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1-1  
Fabrication of Solar Cell by Metal Oxide Thin-film through Eco-processes 

 
 

Mitsunobu Sato, Department of Applied Physics, Kogakuin University  
 

  Abstract 
We examined the possibility to fabricate the translucent and dry-type solar cells by the molecular precursor 

method which is one of the wet processes for thin film formation of metal oxides. First, we attempted 
fabrication of thicker Cu2O thin films deposited on a Na-free glass substrate by using novel precursor solutions 
for spin-coating, along with their conductivity and purity. The Cu2O thin films with 200 nm thickness resulting 
from heat treatment of the precursor film at 450 °C for 33 min in Ar gas at a flow rate of 1.0 L min–1 were 
characterized by X-ray diffraction. Hall Effect measurements of the thin film indicated that the single-phase 
Cu2O thin film is a typical p-type semiconductor, with a hole concentration of 4.6 × 1018 cm–3 and hole 
mobility of 0.15 cm2 v–1 s–1 at 300 K. The translucent and dry-type solar cells by combination with a p-type 
Cu2O thin film were fabricated on AZO pre-coated substrate by the molecular precursor method. The structure 
of the solar cell was AZO/ p-Cu2O. When the visible-light responsive titania was fabricated between the AZO 
and Cu2O, the solar cell provided the power conversion efficiency ( ) of 1 × 10 3 %, fill factor (FF) of 0.33, 
short-circuit current density (JSC) of 1.4 × 10 5 A cm 2, and open-circuit voltage (VOC) of 2.8 V, although those 
values were 6 × 10 5 % ( ), 0.26 (FF), 2.0 × 10 6 A cm 2 (JSC), and 0.012 V (VOC) respectively in the case of 
without titania thin film. The titania layer considerably improves the diffusion of Zn atom. Thus, it was 
elucidated that the present molecular precursor method has a possibility to be useful for the facile fabrication 
of the Vis-responsive dry solar-cell on large-area substrates. 

 
 

(keywords: dry-type solar cells, metal oxides, thin films, molecular precursor method) 
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3
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FE-SEM JSM-6701F JEOL

SEM 
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3-2 Cu2O
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3-3  

Cu2O
Table 1

Cu2O p
AB8
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Table 1  

 
   

[nm] 
 

[  cm] 

 
 

 [cm–3] 

 
 

 [cm2
 

V–1
 

s–1] 

AB5 210 120 1.1×1016 4.5 

AB6 210 61 4.4×1015 22

AB7 200 70 5.1×1016 1.8 

AB8 190 8 4.6×1018 0.15 

AB9 210 34 1.5×1016 13 

AB10 220 28 1.8×1016 12 

 
3-4 XRD  
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XRD
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1-1-1   
Fabrication of Solar Cell by Metal Oxide Thin-film through Eco-processes II 

 
 

Hiroki Nagai, (Department of Applied Physics, Kogakuin University) 
 

  Abstract  
Electrochemical rechargeable batteries are the most efficient systems for energy conversion and storage. We 

attempted to fabricate the rechargeable solar cells by using the molecular precursor method. The structure of 
this solar cell was FTO electrode/n-TiO2/LiPF6/LiCoO2/FTO electrode. The solar cell provided the power 
conversion efficiency ( ) of 1.9 × 10 2%, fill factor (FF) of 0.29, short-circuit current density (JSC) of 7 × 10 5 
A cm 2, and open circuit voltage (VOC) of 0.97 V. The repeated charge and self-discharge test of this solar cell 
was performed under light irradiation 30 times at 60-s intervals. The charging voltage of the assembled battery 
was 1.38 V with irradiation of 1 sun; the self-discharge voltage was 1.37 V. Thus, it can be charged by solar 
light irradiation was fabricated on a conductive glass substrate by a wet process. 

 
 

 
            (Solar Cell, Lithium ion battery, Molecular precursor method) 
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2.  

