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� � � � � � � � Loss Tangent and Constraint of Deformation of  

� � � � �   � Composite Rubber Plate with Inclined Layers 

 

� � � � �  � Takeji ABE,  Yasuhiro MORIKANE� Masataka KOISHI,  Hiroyuki KAITOU,   

 and  Kazuyuki KABE 

 

Tensile deformation of composite rubber plate with inclined layers to the stress axis is analysed.  The complex stress 

and strain components are considered and the transfer of the components between two layers is assumed in the normal and 

the shear directions to the layers.  The loss tangent is estimated based on different analytical models.  The analytical 

results are compared with the experimental data and discussion is made on the assumption in the analysis.  

� � � � �������	
���Loss tangent,  Composite rubber plate,  Constraint of deformation 
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% Fig. 1  Model of rubber composite plate with 

inclined layers 
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� � � � � � � � � � � � � Table 1% Results of the first experiment 

 
 

% % % % % % %  % % % % White   Black  0θ =

o

   20
o

     45
o

% % 90

o

 
 

% % % % % % % % tan δ % %  0.093    0.258    0.211    0.157    0.111    0.118 

% % % % % % % % % E′       2.96     15.15    7.84     6.27     4.46     4.87 

% % % % % % % % % E′′       0.275    3.909    1.654    0.984    0.495    0.575 

 

 

% % % % % % % % % % Table 2% Results of the second experiment 3five experiments4%  

 

% % % % % %  %   % White   Black  0θ =

o

   20
o

     45
o

% % 70

o

     90
o

 
 

% % % % % % % %    2.771   14.969    8.181    6.269    4.114    4.306    4.452 

% % E′  % Experiment    2.851   15.574    7.613    6.731    4.268    4.396    4.480 

% % % % % % % %        2.751   14.484    7.631    5.711    4.323    4.464    4.554 

                       2.760   14.913    7.965    6.188    4.442    4.349    4.472 

                       2.735   15.957    7.909    6.468    4.349    4.631    4.438 

 

      Average      2.774   15.179   7.860     6.273    4.299    4.429    4.479 

 

  

% % % % % % %  %  % White     Black  0θ =

o

   20
o

     45
o

% % 70

o

     90
o

 

 

% % % % % % % % % %     0.0856    0.2531   0.2061    0.1665   0.1095   0.1187    0.1210 

% % tan δ % Experiment   0.0859    0.2558   0.2049    0.1678   0.1060   0.1117    0.1181 

% % % % % % % %         0.0882    0.2445   0.2052    0.1582   0.1249   0.1106    0.1148 

                        0.0884    0.2560   0.2048    0.1668   0.1011   0.1121    0.1175 

                        0.0875    0.2548   0.2076    0.1612   0.1052   0.1155    0.1176 

 

        Average     0.0871    0.2528   0.2057    0.1641   0.1093   0.1137   0.1178 

 

 

                     %  Table 3% Results of the second experiment 

 

 

% % % % % % %  White   Black  0θ =

o

   20
o

     45
o

%  % 70

o

   % 90

o

 

 

E′′      0.242    3.837    1.617    1.029    0.4699   0.5036    0.5276 

 

 

% % % % % %     % Photo 1  Test pieces of rubber composite plates with inclined layers  
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� � � � �  

� � � Fig. 2% Elastic constants and loss tangent of inclined composite rubber plate%  

% % % % % % % % % % % [ The first experiment ] 

 

 

 

Fig. 3% Elastic constants and loss tangent of inclined composite rubber plate and 

     % % % %   effect of Poisson’s ratio  [ The first experiment ]  

 

 

Fig. 4% Elastic constants and loss tangent of inclined composite rubber plate and 

%    % %  %  effect of Poisson’s ratio calculated directly from complex elastic constants  

 % % [ The first experiment ] %  
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� � � �  

� � Fig. 5% Elastic constants and loss tangent of inclined composite rubber plate%  

% % % % %        % % % [ The second experiment ] 

 

 

 

Fig. 6% Elastic constants and loss tangent of inclined composite rubber plate and 

               effect of Poisson’s ratio  [ The second experiment ]  

 

Fig. 7% Elastic constants and loss tangent of inclined composite rubber plate and 

% % %         effect of Poisson’s ratio calculated directly from complex elastic constants  

 [ The second experiment ] %  
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A Study on a Valveless Micro-Pump using Fluidic Diode 

 

 - Rectification Characteristics of the Fluidic Diode and Theoretical Analysis of the Pump - 

 

Hideki YOSHITOMI,   Kazuhiro INOUE 

 

The investigation described in this paper was undertaken to clarify the feasibility of a valveless micro-pump 

using fluidic diode. This micro-pump control the flow by the two vortex type fluidic diode instead of the usual 

mechanical valve. First, in this paper, rectification characteristics of the micro fluidic diode are verified expe-

rimentally. Secondly, a theoretical method of performance prediction is discussed to obtain the flow capability 

of the pump. From the results of this study, the relationship between the performance of the fluidic diode and the 

Reynolds number is clarified. And, the expected flow rate and pump efficiency are revealed. 

 

�������	
���Valveless Micro-pump, Fluidic Diode, Rectification Characteristics, Theoretical Analysis 
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Fig.1  Vortex Diode 
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Fig.2  Schematic diagram of valveless micro-pump 
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Fig.3 Measurements of test diodes (unit : mm) 
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Fig.4  Experimental apparatus 
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Fig.5  Characteristics between the pressure loss and flow rate  
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Fig.6  Loss coefficient versus Reynolds number 
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Fig.7  Diode ratio 
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Fig.10  Theoretical volumetric efficiency 
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Fig.13  Effect of the volume ratio µ 
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Fig.14  Calculated flow rate 
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Effects of Retained Austenite Characteristics on Delayed Fracture Properties  

of Ultra High-Strength TBF Steels 

Tomohiko HOJO 

 To develop the ultra high-strength steels having excellent delayed fracture resistance, effects of retained austenite 

characteristics on hydrogen absorption properties and delayed fracture properties of ultra high strength low alloy 

TRIP-aided steels with bainitic ferrite matrix (TBF steels) were investigated. The hydrogen concentration of TBF steels 

were increased with increasing volume fraction of retained austenite. It was considered that the hydrogen which charged to 

the TBF steels was mainly trapped in retained austenite and/or on retained austenite/matrix interface. The TBF steel with 

high carbon concentration of retained austenite indicated high delayed fracture strength. This was expected that (1) 

hydrogen-assisted and/or stress-assisted martensite transformation of retained austenite was suppressed by existence of the 

stabilized or carbon enriched retained austenite, (2) hydrogen was trapped in refined interlath retained austenite films and 

(3) localized stress concentration was relaxed by strain induced plasticity of retained austenite.  

�������	
: TRIP-aided steel, ultra high-strength steel, retained austenite, hydrogen, delayed fracture 
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Fig. 2 Typical scanning electron micrographs of TBF steels austempered at (a) T
A
=250á for 10s, (b) T

A
=350á for 

10s and (c) T
A
=350á for 10000s. 
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Fig. 1 Hot and cold rolling and heat treatment process of 
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Table 1 Hydrogen charging conditions. 
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Table 2 Tensile properties and retained austenite 

characteristics of TBF steels.  
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T
A
(á): austempering temperature, t

A
 (s): austempering 

time, YS (MPa): yield stress or 0.2% offset proof stress, 

TS (MPa): tensile strength, TEl (%): total elongation, 

f�0 
(vol%): volume fraction of Z

R
, C�0

 (mass%): 

carbon concentration of Z
R
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Fig. 5 Typical applied bending stress (�
A
) - time to 

fracture (t
f
) curves of TBF steels.  

Fig. 6 Variations in delayed fracture strength (DFL) as a 

function of tensile strength (TS) in TBF steels.  

Fig. 3 Variations in total charged hydrogen concentration 

(H
T
) as a function of tensile strength (TS) in TBF 

steels.  

Fig. 4 Comparison of hydrogen evolution curves of TBF 

steels.  ����
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Fig. 7 Scanning electron micrographs of (a, b and c) fracture surface and (d, e and f) cross sectional area of fracture 

region of typical TBF steels austempered at (a and d) T
A
=250á for 10s, (b and e) T

A
=350á for 10s and (c and f) 

T
A
=350á for 10000s. 
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concentration (H
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retained austenite (f�0
) of TBF steels.  
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Fig. 11 Influence of temperature on (a) martensite transformation mechanisms and (b) free energy change. 
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Fig. 9 Relationship between ratio of applied stress to 

yield stress (�
A
/YS) and volume fraction ratio 

(f�/f�0
) of TBF steels.  

Fig. 10 Relationship between total charged hydrogen 

concentration (H
T
) and initial volume fraction of 

retained austenite (f�0
) of TBF steels.  
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Study of Amorphous Carbon Nitride Films Aiming at White Light 

Emitting Devices  

 

Kunio Itoh*  and  Yuta Iwano** 

 

  The possibility for white light emitting devices using carbon nitride (CNx) thin films has been studied. 

Microwave ECR-plasma CVD and RF-sputtering apparatuses have been used for the formation of CNx thin 

films. In both cases, CH4 was used as the source or sub-source of carbon in order to investigate the effect of 

hydrogenated carbon nitride for luminescence. The cathodeluminescence (CL) measurement of the film grown 

by ECR-plasma CVD method showed three peaks of R/G/B. The photoluminescence (PL) measurement of the 

film grown by RF-sputtering also showed the red peak, which could not be observed in the film without 

hydrogen. Together with the X-ray Photoelectron Spectroscopy (XPS) analysis data, we concluded that the red 

peak originates from C-H bonds and blue peak from C-N bonds. 

