywords : computer vision, fish-eye cameras, obstacle detection, omnidirectional, stereo vision
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A Study on Pattern Categorization Method Using the Third Statistics Value
Masato SUZUKI, Daisuke KITAKOSHI

Mahalanobis distance is a quadratic descriminant function which can reognize handprinted
characters in high accuracy by approximating the destribution of each principal component with
normal distribution. In recognition of a low quality character, however, such approximation is
difficult. In this paper, we improve the recognition accuracy by extracting some components with
large skewness from principal components of middle class, and applying the asymmetric partial
normal distribution and JohnsonSU distribution. We experimented in character recognition for 1052
types of letters of a hiragana and an educational chinese character. As a result, it is found that
a recognition accuracy is improved about 10 points, and that our proposed method is useful for
recognization of low quality handprinted characters.

Keywords : Skewness component analysis, Asymmetric partial normal distribution, JohnsonSU

distribution, handprinted chinese character recognition
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Early Engineering Education To Cultivate the Independent Intellectual Power
by 3-stage Learning Growth Process

Toshifumi KOSAKA, Tomohiko OTSUKA, Akihiro SHIMIZU, Tomohiko KIMURA, Hiroyuki NIKKUNI,

Takahisa ICHINOHE, Makoto NISHIMURA, Hidenobu SHIROISHI, Hiroshi FUJINO,
Hironori HATORI, Machiko NAGAYOSI, Akihiro SAIGA, Takenori NITTA

The novel educational method of considering three processes of the experience, the analysis, and

the expression has been employed in the introductory part of a common technological education.

This year we have adopted a new method such as the following. (1)Every time in experiments and

exercises, students are asked to create a document summarizing what is important. (2)At the end

of year, students are asked to make presentation summarizing what is important. According to the

questionnaire students have given good evaluation to the trial that is based on the method.

Keywords : common technological education
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A Study on Heterogeneous Multihop Communications Applied to Group Robot Exploration
Akira TANAKA

Multihop communication systems designed with easily available or obtainable composing devices
and communication media have been studied in my laboratory. Experimental systems are developed
and we obtained many good results. In addition to multihop advantage such as no-large-scale-
equipment, our system can set and used by anybody in everywhere anytime. We already solved
important problems specific to multihops, and we are developing applied system such as group-
robot-control with interpersonal communications. Especially, by our designed user-friendly interfaces
including barrier-free operations, our multihop systems are appropriate to communication-and-
control in disaster site as well as in neighboring areas. In this paper, our recent results on multihop
communications focused on group-robot-control are presented.

Keywords : mobile multihop communications, heterogeneous communications, routing, multicast,

shared memory, group robot control
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Fig. 1 Mobile multihop communication
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{ Multihop chat can transfer text, image, voice & handwritten command
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Image data (not regenerated

Input chat screen on relay terminal)

(search OK)

Image data (regenerated
on receiver)

Fig. 2 Smartphone multihop multimedia chat system
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Introduction to Digital Watermarking Competition

Tetsuya KOJIMA

Digital watermarking is one of the technologies to hide secret information to digital media such

as image, video and audio files, in a manner where such secret information cannot be recognized by

human recognition systems (HRS). Usually, digital watermarking is used for copyright protection,

and it is required to protect the digital contents against any illegal use and attacks. However, the

criteria to evaluate the quality of the digital watermarking algorithms have not been established.

Since 2012, annual watermarking competition has been held by the committee for information hiding

and its criteria for evaluation. This competition can also be used for PBL (problem based learning).

Keywords : information hiding, digital watermarking competition, PBL, copyright protection
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Implementation of a Biological Observation for the Early Undergraduate Students at TNCT

Atsuko ITOH, Hidenobu SHIROISHI, Takumi KINUGASA,
Akihiro SAIGA, Hiroyuki ISHII, Ryo SHOJI, Tomoyo MITANI

The possibility of implementing biology classes for early undergraduate students at the Tokyo

National College of Technology (TNCT) was considered. Since all first year students at TNCT take

the Fundamental Engineering Laboratory course, all students in the course must have an experience

in observing cytoplasmic streaming in Charophyceae using microscopes. Though the program take

only about one hour, the student questionnaires for the course meet good standard in terms of

their satisfaction with the program. Thus, it can be concluded that the biology program should be

continued.

Keywords : biology, Fundamental Engineering Laboratory course, microscope observation
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The name of the journal has been changed from “Research
Reports of Tokyo National Technical College” into “Research Reports of
Tokyo National College of Technology” since the 1984 issue.
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