2-1  
TiO2 STiO2  
Pt SPt (IV)
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LiCoO2 SLCO
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Fig. 1  
 
2-4  
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3-2  
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Table 1 FLCO p
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Table 1  

  
/  cm 

 
/cm–3 

 
/cm2 V–1 s–1 

FTiO2 n. d.   

FLCO 8.7 1.2 × 1017 6.4 

  
 
3-3 UV-Vis 
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Table 2  
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1-2
High-Efficient Near-UV Light-Emitting Integrated Devices based on GaN and Its Related Materials 

Tohru Honda  
(Department of Applied Physics, School of Advanced Engineering, Kogakuin University)  

 
Abstract

Schottly-type GaN-based light-emitting diodes (LEDs) were investigated for the application to 
flat-panel dispalys based on integrated LED arrays. We focused on (1) Surface modification of 
GaN layers for their device fabrication, (2) GaN grwoth on pseudo Al tenplates by molecular 
beam epitaxy (MBE) and (3) Ga-In-O films fabricated by the molecular precursor method (MPM) 
for their application as UV transparent electrodes.

1.

( -FPD) GaN
(LED)

RGB
LED Si C-MOS

LED

( ) mW
LED

 
 (GaN) III-V

(LEDs)  
400nm (LDs)

 
 III-V 

III-V 
III-V 

[1]
 

 
(FPDs)

 
 EL

III-V 

2 
 III-V 

 FDPs(
, -FPD )

 
  LED  

 GaN (RGB)
 GaN 

20
10 (  1,000 )

1024x768  LED 
 

 800 RGB-LED  FDP 

 100 1 1
 

 
(IC) 1

( 1) [2]
LED

Si C-MOS
-FPD

[3]

－ 132 －



 

13 
 

3 Martin D. Dawson
( )

 

LED
 

(1)  
(2)  
(3)  

 
 

2.  

2-1   
(RGB)

RGB

RGB
LED

LED

 

3GaN
370nm 2

(MBE)
GaInN LED
GaInN-LED pn

(
)

2-2

(MIS )

 

2-2
LED

(VGA) 600x480x3
864,000 4

50 m
1000cd/m2

5000mW/m2

1.25 W 1/60
75 W

GaN LED

 
2 [4]

R(cm-3s-1)
 

R Bnp   (1) 

B GaN
2x10-10 cm3s-1 n

p
(cm-3) 50 m 0.1 m

 

 W EphotonR V  (2) 

W (W)
Ephoton (J) V (cm3)

20% 4x1015 cm-3

 
C-MOS LED .
3 . 

MBE GaInN LED . (
. ) 

－ 133 －



 

14 
 

( 160 A)
100 W

B

MIS

( )

(QCSE) p

ABC [6]
(IQE)

A B
Auger

C  
dn/dt = -An-Bn2-Cn3+G (1) 

G n

 
IQE = Bn2/(An+Bn2)   (2) 

GaN

p (Mg)
p

GaN LED n nm
m p nm

p

(MIS )

GaN MIS
LED

 
 

3. GaN MIS  

3-1 MIS
GaN

(MIS)
Al

GaN MIS-LED

 
MIS GaN

(MBE)
[6] Ga Al

RF AlN
1 m Si

n 1x1018 cm-3  
MIS-LED

GaN Al/Au

 
3  LED . (EQE)

5 . 

 
 

4 AlGaN MOS-LED
. 

－ 134 －



 

15 
 

[14] 1mm
Au 300 

m 1(a) ST-LED
ST-LED

Al (AlOx) MIS-LED
Al 450 30

Al  
Al

BHF
MIS

Al
 

X  (XPS: X-ray photoelectron 
spectroscopy) 
Al2O3[6] Al

20nm 13n 1.2K
MOS-LED

1(b) EL
 (-26V,  25ms) 

 
4 GaN MOS-LED

Al
1/10

Au/GaN
 MBE MOVPE GaN

 
 
3-2 GaN MIS

Al
GaN MOS-LED EL

Al
EL 5 GaN

MOS-LED

 
GaN

(1)

[7] (2)
(TD) [8]