 KEYWORDS: white light emitting device, hydrogenated carbon nitride, spectrum, C-H bond, C-N bond 

 

 

1. INTRODUCTION 

1.1. Background 

Recently blue LEDs (Light Emitting Diode) using 

GaN semiconductor are commercialized and we can 

compose the white light by using the red, green and 

blue LEDs. Today the white LEDs composed by 

applying the yellow phosphors to the blue LEDs are 

put to practical use. The white LED has great 

advantages, compared with the conventional light 

sources such as fluorescent lamps. For example, the 

power consumption is expected to be almost the half 

of a fluorescent lamp, toxic substance such as 

mercury is not used in the device, and it has long 

lifetime of about 100,000 hours, that is, 11years. 

However white LED has also disadvantages to be 

solved. For example, it is high cost because the blue 

LED that is used for composing white light uses 

sapphire substrate, and it has not a good color 

rendering property due to being composed by 

applying only yellow phosphors to the blue LED. 

Meanwhile, optical characteristics such as 

photoluminescence:PL1),cathodeluminescence:CL2) 

and electroluminescence:EL3) as for amorphous 

carbon nitride (a-CNx) have been reported.  
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Especially, R.Reyes et al. showed the white-blue EL 

emission at room temperature using a-CNx for an 

applied voltage of 6V.3) The EL structure is shown in 

Fig. 1, in which an indium tin oxide (ITO) layer is 

used as transparent anode while an Al film is used 

as the cathode and the emitting layer is an a-CNx 

thin film.  

 

 

Figure 1 Emitting light device configuration3) 

 

They showed that the EL spectra peaked at 475nm 

(2.6eV), but red emission was not observed. On the 

other hand, H.K.Jang et al. observed the 2.16eV 

yellow peak for a-CNx film. In this case methane 

(CH4) gas was used as the source of carbon. 

Nitta et al.4) suggested the model of density of 

state about a-CNx shown in Fig. 2. They reported 

that the transition whose energy is 1.4eV�1.9eV is 

interband transition between π
�

 conduction band 

and lone-pair valence band of nitride. This is 

equivalent to the optical energy gap (Tauc Energy). 

According to this model, the transition whose energy 

is more than 2eV occurs between π
�

conduction band 

and π valence band , or σ * conduction band and 

lone-pair valence band. ����
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Figure 2 Model of density of state about a-CNx4) 

 

1.2. Background 

 

Under these backgrounds, the purpose of this 

study is to investigate the possibility for white light 

emitting device using a-CNx. In this paper, we 

report on a-CNx thin films prepared by using 

ECR-plasma CVD apparatus and RF-sputtering 

apparatus. In both cases, CH4 was used as the 

source or sub-source of carbon in order to investigate 

the effect of hydrogenated carbon nitride for 

luminescence in more detail.  

 

2. EXPERIMENT 

 

2.1. Fabrication by Microwave ECR-plasma CVD 

Figure 3 shows the ECR-plasma CVD apparatus 

that was used for this study. N2 and CH4 were used 

as reactive gases and flowed into the evacuated 

plasma chamber. We applied Microwave (2.45GHz) 

power to mix gas in the condition of ECR and made 

plasma in the chamber and deposited a-CNx on the 

aluminum substrate. Deposition of a-CNx was 

performed in the condition that microwave power 

was 180W and synthesis time was 24hour, and gas 

flows of N2 and Ar are 100sccm and 0.8sccm, 

respectively.  

Cathode Luminescence (CL) measurement was 

performed in the case of CN1.04 film. In measuring 

CL intensity, we used CL-SEM in the conditions 

that accelerating voltage is 15kV, current is 1nA, 

temperature is RT, and measured area is 

185×220μm2. The result is shown in Fig. 4.  As seen 

in Fig. 4, CL spectrum of a-CNx has three peaks. 

The peak of 2.14eV is red (580nm), and 2.56eV is 

green (480nm), and 3.10eV is blue (400nm). This 

spectrum includes three colors of R/G/B covering the 

white color region, as shown in Fig. 5. 

 

Figure 3 ECR-plasma CVD apparatus 

 

 

 

Figure 4 Cathode Luminescence measurement 

result 

 

 

 

Figure 5 Plot of 3 peaks on Color Diagram 
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As for the Electoroluminescence (EL) emission 

reported by R.Reyes3), C-H bond is not included 

because it is composed in no hydrogen condition. As 

a result, only the blue emission was observed due to 

C-N bonds. On the other hand, the CNx film that 

was composed using microwave ECR-plasma CVD 

in this time has the emission of red light possibly 

due to C-H bonds1
�

 because it is composed in a 

condition including hydrogen. Therefore, we can 

expect white light emission with good color 

rendering by controlling the red peak originated 

from C-H bonds, and green and blue peaks 

originated from C-N bonds. 

 

2.2. Fabrication by RF-sputtering 

The feature of the film fabricated in this time by 

using RF-sputtering method is the use of CH4 gas in 

addition to the N2 and Ar gases. The reason is that 

the use of CH4 may increase the C-H bonds, which is 

considered to be the origin of red light, as described 

in 2.1. 

N2 and Ar and CH4 were used as reactive gases 

and flowed into the plasma chamber. After the 

chamber was evacuated until 2.0×103 Pa, N2 and Ar 

gas were flowed into the chamber and the pressure 

was kept to 0.8Pa. Ar gas was flowed to make the 

discharge stable. The ITO deposited glass substrate 

was etched under the condition that RF-power was 

100W×10min and the carbon target was 

pre-sputtered under the condition that RF-power 

was 500W×60min. The substrate bias was –100V 

and the substrate temperature were 100V. 

Figure 6 shows the experimental result of 

nitrogen concentration in the grown film as a 

function of flow gas ratio of N2/Ar. It is seen that the 

higher the ratio of N2/Ar the higher the nitrogen 

concentration in the film. But nitrogen 

concentration seems to saturate at about 30%. It 

might be difficult to increase the nitrogen 

concentration more than 30% by using N2 and Ar 

gases simultaneously in RF-sputtering method. 

The characteristics of a-CNx(H) films which were 

obtained under the condition that N2 and Ar gas 

flows were 8.0sccm and 2.0sccm respectively (N2/Ar 

=4.0) were investigated by using the X-ray 

Photoelectron Spectroscopy (XPS) and optical 

absorption. In this case, CH4 gas flow was changed 

as a parameter.  

 

Figure 6 Nitrogen concentrations in the film vs. 

N2/Ar flow rate 

 

 

Table � XPS measurement result 

 

Sample

Flow / sccm XPS / at % 

N� Ar CH� C1s N1s N/C

CN1  

8.0

 

2.0

0 75 25 0.33

CN2 1.0 85 15 0.18

CN3 5.0 90 10 0.11

CN4 10.0 92 8 0.09

 

 

Table � shows the XPS measurement result. It 

is seen that the ratio of N/C in the film decreases as 

the flow of CH4 increases. This means that the C in 

CH4 as well as the carbon target contributes to the 

growth of a-CNx. 

Figure 7 shows the XPS N1s core-level spectra of 

a-CNx(H) films shown in Table � . In order to 

investigate the bonding chemistry from N 1s spectra, 

each spectrum was decomposed into two peaks as 

shown in Fig.7. These peaks originate from C-N sp3 

bond (398.3eV) and C-N sp2 bond (399.9eV). 

Figure 8 shows the optical absorption data. The 

relationship between (αhν)1/2 and hν  are plotted in 

this figure. Here α , h  and ν  are absorption 

coefficient, Planck’s constant and optical frequency, 

respectively. From these curves, we can obtain the 

Tauc energy gaps which corresponds to the ELP-π * 

energy band in Fig.2. 

 ����
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Figure 7 N 1s XPS spectra of a-CNx (H) films 

 

 

Figure 8 Optical absorption data 

 

 

Table � summarizes the results of Fig.7 and 

Fig.8. From this table, we understand that the ratio 

of C-N sp3 increases as the ratio of N/C decreases 

and the increase of C-N sp3 result in the increase of 

Tauc gap.  

Figure 9 shows the C-N sp2 fraction and optical 

energy gap Eg as a function of N/C ratio. It is well 

known that the C-N sp2 phase clusters together and 

decrease the energy gap4). Therefore the smaller the 

N/C ratio, the smaller the C-N sp2 clustering, which 

result in the increase of C-N sp3 bond and energy 

gap. 

 

Table � Summary of decomposed two peaks 

 

Sample XPS / at % 

N/C

C-N sp
2 

% C-N sp
3 

%

E��

�� 

CN1 0.33 44.1� 55.9� 1.20 

CN2 0.18 42.2� 57.8� 1.45 

CN3 0.11 41.2� 58.8� 1.80 

CN4 0.09 38.8� 61.2� 1.95 

 

 

 Figure 9 Relationship between N/C ratio and    

optical characteristics 

 

 

Photo-Luminescence (PL) characteristic was 

investigated at room temperature by using Ar ion 

laser whose wavelength is 515nm. Figure 10 shows 

the PL result of Sample CN2 in Table �.  

As seen from this data, the longest wavelength is 

about 850nm (1.45eV), which corresponds to the 

tauc energy, and the peak wavelength is 590nm 

(2.1eV) corresponds to either π-π* transition or 

NLP-σ* transition. On the other hand, PL result of 

sample CN1 that contains no H does not show the 

590nm peak wavelength. From these results, the 

origin of 590nm red emission seems to be due to the 

radiation recombination through localized states 

relating C-H bonds. 

 

� � � � � � ���� ������
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Figure 10 PL characteristics of a-CNx(H) 

composed by RF-sputtering 

 

3.   CONCLUSION 

 

We fabricated a-CNx thin films aiming at white 

light emitting devices by using ECR-plasma CVD 

and RF-sputtering apparatuses. In order to 

envestigate the effect of hydrogen in CNx film, we 

used methane (CH4) gas as the source or sub-source 

of carbon. 

As a result of CL measurement of a-CNx that was 

composed by ECR-plasma-CVD, three peaks of 

2.14eV, 2.56eV and 3.10eV were observed. The 

peak  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

of 2.14eV is supposed to be due to the C-H bonds 

in the film. 

As for the PL measurement of the samples, which 

were composed by RF-sputtering, 2.14eV (590nm) 

red peak was observed only in the sample which 

contain hydrogen in the films. From these two 

results, the origin of 2.1-2.14eV red peaks seems to 

be due to the radiation recombination through 

localized states relating C-H bonds. 

Optical gap decreases as the N/C ratio increases, 

due to increase of C-N sp2 content. 

We can expect a-CNx as a white light emitting 

device by controlling content of C-N bonds and C-H 

bonds 
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Study on dielectric characteristics of Contaminated Resin Case 

For High-voltage Semiconductor Module 

Shigeru TANABE, Tomoya OGAWA and Kazuya INOUE 

The purpose of this study is to clarify insulation characteristics of contaminated resin case for high-voltage 

semiconductor modules under dc voltage.  Also this study plans to develop a novel design of resin case which has higher 

insulation performance.  3 kinds of model are prepared for the test made of PBT and PPS resin.  The tests were carried 

out under the conditions of 50 � and 80%RH.  We found out that the design now used for 1700V IGBT maintain 

enough dielectric strength for 30 years under 0.06mg/cm
2

 contamination. We also evaluated new case models and they 

showed little improvement. 

�������	
�  creepage insulation, contaminated surface, semiconductor module, resin case 
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Fig.1 Outline of a 1700V IGBT  
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Fig.2 Outlines of case models under test 
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Fig.3 Dimensions of the case model 
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Fig.4 Test circuit 
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Fig.5 Test results of PPS 
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Fig.6 Test results of PBT 
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TABLE 2V relationship between k and creepage 
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V Fig.9 Slot side modified model 

(a)Slot side modified � (b) Slot edge modified  (c) Barrier added 
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Fig.14 Arc trace after flash-over 

V

 !"��~®��,��F��*I0 q !s

-�~®&¿�±uÇÈúû�m¿F¿¬*-Æ	

ê�¿��Ú)-.+¸�FÊ¶^tI0\«�¿

�å+,^��¿�å ÇÈúûF�Ä-�~®�

�w�òtF��pl/����^�/ <&Ê¶

^tI0V

V

'�(� 
� )�

�

#�$�	
¨6©~ª�½¾�~7��½�p

u #_$%&Á'uq/<£¤pq/ <±u�

��ÜÝô�´>�$ 	�/_�$:;F�� 

!"Á'I0��st\«��~7�§«�!)�

���þB�@b <.r\«��$�� 	*-�\�î

�ÜÝJKó �.-ì¡1 Á'uq-./ `a�

<.ræñå�ÇÈÉÊ;F�I� <Fðu± 

*I0V

)I½��á�/#_$% ��~7÷§Føt

+�/ <�+	ä�/ <Fåæ�/I'�̀ "%V

�¥¦¨¬ªFúû*I0���st�úû*I¨

¬ª�\«�§«<67*-ÇÈ:;��� �¥

¦pq�. <&ðu± �sI0*±* �åæ

±u¥¦�I' �²~7�³~4<´´�°�æ

p&�Ñ^�"�¿�å�ÇÈúû�\«�ÇÈ+

,^�òt&�.�����F¾/ <&^tI0V

½���\«�÷§�
F�<pl/ÇÈÉÊ;

F�mpl/	 �åæFá �'/£�^�/0V

�

� � � ��

�

<0 Z[\][^_[�`4a�bccdeffggg7][\][^_[7J_A�

90 hijklm� `4a�bccdeffggg7n^A]J_[7c_nb]op7J_7qd�

;0 rstuvw� x� yKz{�| 6`}5], ~��������

��E�H�z�U�����������%��v�
�

���� >v<99 � 8 �)9==9+B;:�B6;�

60 ����v� ¡¢K�£2¤¥¦§E¨©3� 5], �ª«

��v¬`­v.9==B0�C�@�

80 W.W.Sheng and R.P.Colino : “Power Electronics Modules”, CRC 

Press  p.p84-90  (2005)�

B0 S.Tanabe, et.al : “Insulation Characteristics of Water Cooled 

Thyristor Valve for HVDC Transmission” �
����� Bv117

� 6�v(1997)��

:0 NO®¯°±ª�²�³� �
��� pp287-297 (1971)� �

C0 ´µ¶·vs¸¹Kjklº»¼��½�¾�»%¿¤T�

UÀÁ%ÂÃv�� <:	�
���ÄÅ~Æ�Ç�ÈÉ��

Ê_76=8)9==8+�

@0 ´µ¶·vs¸¹Kjklº»¼��½�¾�»%¿¤T�

UÀÁ%ÂÃ}Ë 9�� LM��%ÂÃ}v�� <C 	�
��

�ÄÅ~Æ�Ç�ÈÉ�� Ê_79C@)9==B+�

 

 

        

Fig.13 Arc progress during flash-over 
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Simulation as for Position of Electrode spot of Fluorescent Lamp for High 

Frequency Operation 

 

Tadao Uetsuki and Hideaki Miyake 

 

It is very useful for thinking the lamp life to grasp the spot position of the electrode filament of the fluorescent 

lamp. In this research, the spot position on the electrode of the fluorescent lamp was grasped by regarding the 

electrode as the electric circuit, which consisted of the resistance and inductance. The calculated result showed 

the following two things. Firstly, the spot position at cathode cycle moves as the lighting time increases. 

Secondly the spot position at the anode cycle does not move as much as at the cathode cycle.  

�������	
��fluorescent,  lamp life,  electrode spot 
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Fig.2 Part of the lamp operating system 
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Fig.3 Measured wave-form 
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Fig.6 Algorithm for the calculation 
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Fig.7 Algorithm to get the difference between the calculation and measurement results 
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Preparation of AgInS
2
 Thin Films by Sulfurization of Ag/In Precursors 

for Solar Cell Application 

 

Shigeyuki NAKAMURA*  and  Dai OKAMOTO** 

 

This paper describes preparation of AgInS2 thin films as an absorption layer material for a top cell of 

tandem solar cells. The film has been prepared by sulfurization of evaporated Ag/In metal precursors. 

Ag/In ratios in the films were controlled by changing Ag/In ratios in the vacuum chamber. The 

annealing temperature of 300 � was found to be appropriate for sulfurization in our case. 

Keywords: AgInS2, solar cell, sulfurization, Ag/In precursor  

 

1. Introduction 

 

Recently, I-III-VI2 chalcopyrite semiconductors 

are developed as promising materials for high 

efficiency thin film solar cells. Cu(InGa)Se2 thin 

film solar cells have the best efficiency of 19.5 % 

[1]. However, a higher efficiency is hardly 

obtained with a single junction solar cell. Hence, 

in order to obtain higher efficiency, a tandem solar 

cell is considered to be effective. AgInS2 has 

appropriate bandgap energy of 1.9 eV for an 

absorber layer for a top cell of the tandem solar 

cell [2]. Thin AgInS2 film has been synthesized by 

chemical spray pyrolysis [3], vacuum evaporation 

[4] and hot wall epitaxy [5]. However, thin AgInS2 

films grown by sulfurization of metal precursors 

have not been reported yet. This method is 

successfully applied to CuInS2 thin film 

preparation [6]. In this work, we have prepared 

AgInS2 thin films by sulfurization of evaporated 

Ag/In precursors.   

 

2. Experiments 

 

The Ag/In precursors were deposited by vacuum 

evaporation on glass substrates. Ag/In ratios in 

the films were controlled by changing Ag/In ratios 

in the vacuum chamber so that the ratios in the 

films were ranging from 0.4 to 1.4. The precursors 

were sulfurized in an H2S atmosphere at 300 to 

600 � for 60 min. Composition and crystallinity of 

the films were evaluated with an EPMA and an 

XRD, respectively. Resistivity was measured by 

van der Pauw method. Transmittance spectra 

were measured to estimate the band-gap. 

 

3. Results and Discussion 

 

Figure 1 shows a relationship between the 

composition in the films and that of the 

evaporation source in the vacuum chamber 

annealed at 500 �. Ag/In ratios in the films are 

found to be proportional to those of the 

evaporation sources. On the contrary, S/(Ag+In) 

ratios decreased with increasing the Ag/In ratios 

of the sources. Figure 2 shows annealing 

temperature dependence of Ag/In ratios in the 

films with those in the chamber as a parameter. 
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Annealing temperatures hardly affect film 

compositions except in the case of 300�. Films 

with Ag/In=1.0 are obtained with the Ag/In source 

ratio of around 1.2. This suggests that evaporation 

rate for In during the deposition process is larger 

than that for Ag.   
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Figure 1  Relationship between composition 

ratios in the films and those in the chamber. 

Figure 2  Annealing temperature dependence of 

Ag/In ratios in the films. Parameter is Ag/In ratio 

in the chamber. 

 

XRD patterns for the films annealed at 300 to 

600 � shown in Fig. 3 reveal that the peak from 

(112) of chalcopyrite phase is observed at each 

temperature. The peaks from orthorhombic phase 

become higher as the annealing temperature 

increases. This is probably due to the stability 

temperature difference between these forms. That 

is, the chalcopyrite form is stable below 620 � 

while the orthorhombic form above 620 � [7]. 

Secondary phases, such as InS, can be containe� 

in the films. The temperature of 300 � is 

appropriate for annealing in this work because the 

composition of secondary phases including the 

orthorhombic form increases with increasing the 

annealing temperature. 

 

Figure 3  XRD patterns of films annealed at 

300 � to 600 �. Closed circles indicate the peaks 

from chalcopyrite (112) phase. 

 

Figure 4 shows surface morphology of Ag-rich (a) 

and In-rich (b) films. These films have Ag/In ratios 

of 1.23 and 0.74, respectively. When the largest 

grains of each film are compared mutually, the  

Ag-rich film has a larger grain than the In-rich 

film. The largest grain sizes for Ag- and In-rich 

films were about 6 μm and 1 μm, respectively. 
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However, uniformity of the In-rich film in grain 

size is superior than that of the Ag-rich film. 

 

(a) 

(b) 

 

Figure 4  SEM images for Ag-rich (a) and In-rich 

(b) films. The bars denote 10 μm. 

 

Figure 5  Typical α
2

-hν plot for estimating 

bandgap. 

 

Resistivities of almost stoichiometric films 

(Ag:In:S=0.98:1:1.69, 1.05:1:1.79, 1.00:1:1.75) are 

ranging from 1.5 to 3.5 Ωcm. Those of 

non-stoichiometric films were too high to measure. 

 

 

 

 

 

Figure 5 shows a typical α
2

-hν plot. The 

absorption coefficients were calculated from 

transmittance measurement data with a constant 

reflectivity of 0.42. The bandgap for the 

stoichiometric film is estimated to be 1.63 eV from 

the figure. The value is fairly less than that for 

bulk crystal (1.9 eV). Further investigation is 

required to understand such decrease. 

 

4. Summary 

 

In conclusion, AgInS2 thin films have been 

prepared by sulfurization of evaporated Ag-In 

precursors. Ag/In ratios in the films are controlled 

by changing Ag/In ratios in the vacuum chamber. 

The annealing temperature of 300 � is found to be 

appropriate for sulfurization with respect to 

crystallinity at the present time. Further 

annealing is required to investigate the 

crystallinity of the films annealed below 300 �.  
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Construction of the Internet Application Systems

Designed in Consideration of Security

ATSUMOTO KADASatoshi M and Tadashi O

When designing the Internet application systems, it is important to consider in security. This paper

deals with causes and measures where security holes happen. On the basis of our experience of

constructing the systems, we report our practices such as a note in regard to Web-based programming,

a code review for programs developed, an adoption of safe mechanisms.

, Security, Web-based systemKeywords. Internet application system
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 A study on performance improvement of Active Net model 

 

Noboru YABUKI
�

,  Yusuke KOBAYASHI
��

,  Yasuaki SUMI
���

  and  Yoshihiro FUKUMOTO
��� 

 

We have studied about the structure and the performance about Active Net model. Active Net is a two dimensional network 

model which is a expanded version of the snakes model. In Active Net, when the extraction target object and the other small 

region, is called noise in this paper, exist in an input image, there is a problem such as a target can't be captured or iterative 

operation's not ending because the energy of Active Net isn't minimized right. We propose the method, the lattice points of the 

net model are moved by compulsorily changing energy of the net model at random. As a result, reducing the influence of the 

noise becomes possible. Some experimental results are also described. 

�������	
 :  Active Net, region extraction, image processing 
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Table 2 Experimental result. 

������ �	
��
��� ��������

�� �� ����

�� #�� ������

 � ���� !�!��

"� ���� "! ��

�� ����  �#��

!� ����  ��!�

�� ����  !#��

�� ����  ��"�

#� ����    ��

��� ���� �� !�

�;\>D�ÈÉ�>M6êú�ÙV��>?���

]^"(K��!å�è�î�Ç)ä�N�� ¡

�(���6�V���N>'�ÈÉ�³�´IR

�`ÚÛ�^�z
Y�oD�Z��¥)¦§Ì�

JK)ÈÉ)ÀÁ(��)]��AY�Y�[XC

�Èo>Â¬�ÙÉY������·=�D���

��n ¡�(�>oD���>?�

���� �����45�

� h�a )Wõ���`��)Ñ�x�;\>oD(

���ÜÝ���B\> ¡)ÈÉêú�ÙÉ\>

oD�(����]^"Z�n]^å)Z[�N>

'�ÈÉ�³�´IR�`ÚÛ�^�z
\>Ê[

�âË6���O`��FÌ6ÍÉ���6;�Î

ÝoD���>?Y�Y�o)ñò	ó
ñô�W

õ(
�����B\> ¡(K�����ê<)ÈÉ

�`z
��V���WÏ�K���ZV�o)�

¬ò�µ�O->>M�N>?e]��	
�{º�¾)�

��B\>ÚÛ�^) ¡���Ð<\>D�

�	
�Ñº�¾�
\Z[�yÊh6HI�0�(Y�[

���ÃY�HI�G�(���6�oD���>?�

@o(�o�`)|}Ì�IV\>����÷)

Ò�Ó)Îâ��V�?�

Ò���ãä� ¡�¥)wiTx
�O{ÕÄ

e~Ñ�3qY�IR�Y��`ÚÛ�^�z


\>�

Ó�
µjk*GW����^�
��ÔÕ6

ÈÉ��[�

Ò(K�ÖFh�K ×ê�)ÆÇÈÉ()¥)w

iTx
D�XäÌ()ÆÇÈÉ)@�D)ª�É

GY�@)Ñ�N>ØÑ»¼(N�mwiTx
)

O{�6�D¾6Y�ÚÛ�^�z
\>Z[�Y

��>?o��Z��´¢��Ù�ÚÛ�^)zÚ

6z
�¬ò�µ�@~\>oD�(�>���@

)Û��¬ò�µ�V�>>M�6;6>?���

�)Ö×�Ü²>�(K�¥K���^�Z� ¡

��[���FÌ6ÍÉº�úÑ)vÉ¾�Ý;oD

�(�>?=`�K���¿ÀY6�ÁÂ����

n�wiTx
)Ñ�y·{=�ÄÆÇÈÉ�ÊË

Y6�Z[6ÁÂ�ä�N>��@)Z[6ÁÂ(

no)Îâ�ZV�wiTx
)Ñ�y·Ñ�3q

=Õ>oD�(�>D¦¯=�>?�

=`�Ó�ZV���	
�Ñº�¾)Z[�0�´¥)

IR���	
�Ñº�¾�
\Z[�ÞH\>oD�(��

ÚÛ�^�
�>ÁÂ����nÃY�HI�G�

�[oD�PQD6>?�

o�`)Îâ�ZV��ÚÛ�^K�´¢��A

����ÜÝ®Ü�6��ß`Ä�
µjk)Å�

�GY��fHI���ÃÂ��G\>oD�Kf

(�>?»¼�ñò	ó
ñô�Wõ(K�o)Î

� � � � � � ���� ������

����

�������������������������������������

����



âW)ÚÛ�^�
�>oD�\>?�

�

� �� �

º�¾�Îâ�� � �����º�¾�ÎâW�

Fig.7 Experimental results of Active Net applied to a test 

pattern.  

6�����7)89:,;<=:>-?@�

ñò	ó
ñô�Wõ(K�ÚÛ�^D���^

D)àáDY�Þ���ÜÝ��Þà�Ò(áÖY�

���ÜÝW���¹ðqß4��½@�$��B\

> ¡)Wõ��V�?´¢��Kâãjkµó


�ä
T)���gh�i�j�k�	�l��U
Y�?�

A��� BC7DEFG�H01IJ�

�	
�jº�¾«º�¾)���ÜÝ���BY��ÚÛ

�^D���^)�]�z
Y� ¡���,Æ\

>?ÚÛ�^(K��ºa¾)LÅ±ú����DY�t

uvw�
µjkºx¾���º·¾)�yózTK@

�$� a{{�|������}~�����(N>?oo(

�	
�jº�¾K��º·¾)]�����Ñ&­ h����

Ñ8å �{)æç¬kè¬­�uvY���(N>?

ñò	ó
ñô�Wõ�
��¥K¦§Ìú

���ºrús���,��ús��¾)ã^_`�©ªij

kº�	
�a¾(N>?�� ¸�����h ����A)�


µjkvw��))ßº��)A^sº�Þ�¾¾�
\?

=`����^�Z> ¡��� �	
��º�¾«º�¾Þ

ÚÛ�^�Z> ¡��� �	
���º�¾«º�¾�
\?

��@�$�) ¡��)�é)k�l�)úêKÈÉ

êú(N��º�¾«º�¾K �	
�j)@�$�)���

BÐY��>?oo(�kº»¼lKÈÉ�®�Y6�V

�oD�
Y��>?�

�	
�����)���`º�¾Þº�¾Þº�¾)@�$�)��

���������^(K���(n ¡Y�Y

�V��>��ÚÛ�^(K��
µjk)Å) 

¡���Y��>oD���>?Y�Y�º�¾)�
�

µjkD���)ëì�·=�������K�Ú�

 

Table 3 Coordinates of target and noise region. 
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Fig.9 Experiment results (conventional method). 
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Fig.10 Experiment results (proposed method). 
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Fig.11 Real images captured by digital camera. 
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Fig.12 Experiment results (conventional method). 
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Fig.15 Experiment results (conventional method). 
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Fig.16 Experiment results (proposed method). 
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TNCT Independently Blocking of Spam E-Mail and Its Effects 

Katsumi HIRATA and Tadashi OKADA 

E-mail has become a necessary means of communication for various businesses and daily lives. In recent years, spam 

e-mail has increased as e-mail has become more popular, and now, the spam is an object of public concern. Like a letter 

or a card, an e-mail should not be censored and restricted. Without blocking the spam, however, unmanageable spam or 

computer virus attached the spam may damage computers and their networks. In our college, blocking of the spam has 

been implemented on our mail servers since 2004. We adopted not content-based but IP-based filtering to respect the 

privacy of users. The blocking only needs functions of Postfix mail server program without optional software and/or 

hardware. And it can be configured, maintained, and monitored by our own hands. In this paper, after basic policies of the 

blocking and actual configurations of Postfix are explained, effects and problems are discussed. 

 

Key words:  blocking spam e-mail, Postfix, no optional software and/or hardware, independently administration 
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Influence of Repetition of High-Temperature Treatment of H2O2-treated 

Graphite on Adsorption of Ar. 

 

Kazuhisa Miura*and Hiroshi Yanazawa**                                        

 �  

 

Key words: natural graphite, treatment in H2O2 solution, pyrolysis under Ar flow, Ar adsorption, porosity  
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  A natural–graphite powder previously oxidized in H2O2 aq.soln. was heated under flow of 1 atm Ar at 1000�  

repeatedly, and measured volumetrically for its adsorption–desorption isotherms of Ar at –196� after each heat 

treatment.  It was found that the more often the graphite was heated, the less the amount of Ar adsorbed be- 

came.  Every sample gave the adsorption isotherm with a remarkable step over the relative pressures from 0.3  

to 0.4.  And besides, the hysteresis between the adsorption branch and the desorption one did not change in   

shape through repetition of the heat treatment at 1000�. � These facts are briefly discussed in terms of poros- 

ity for the graphite samples.      .  
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Fig.1  SEM images of graphite samples; a: G25, 

b: HPG25, c: HPG1000–6.      1μm

Fig.2  Adsorption isotherms of Ar on graphite samples at 

–196�. �:HPG25, �:HPG1000-1,��:HPG1000-3, 

�: HPG1000-6, �:HPG1000-7, 	:HPG1000-9. 
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Fig.3   Adsorption–desorption isotherms of Ar on graph-

  ite samples at –196�: �,
:HPG25, �,�:HPG 

1000-1, 	 , � :HPG1000-9. Open symbols : 

adsorption, closed ones: desorption.��   

Table 1  Parameters calculated from the adsorption isotherms of Ar on graphite samples at –196�� 
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Fig.4  BET plots of Ar on graphite samples at 

  –196�. �:HPG25, �:HPG1000-1, 

�:HPG1000-3, �: HPG1000-6, 

�:HPG1000-7, 	:HPG1000-9. 
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Die Möglichkeit der Technikphilosophie 

 

―� Cassirer�Miki�Heidegger� ― 

Tomomi INADA 

Da die Technik ein sowohl zentrales wie bedrängendes Problem unseres gesamten Lebens geworden ist, so ist sie damit 

auch Sache der Philosophie geworden, und in Wahrheit ist so etwas wie eine ‚Philosophie der Technik‘ konzipiert worden. 

In dieser Abhandlung geht es darum, die Möglichkeit der Technikphilosophie zu erörtern, die den Herausforderungen der 

modernen Technologien gerecht wird. Dazu wird geschichtlich auf die schon in den 30er Jahren behandelten 

technikphilosophischen Überlegungen von E. Cassirer, K. Miki, und M. Heidegger zurückgegangen. 

�������	. Technik, Philosophie der Technik, Engineering Ethics 
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More Effective Ways for Conducting a Receptive Vocabulary Test 

for the First and Second Grade Students of College of Technology 

 

Naoki FURUHI 

 

This paper aims at developing more efficient ways to perform a receptive vocabulary test of English. Measuring 

word knowledge is almost equivalent to deciding participants’ English skills, though English proficiency has a variety of 

aspects such as the abilities of reading, writing, speaking, and listening. When conducting a vocabulary examination, the 

shorter the time to complete it is, the more comfortable the test-takers and examiners feel, as long as the results are not 

skewed. This study offers a suggestion to omit some part of the test so as to realize a short-time word test with affecting the 

results as little as possible. 
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Research and Development of a Drainpipe with Vortex Chamber 

 

 - A Finding about the Effect of Projected Ring on Rotating Flow in the Vortex Chamber - 

 

Hideki YOSHITOMI,   Gosuke KAJIHARA 

 

We developed a new drainpipe with vortex chamber in order to free from the danger of getting caught in 

drain of swimming pool. This new drainpipe can control the suction force with the working of vortex flow. In 

this study, we tried to reduce the suction force by using the ring which was attached on the side wall of the vortex 

chamber to prevent secondary flow. This trial was not successful, but another interesting characteristic was 

found by the analysis of experimental data. That is to say, it is reasonable to think that the flow should be reduced 

by the ring, but in this experiment any rings do not affect the flow rate of the drainpipe. This result is very at-

tractive, so we show the experimental results and consider the result from some angle. 
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���Rotating Flow, Ring, Secondary Flow, Flow Rate, Suction Force, Swimming Pool, Drain Pipe 
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Fig.2  Main flow and secondary flow 

Fig.1  Diagram of drainpipe 
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Fig.5  Shape of each ring 
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Fig.3  Ring preventing the secondary flow 
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Fig. 6  Suction force versus pressure loss 

Fig.7  Flow rate versus pressure loss 
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Fig.9  Pressure distribution in the vortex chamber 
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Fig.8  Flow in the vortex chamber 

����

���������������������������������������������������� ������������������������������������������

����



� � � � � � ���� ������

�����

��������������������������������������

����



  

AVR�������	
��
���������

��������

�

����
*

�

� � � � � � � � � � � � � � � � � � � � � � � � � �

Development of Teaching Material to learn Mechatronics using AVR 

Microcomputer and Toy Model 

 

Hideki YOSHITOMI 

Mechatronics is composite technology which is combined mechanics with electronics. In technical educa-

tion, it has been discussed how to teach the mechatronics to beginner students. In this field of education, 

hand-making practice attracts our attentions as the effective education method. Some years ago, the author 

developed the teaching material that was the remodeling exercise of a toy model into the autonomous mobile 

robot by using microcomputer. This mobile robot used the Z80 microcomputer for CPU and assembly language 

for programming. But, in recent years, new microcomputer such as AVR microcomputer has been presented in 

this technical field. The AVR microcomputer is simple and highly efficient device compared with the Z80 

microcomputer. So, the author improved the previous mobile robot system by altering the Z80 system to AVR 

one. And also, the assembly language was changed into the BASIC language. This paper shows the improved 

system about the mobile robot. 
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Fig.9  Motor Driver Circuit 

Fig.8  Upper Side View of Breadboard Version Robot
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The Extension Course Using Model Rocket as Teaching Material 

Shinji SATO
*

,  Hirohisa SHIOTA
*

  and  Manabu KATO
* 

Recently, it becomes a serious problem in some advanced nations that students lose interest in science. For this problem, 

Tsuyama National College of Technology has organized extension courses and exhibitions which provide opportunities to 

perceive the interest of science and technology for schoolchildren and junior high school students.  Especially, 

Department of Mechanical Engineering has provided production guidance for robots, solar cars, and wind cars. In this 

report, we deal with a model rocket as a new teaching material. The model rocket is well known as safe superior science 

teaching materials all over the world if handled according to the rule for the model rocket. In addition, because a model 

rocket’s flight is based on the same theory as a genuine rocket, a model rocket is the best teaching material to encourage 

interest in science. Therefore, we prepared the new teaching material which used handmade model rocket and two types of 

model rocket kits in 2006. The present report outlines the extension courses which used model rockets as teaching material 

and shows the result of questionnaire survey acquired from the participants. 
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 : Extension Course,  Teaching Material,  Model rocket,  Publicity 
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Table 1  List of the model rocket extension courses and their outlines 

Fig.2 View of the room for making model rocket 
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Fig.3 Photograph of the launch of model rocket 

��

���

���

����

����	
�

����
�

(a) Extension course 

Fig.4 The answer of the questionnaire about 
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Fig.5 Comparison of the questionnaire result 

between solar car and model rocket 
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(b) Delivery lecture 
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Practice of Handicraft and experimental Classes for Schoolchildren  

Hiroyuki Inoue, Makoto Sato, Hideyuki Yagi, Takayuki Teramoto and Takayuki Tokuho 

Tsuyama National College of Technology has continued every effort to increase the number of applicants for admission.

Despite holding the open campus event and the extension lectures, we have still struggled to find out the effective way to

achieve this objective. We participated in the JFE festival as a publicity activity in the southern area of Okayama prefecture on

November 3, 2006. We conducted three handicraft classes and one experimental class, aiming at schoolchildren to have

interest in science and technologies. In this report, we described how to conduct and carry out them. With the results of this

event, we conclude that the classes successfully gave many schoolchildren fun of technologies and provoked them to learn

science. 

�������	
   :   handicraft class, experimental class, schoolchildren 
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Fig.1   Paper pattern of the CD spectroscope 
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Fig.2   Component parts of windcar 

 

Fig.3   Produced windcar 

 

Fig.4   View of making windcar 
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Fig.5   Clip motor �����
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Fig.6   Substitutes of clip bearings 

 

Fig. 7   View of the clip motor with thaumatrope 

 

Fig.8   View of making the clip motors 
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Fig.9   Environment of the photography 

 

Fig.10   Composite picture 
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How many days does it take if the moon falls to the Earth? 
 

Makoto SATO 
 
The moon goes around the Earth with a period of about 4 weeks. If the relative velocity of  the moon to the Earth suddenly 
became zero, how many days would it take the moon falls and collides with the Earth?  This simple question is 
unexpectedly beyond the high-school level physics. In this report,  a numerical computation and an analytical solution are 
presented which 4th grade students performed in the Mathematical Science I class as free theme studies.  

���������� : � the moon, the Earth,  Newton’s law of gravity� the equation of motion 

Fig. 1 The moon and the Earth. 
������  !19"8�31# 
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Fig. 2 Flowchart of calculation for falling of the 
moon to the Earth. 
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Fig. 4  A time-velocity result of the numerical 
calculation. 
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Construction of a Web Server with a Database Facility

Using Open Source Software

* **
Munkhjargal Purevdorj and Tadashi OKADA

This report is about using an open source operating system for constructing a web server. We chose

the FreeBSD open source operating system. The following covers the installation and configuration of

this operating system including MySQL database, Apache2.0 server and PHP5.0 script applications.

Web Server, FreeBSD, Database, Open Source SoftwareKeywords:

1. Introduction

This report explains my research of information

technology at Tsuyama National College of Technology

for six months. I conducted research work and

professional development for information technologies

including server construction, database technology, Java

language, etc. This report is about using an open source

operating system for constructing a web server with a

database facility. We chose the FreeBSD open source

operating system. The report covers the installation and

configuration of this operating system including MySQL

database, Apache2.0 server, PHP5.0 script

"phpMyAdmin" applications; all of open source

software .
1�

2. FreeBSD and its Installation

FreeBSD is an open source operating system
2�

derived from BSD, the version of UNIX developed at

the University of California, Berkeley. FreeBSD is

widely used to support the core infrastructure of many

companies worldwide. Because it can be built with a

small footprint, it is also seeing increased use in

embedded applications. The licensing terms of FreeBSD

do not require the distribution of changes and

enhancements to the system unlike the licensing terms

of Linux. Thus, we can distribute our developed result at

Received December 3, 2007
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ease .
3�

4)
2.1 FreeBSD Installation

We are able to select from two boot methods that use

a CD-ROM or a floppy disk on a stand-alone machine.

We have opted for booting from the CD-ROM because

of its high-speed and stable process. The bootable

CD-ROM is made from the ISO images that can be

downloaded from many FreeBSD mirror sites . After
2�

setting the BIOS for booting from CD-ROM, we set the

bootable CD-ROM and are able to start up from it.

After the Installer start, a keyboard setting is required.

Many keyboard types exist, such as English and

Japanese versions, so we have to configure the keyboard

setting for better convey potential. Below is a Japanese

version of the keyboard settings. We chose Country

Selection, 110 Japan , then Japanese 106.� �Fig.1

The Country SelectionFig.1

We have to create partitions on FreeBSD. An FDISK

partition area is created for operation and installation of

FreeBSD. Here is the hard disk capacity of the entire

FreeBSD area. This can be set using the Custom

Installation. We select Custom from the Main menu and�����

��������������������������������������

����



then select Partition menu.

Partition: hard disk partitioning

We are not using other operating systems, so we

create the partitions at once. If we want to delete slice

first, we will be continuing to Delete Slice.

� �Delete Slice -- Deleting old partition: shortcut - D

Create Slice -- Creating new partition for FreeBSD:

� �Shortcut- C

We have to select the Bootable Set to the disc from

start to Standard Install. We selected a standard MBR

no boot manager because the boot manager is not� �

necessary in our case.

We next set Label allocated disk partitions. Here, we

selected "AUTO". If AUTO is selected, there is no need

for later processing. The hard disk partitioning is

terminated.

Then we deploy a distributed file selection Actual use

and disk space according to the clued-up installation

choices.

Distributions: distribution to be installed

Select Developer menu: Ports are unnecessary, so

"No" is chosen. Select Window System, and then

enter "X EXIT". The choice is terminated.

We chose the media used during the installation.

Media: "Choose Install Media" menu boot. This is a

CD-ROM installation procedure, "a CD/DVD" menu

is selected . At this point, we select the end of� �Fig.2

the installation.

Choose Install MediaFig.2

We go into practice final confirmation expansion after

the partition labeling. We select Commit by selecting

"Yes", and then the installation process will begin.

After a while FreeBSD's hard disk installation is

complete at a state of minimum requirement. So the

"Requested User Configuration" menu is running. Select

the "Yes" and press Enter, a "Configuration" menu

begins. Here, we will explain environment settings and

other important settings.

Now the minimum installation completed. However, it

is necessary to set the "root" password. "root" is an

administrator user to be able to manage all

environments. Therefore, we have to set carefully the

root password. Others can modify the system for the

firm if the password is set aside.

2.2 FreeBSD Configuration

1 User Configuration Management� �

It is undesirable to access the entire root system

environment by a normal user account. So we have to

use a general account user. Here, we added general user

registration. Using "User Add" we are able to add a new

user to select the system , .� �Fig.3 Table 1

Adding new user to FreeBSDTable 1

Fields Values Notes

User's login nameLogin ID munj-mn

User's group you canGroup wheel

create new user group

User's login passwordPassword xxxxxxx

Home directory /home/munj-mn

Login shell /bin/csh

Adding new user to FreeBSDFig.3

In the console settings we select "Saver" and choose

"Daemon".

For time zone settings, the following is selected. The

first time a local setting is required, select "NO". The

set ends with a CMOS clock to set the world standard

time, or the time in Japan. Here, we choose the local

time by answering "Yes" for "Asia", "Japan" and the

"Confirmation". This is the end of the time zone

selection.

Then Network Configuration is required. We set

Networking using the Network Services Menu to select

� � � � � � ���� ������

�����

��������������������������������������

����



from the Interface. Network Configuration is shown in

and . This is an example used in a privateTable 2 Fig.4

network only.

Network configurations valuesTable 2

Fields Values note

Enter to host nameHost: coka07

Enter to domain nameDomain: center.tsuyama-

ct.ac.jp

Internet gateway's IPIPv4 Gateway: 172.20.20.101

Name server's IPServer Name: 172.20.20.102

Own IPIPv4 Address 172.20.45.7

This is a B classNetmask 255.255.0.0

Network configurationFig.4

3. Installation of Server Applications

We have installed all of the open source server

� � �
applications: MySQL 5.1.22-rc, Apache 2.0, PHP

5 6 7

5.2.4 latest versions . The installation was done by� �

using following standard commands .
8,9�

� �� 	 �
��
��
 ���������

� ��� ���� 	 ������� ���
���

� �� �� �� 	 �����
 �� �����
 ����

� �� 	 ������
 ���� ���
 ������


� �������
��� 	 ������
 �� �����
��� ��

������������

� �� � 	 �� ��
 ���� ����

� �� 	 �
��
��
 
������ ���� �� ����

! �� � ������� 	 �� ��
 �������

! �
��� 	 �
��
��
 ���� �� ���� ���

��������� ����������

3.1 MySQL Installation

First, we added the following user and group by using

Sysinstall tool.

"���# ���$�

%����# ���$�

Next, we extracted the source of mysql5.1.22-rc.

���� ���� ���$�&�'�((	�������
�

Then, we created a Make file to compile by configure

script, and then made and installed it as follows.

� �� ���$�&�'�((	��

� �������
��� 	 ���
	�
�����)���*

	 ���
	�����	�
������)���	���
	���$��	����

	���$�	������)��������������$�

	�������������)���+����$������

� �� �

� ��

! �� � �������

We made a Configuration file.

! �� �,��$� ������ ������������������	������

��	���
�������
����������


Then we added this line to our cnf file.

-������)���+����$������

At the end, we initialized MySQL.

! ��������������$��+������$�.�������.�+	����

)���$�

! �
��� 	/ ���$� ��������������$�

! �

�� 	/ ���$� ��������������$�

! ��������������$��+������$��.����

	����)���$�0

! ��������������$��+������$������ 	� ����

�������� ��������

Note: xxxxxxxx - this is mysql root password, we

are able to set to this password.

3.2 Apache 2.0 Installation

First, we extracted the source of httpd-2.0.61.

� ��� ���� 
����	(�1�2'�����
�

Then, we created a Make file to compile by configure

script, and then made and installed it.

� �� 
����	(�1�2'

� �������
��� 	 ���+��� ��	������)��

� �� �

� ��

! �� � �������

We have to install two libraries for character

manipulation. First the libxml installation was done as

follows.

� ��� ���� ��+���

� �� ��+���

� �������
���

� �� �

� ��

! �� � ������������

�������������������������������������������������������������������� ��������������������������������������������������

����



Second we installed libiconv conversion code�

library .�

� ��� ���� ��+�����	'�''

� �� ��+�����	'�''

� �������
���

� �� �

� ��

! �� � �������

3.3 PHP 5.2.4 Installation

First, we extracted the source of php-5.2.4.

� ��� ���� �
�	&�(�3�����
�

Then, we created a Make file to compile by configure

script, and then made and installed it as follows.

� �� �
�	&�(�3

��������
��� 	���
	���$�)��������������$�

	���
	����()���������������
�(�+�������	���


	�����

	��
 	���+��� 	�+�����
 	���+��� �+���

	����� 	��� 	���+��� 	����� 	��� 	���+��

	���������
 	 ���
 	��� 	���
 ���+ 	��� 	

� �� �

� ��

! �� � �������

! �� �
�����	���� �������������+��
�����

We changed the path for Sendmail in php.ini.

! �� �
������	���� �������������+��
�����

! ��������.���
 ) ������+�����������	�

And we modified the httpd.conf file.

! �� ���������������
�(�����

! �� 
���������

4 5 � �dding a module second row in front of the line

6������� ��������������$����+����$����+���$�

���������

����,����� �
�.& ����������+�
�&���

* Setting up directory index

���������7���� �������
�8 ������
���8 ������


��

5�� �
� ��������
 ����� 5��9���

5��9��� �������������	
���� 	 �
���
�

5��9��� �������������	
����	�
�	��������
��

At the end of the PHP installation, we installed and

configured "phpMyAdmin". The phpMyAdmin is a tool

written in PHP intended to handle the administration of

MySQL over the Web . We extract the source, and
10�

then open the configuration file in order to set the

MySQL username and password.

� ��� ���� �
�������������
�

� �� �
��������

� �� ��
�������� ������ ����������������
���

���
�

* Setting to mysql username and password

:��
�;<������;��:���;����;� ) ;����;=

�����$� ���� ���� ��� �������# ����

:��
�;<������;��:���;��������;� );���������;

������ ���$� ���� ��������=

3.4 Some System Configurations

Because the FreeBSD is installed with the minimum

function that can be used, we have to make several

system configurations for system security, significant

alterations, record of logs and so on. Here we report

some system configurations by using the Sysinstall tool

and vi editor.

1 Setting up FTP log� �

The Select configure -- networking -- inetd from> >

Main menu in the Sysinstall. Then you can see

inetd.conf file with editor . If you want to� �Fig.5

disable a service, comment it out by prefixing the line

with '#'. If we want to enable a service, then remove the

'#' at the beginning of the line.

Setting to FTP logFig.5

2 Configuration of rc.conf file� �

rc.conf file contains about FreeBSD operating system

information for the main configuration. It is impossible

to explain this in detail here, so we will mention one

example of configuration to set FreeBSD to a hostname

and a global IP address .� �Fig.6

1. Open /etc/rc.conf file using text editor such as vi:

! �� ������������

2. Set to following lines

�������
.��1)?���� '@(�(1�3&�@ ������ (&&�(

&&�1�1

�������
.��')?���� (1(�(3(�A*�'33 ������ (&

&�(&&�(&&�1?

�������������)?(1(�(3(�A*�(1'?

!
�������)?�� �1@���������������	������B�?

� � � � � � ���� ������

�����

��������������������������������������

����




�������)?�����������	������B�?

Setting up to hostname and global IP addressFig.6

3 Automatically start up MySQL server at system� �

initial boot time

Make sure that MySQL server starts automatically

whenever FreeBSD comes up after reboot. FreeBSD

provided this facility via /etc/rc.conf file system�

configuration information . This file lists which services�

should be started up at system initial boot time. The

rc.conf file contains the global system configuration

information referenced by the startup scripts, while

rc.conf.local contains the local system configuration.

We configured FreeBSD to start up MySQL Server at

system initial boot time as following.

1. Open /etc/rc.conf file using text editor such as vi:

! �� ������������

2. Append following line, so it will be enabled that

MySQL server starts automatically after each reboot:

,��$� ���+���)?CD<?

3. Save file and exit to shell prompt.

4. Conclusion

From July through December 2007 I conducted

research work and professional development at Tsuyama

National College of Technology in Japan. During this

time, I completed the following tasks.

* Installing and configuring the FreeBSD open source

operating system

* Installing packages and applications necessary for a

fully operational web server with a database facility

using MySQL, Apache and PHP

* Installing fully operational Dynamic web services

based on PHP, Java script, etc.

These were experimental efforts and were very

successful. During these six months, I have gained

extensive knowledge in Java programming, database

MySQL , PHP script language and so on.� �
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��� Quantitative Description of Microscopic Plastic 

Deformation of Polycrystalline Aluminum using 

Laser-Scanning Microscope 

���� Hualin  SONG 
 Takeji  ABE 

����	� Key Engineering Materials, Vols.  ��������

� ���������� 


��
� ��������� 

���

  The microscopic plastic deformation behavior of 

polycrystalline aluminum sheet during uniaxial tension is 

experimentally investigated by a confocal laser-scanning 

microscope. The grain rotation is measured from images of 

specimen surface before and after deformation is proposed.  

Digital image processing technique is applied to the surface 

grain image taken by the CCD camera. The experimental data 

obtained from many grains are statically processed. It is 

shown that the grain rotation is large when the shape of grain 

is close to a circle. Discussions are made on the relation 

between grain rotation, strains of grains and various factors 

affecting them, such as grain size, grain shape and slip-line 

angle.  
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��� Frictional characteristics of a slide guide with 

hardened mirror-like surfaces  

���� IKazutake UEHARA, Fumio OBATA, Daijiro 

KONISHI  

����� Proceedings of the third Asia International�  

Conference on tribology, Japanese Society of 

Tribologists, T�`���`<�``Ñ�```�� 
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�� ���`�����`=�^a�

���

To realize a high-performance linear slide guide with lower 

friction coefficient in the wide sliding velocity range and high 

damping performance, recently the authors have proposed a 

linear slide guide having hardened mirror-like sliding contact 

surface. In this paper, using linear slide guide models, the 

effects were examined of the sliding contact surface 

roughness, the surface texture and the guide materials on the 

friction coefficient in the sliding velocity range from 1 

mm/min to 50 m/min. Fine finishing of hardened sliding 

contact surfaces and setting up rounded narrower sliding 

contact surfaces on each side of the slider were effective 

means to reduce the friction coefficient in the wide range of 

sliding velocity. 
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To improve the delayed fracture strength of ultra 

high-strength low alloy TRIP-aided steels with bainitic ferrite 

matrix (TBF steels), the effects of aluminum content on 

hydrogen absorption behavior and delayed fracture 

properties of 0.2%C-0.2-1.5%Si-1.5%Mn TBF steel were 

investigated. When aluminum was added to the TBF steel, 

the diffusible hydrogen increased. It was expected that the 

hydrogen was charged not only in retained austenite films but 

also on lath boundary. Delayed fracture strength of aluminum 

bearing TBF steels was significantly increased, compared 

with conventional TBF steel. This was mainly caused by 

suppression of the stress-assisted martensite transformation 

resulting from the stabilized or carbon-enriched retained 

austenite and hydrogen trapping to refined interlath retained 

austenite films and lath boundary. 
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In the present study, the effect of YAG laser cutting on the 

stretch-flangeability of 0.1-0.4%C TRIP steels was 

investigated. The stretch-flangeability (λ) of holes obtained by 

either laser cutting or hole-punching decreased with the 

increasing carbon content in the conventional TRIP steels (PF 

and BF steels). On the other hand, we demonstrated that YAG 

laser cutting contributed to the improvement of the 

stretch-flangeability balance (TS×λ) of 900MPa class AM 

steels with 0.3%C compared with the hole-punching, as well 

as the stretch-langeability. 
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In the present work, effect of YAG laser cutting pulse 

energy on stretch-flangeability in 0.2C-1.5Si-1.5Mn ultra 

high-strength TRIP-aided sheet steel with bainitic ferrite 

matrix (TBF steel) which were austempered at 375 or 450v 

was investigated for automotive applications. When a suitable 

condition of laser cutting is selected, the stretch-flangeability 

of laser cut hole is better than that of punched hole.  
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��� Application for White Light Emitting Diode  

 using Carbon Nitride 

����� IYuta Iwano and Kunio Itoh 

���	� 2006 Kosen Convention Record I.E.E.Japan  
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�� ���������a 

���

� w The purpose of this study is to make white emitting light 

device using α-CNx. In this paper, we report on α-CNx thin 

films prepared by using ECR-plasma-CVD apparatus and 

RF-sputtering apparatus, and discuss the experimental results 

of the optical characteristics. 

� As a result of CL measurement of a-CNx that was 

composed by ECR-plasma-CVD, we can expect a-CNx as a 

white light emitting device by controlling content of C-N 

combination and C-H combination. 

 As for the PL measurement of the sample which as made by 

RF sputtering, 650nm red peak was observed.  

Optical gap decreases as the N/C ratio increases, due to 

increase of C-N sp
2 

content. 
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For improvement the efficiency of the cold cathode 

lamp (CCL), it is important to select the optimum 

electrode material for reducing the cathode fall voltage 

(CFV). And it is necessary to grasp the relation between 

the electrode material and the CFV. So we attempt to 

measure the CCL's CFV with the indirect CFV 

measurement method using on the hot cathode fluorescent 

lamp. And by observing the negative glow on the 

electrode, the relation between the CFV and the negative 

glow condition is investigated. As a result of the 

examination, it is confirmed that the relation between the 

CCL's CFV and the γ coefficient of the electrode. 

Moreover it is cleared that the relation between the CFV 

and the negative glow condition of each electrode material. 

It is considered that the CFV measurement method is 

useful for estimating the performance of the CCL's 

electrode. 
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��� The Influence of the electrode material to the 

CCFL Characteristics 

����� IY. Takeda
1

 , R. Kitamoto
2

 , T.  

Uetsuki
2

 , O. Fukumasa
3

 

����	� Proceedings of the 11
th

 International 

Symposium on the Science and technology of 

Light Sources
p.135, May20-24, 2007, 

Shanghai, China 


��
�� �����Ñ���a 

���

The influence of the difference in the electrode material on 

the CCFL's characteristics is investigated with the nickel(Ni) 

electrode, the molybdenum(Mo) electrode, and the 

tungsten(W) electrode. As a result of the examination, it is 

confirmed that the cathode fall voltage(C.F.V.) of the CCFL is 

influenced by the difference in the electrode material. And it is 

observed that when the electrode material is the only nickel, 

the negative glow on the electrode surface becomes smaller as �����

�������������������������������������������������

����
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the lamp current is lower. 

�

�

��� Study on the Dependence of the Emission Point of 

Fluorescent Lamp on the Lighting Time 

����� ITadao Uetsuki and Hideaki Miyake 

����	� Proceedings of the 11
th

 International 

Symposium on the Science and technology of 

Light Sources
p.123, May20-24, 2007, 

Shanghai, China 


��
�� �����Ñ���a 

���

The filament condition of fluorescent lamp which is 

dimmed by the inverter ballast has not been grasped clearly. If 

it could be grasped, the reliable fluorescent lamp system could 

be designed easily. Then authors studied if the fluorescent 

lamp system could be expressed by the simple electric circuit. 

As the result, they grasped the fluorescent lamp system could 

be expressed by the simple circuit of resistance and 

inductance for an operating system. 

�

 

��� The Characteristics of Electrode-less Lamp’s Plasma 

������ IMasahiro Ueda, Tadao Uetsuki 

����	� Proceedings of the 11
th

 International 

Symposium on the Science and technology of 

Light Sources
p.243, May20-24, 2007, 

Shanghai, China 


��
�� �����Ñ���a�

���

In this paper, authors report on the relationship of the radial 

distribution of the electron temperature (Te) and the electron 

density (Ne) of the electrodes-lamp plasma to the operating 

frequency. They measured both the Te of the plasma at 

13.56MHz and that at 135 kHz. As the result, they find out the 

following things. 

 (1)The Te at 135 kHz seems to be the same as that at 

13.56MHz. 

 (2) The radial distribution of Ne at 135 kHz is difference 

from that at 13.56MHz. The maximum of the electron density 

at 135 kHz exists nearer to the center of the lamp operated 

with that at 13.56MHz. 

 

 

����Study on the Relationship betweentheelect

rode materials and the characteristics of CCFL 

������ IT. Ohira, T. Uetsuki, Y. Takeda, O. Fu

kumasa�

����	� Proceedings of the 11
th

 International 

Symposium on the Science and technology of 

Light Sources
p.211, May20-24, 2007, 

Shanghai, China 


��
�� 2007�5�22 a �

���

To improve the performance of the Cold Cathode 

Fluorescent Lamps (CCFLs) used for the backlight of the 

LC-TV, it is very important to grasp the electron emission 

ability of the cathode of CCFLs. Authors have considered that 

the performance of CCFLs is influenced by the electron 

emission ability determined by the nature of the material, 

which could be evaluated by the cathode fall voltage (CFV). 3 

kinds of electrode materials, namely W, Ni and Mo, were 

used for this research. The measurement results showed that 

CFV of Ni was highest and that of W was lowest, and that the 

mercury influenced the performance of NG’s plasma. Authors 

consider that the gamma-coefficient has an important role for 

the measurement results. 
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��� Electrochemical etching of CuInS
2
 thin films for solar 

cells''�

���� Shigeyuki Nakamura�

����	� Physica Status Solidi (phys. stat. sol.) (c) Vol.3, 

No. 8, 2564-2567 (2006) 


��
�� ���`�^��a�

���

Cu-rich CuInS
2
 thin films for solar cell application were 

electrochemically etched to avoid a toxic cyanide treatment. 

Cu/In ratio and conductivity of the films decreased by anodic 

electrochemical etching. 

Although XRD patterns and SEM micrographs have not 

changed by the etching, Raman spectra revealed that the 

electrochemical etching was found to be effective for 

removing Cu-S secondary phases in the Cu-rich CuInS
2
 thin 

films. 

 

 

��� Facing Target sputtered Iron-silicide Thin Film�

���� IShigeyuki Nakamura,  Toshiaki Kittaka, 

Ryohei Hamata, Hidekazu Tabuchi, Takahiro Aoki 

and Shinsuke Kunitsugu, Ken'ichi Takarabe�

����	� Thin Solid Films, Volume 515, Issue 22, 15 

August 2007, Pages 8205-8209  


��
�� Available online 20 February 2007.�

���

The FeSi
x
 (x=2.4) thin films with the flatness to an atomic 

scale for mechanical and optical applications can be grown by 

a facing target sputtering. The optical properties indicate the 

films contain nano-crystalline FeSi
2
. The nano-indentation 

hardness of 10 GPa were obtained. The interesting thing is 

that Young's modulus is larger than that of the carbon-based 

materials with the same hardness. This means that the FeSi
x
 is 

more elastic, which could be characteristic of the chemical �����

�������������������������������������������������

����
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bonding of the FeSi
2
 with the large contribution of d-electrons. 

Furthermore, the electric properties at room temperature were 

measured for solar cell application. 

 

 

�� !"� 

��� Effect of H
2
S annealing for CuInS

2
 thin films grown 

by a vacuum evaporation method �

����� IAkaki, Yoji, Nomoto, Keita; Nakamura, 

Shigeyuki; Yoshino, Kenji�

���	� 17th International Vacuum Congress and 13th 

International Conference on Solid Surface 


��
�� ��������a�

���

CuInS
2
 thin films were prepared by the vacuum 

evaporation method. The source materials were CuInS
2
 

powder grown by a hot-press method. After the vacuum 

evaporation, the samples were subsequently annealed under 

air or H
2
S atmospheres from 100 to 500 ̊ C. The XRD spectra 

indicate that the CuInS
2
 polycrystalline films were 

successfully obtained by annealing above 200 ˚C. We found 

that the films became close to stoichiometry with increasing 

annealing temperature under H
2
S atmosphere. Furthermore, it 

is found that maximum grain size of the samples was about 

1mm from the SEM photographs. The carrier concentrations 

and the resistivities of the films were changed in the range of 

10
18

-10
23

 cm
-3

 and 10
-3

~10
0

 �cm, respectively, at room 

temperature and all the samples annealed in H
2
S indicated 

p-type conduction by Hall measurement. It is deduced that the 

almost sulfur vacancy in the films annihilated by the H
2
S 

annealing. 
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Welding technology in space will be required to repair 

the space station. Arc welding in vacuum should be more 

conventional than electron beam welding because of low 

voltage operation. This paper presents a preliminary study 

on vacuum arc welding. Arc was ignited by separating an 

arcing electrode (cathode) from the welding piece (anode). 

The former is composed of a rod with round tip, however 

the latter of a screw/nut set. Both of them are made of 

stainless-steal (SUS304). A pulsed-arc current up to 

approx. 3000A with duration of about 20ms was fed from 

a power supply that was consisted of a low-voltage LC 

circuit (135μH/0.04F/550V) with a crowbar diode. The 

screw/nut seemed to be uniformly melted by eye. The 

tensile strength of the welded piece was measured after 

welding test. However it was low in comparison with a 

TIG welded piece that was done in an atmospheric 

pressure. One-dimensional thermal conduction was 

analyzed in a finite welding piece. The calculated result 

showed that the melting depth could be over 1 mm when 

the arc current flows for more than 10-15 times longer 

than that in this experiment. Farther investigation is 

required to find appropriate conditions (arc current, arc 

discharge mode, welding material, etc) to realize 

satisfactory arc welding in vacuum. 
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��� A Study on Contour Line and Internal Area Extraction 

Method by Using the Self-Organization Map 
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Recently, Intelligent Transport System (ITS) is actively 

developed. There are big development areas in it. Within 

those areas, the research on detection and recognition of the 

road sign is one of the most important development areas. In 

this paper, we show the process improvement in order to 

extract the contour line and recognize the road sign shape 

from it. We have proposed the new extraction method of the 

contour line and internal areas from the road sign 

instantaneously by using the Self Organization Map (SOM). 
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��� A Study on Road Sign Shape Recognition Using 

Active Net 
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On Intelligent Transport Systems, the road sign detection 

and recognition from landscape images is actively developed. 

The examination case was only seen on the shape recognition 

as the preprocessing of extraction by Active Net. So this paper 

shows the post processing of extraction and we have 

succeeded a process application on road sign shape 

recognition by Active Net. 
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�� Hamiltonian laceability of bubble-sort graphs 

with edge faults 

���� Toru Araki and Yosuke Kikuchi 
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� It is known that the n-dimensional bubble-sort 

graph Bn is bipartite, (n-1)-regular, and has n! 

vertices. We first show that, for any vertex v, Bn-v 

has a Hamiltonian path between any two vertices in 

the same partite set without v. Let F be a subset of 

edges of Bn. We next show that Bn-F has a 

Hamiltonian path between any two vertices of 

different partite sets if |F| is at most n-3. Then we 

also prove that Bn-F has a path of length n!-2 

between any pair of vertices in the same partite set. 
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��� On the self similarities of the k-Pascal triangles. 
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We begin by recalling k- Pascal triangles. For ample, 

2-Pascal triangle, i.e. Pascal triangle, is a triangle of numbers 

which are coefficients of (x+1)
n

. The 3-Pascal triangle is a 

triangle of numbers which are coefficients of (x
 2

 +x+1)
 n

 . In 

the same way, we can get the k-Pascal triangle when k>3, too.  

It is well known that the 2-Pascal triangle by modulus 2 is 

Sierpinski's gasket. The two students of mine� studied the 

structure of self similarity of k-Pascal triangle for any k. 

Consider the first two lines to be one unit , when one wants to 

see the self similarities of the k-Pascal triangles. The 

following are conjectures :  

(C.1) The k-Pascal triangle by modulus p has the self 

similarity for any k, when p is prime number.  

(C.2) We need to neglect some lines and rows to see the self 

similarity. For example, 3-Pascal triangle by modulus 5 has 

seven lines and six rows that shouldbe neglected.  

(C.3) Let L be the number of lines that should be neglected, 

and R the number of rows that should be neglected. Then we 

have the equality L-R=k-2.  

(C.4) If p
 s-1

<k<=p
 s

 , we have the equality L=p
 s

-2, where 

s=0,1,2,... 

Names of the students are Mr. Inoue and Ms. Yamamoto. 

They were awarded the second prize for the study at the U-18 

science research contest of Japan Society for Science 

Education, in August 2006. 
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From the viewpoint of rational homotopy theory, we 

introduce an iterated cyclic homology of connected 

commutative differential graded algebras over the rational 

number field, which is regarded as a generalization of the 

ordinary cyclic homology.  Let T be the circle group 

andF(T
l

,X) denote the function space of continuous maps 

from the -dimensionall  torus T

l 

to an -connectedl  

space X .  It is also shown that the iterated cyclic homology 

of the differential graded algebra of polynomial forms on X is 

isomorphic to the rational cohomology algebra of the Borel 

spaceET×
T
F(T

l

,X), where the -actionT  on F(T
l

,X) is 

induced by the diagonal action ofT on the source space T

l

. 
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From the viewpoint of rational homotopy theory, we 

introduce an iterated cyclic homology of connected 

commutative differential graded algebras over the rational 

number field, which is regarded as a generalization of the 

ordinary cyclic homology.  LetT be the circle group and 

F(T
l

,X) denote the function space of continuous maps from 

the -dimensionall  torus T

l 

to an -connectedl  space X .  

It is also shown that the iterated cyclic homology of the 

differential graded algebra of polynomial forms on X is 

isomorphic to the rational cohomology algebra of the Borel 

spaceET×
T
F(T

l

,X), where the -actionT  on F(T
l

,X) is 

induced by the diagonal action of T on the source space T

l
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