Al
Al

[7]
XPS

BHF
Al

GaN Al

Al

AFM

[8] Al
Al

Ga Al
Al

Al

(2)
 

4 EL
750mW 100 W

RGB
RGB

0.1%
 

 
3-3  

(ITO) (ZnO)

ITO

(MgZnO) (Ga2O3)
1-1 (

5 GaN MOS LED EL . 

－ 135 －



 

16 
 

) MgZnO Mg

(UV-A) [9]
(ZnO)

[10]
Mg ZnO

 
ZnO

[10]

MgZnO
(MPM)

[9]
Zn Mg

MgZnO

 
MPM Mg0.1Zn0.9O

370nm GaN (LED)

[9] Ga

[9] ·cm

ZnO

[10] c
ZnO

c
c ZnO

Mg0.1Zn0.9O MPM
  

Zn-nta (nitrilotriacetic acid)

[9]
Mg-edta (ethylenediamine-N, N, N’, 

N’-tetraacetic acid) Ga-edta
MgZnO Mg

Ga %

3000 rpm, 3 2
4000 rpm, 5

70 10

600 90
(Ar) 100ccm

100ccm  
XRD

Ar c
  

Ga Ga
Ga-edta

[9] Ga
5

Ga
ZnO Mg

ZnO MgZnO

Mg Ga

 
 
3-4  

[11]
In (GaxIn1-x)2O3 ( GIO)

 
GaN 3.4 

eV( 365 nm) 80 %
10-3 cm GIO

MOS-LED
EL  

(EDTA)

 
6 Ga . 0.1 m . 

. 

－ 136 －



 

17 
 

Ga-edta
EDTA In-edta

In2O3   
GaN 10 mm +c Al

450°C 30
 15 nm AlOx

Ga2O3 In2O3

In 50 mol% (In/Ga+In=50 mol%)
AlOx 2000 rpm 30

70 10
Ar 600 ,30

50 nm GIO
 

GIO EB
100-300 m 500 m

Au -c
Al/Au GIO

Au MOS-LED

1 mm
GIO 1×10-2 cm-2 Au

1~2×10-3 cm-2 I-V
EL EL

35 mA 7  
EL

GaN
GIO

 3.40 
eV Au 3.36 eV

GIO 1.2
GIO

 
 

4. AlN/GaN MIS  
  4-1  

LED
LED

MIS

Al

100 W

 
 

4-2  
MIS

AlN

AlN Mg

Mg GaN
GaN p GaN

Mg

 

( ) T. Honda, A. Katsube, T. Sakaguchi, F. Koyama and K. 
Iga, Jpn. J. Appl. Phys., vol. 34, no. 7A, (1995) pp. 3527 – 
3532. 

( ) Y. K. Song, A. V. Nurmikko, M. Gherasimova, S. R. Jeon 
and J. Han, phys. stat. sol. (a) vol. 201, no. 12, (2004) pp. 
2721 – 2725. 

( ) J. J. D. McKendry, B. R. Rae, Z. Gong, K. R. Muir, B. 
Guihabert, D. Massoubre, E. Gu, D. Renshaw, M. D. 
Dawson and R. K. Hendersn, IEEE Photon. Technol. 
Lett., vol. 21, no.12, (2009), pp. 811-813. 

( ) E. F. Schubert, “Light-emitting diodes (2nd Ed.),” 
(Chanbridge University Press, London, 2006). 

( )    
*

          
    SEI , vol. 181, (2012), 

pp. 48-52. 
( ) Y. C. Chen, G. O. Mueller, S. Watanabe, N. F. Gardner, A. 

Munkholm, M. R. Krames, Appl. Phys. Lett. vol. 91 
(2007) 141101. 

( ) J. Kotani, M. Kaneko, H. Hasegawa and T. Hashizume, J. 
Vac. Sci. Technol. B24, 2148 (2006).  

( ) E. J. Miller, D. M. Schaadt, E. T. Yu, C. Poblenz, C. 
Elsass and J. S. Speck, J. Appl. Phys. 91, 9821 (2002).  

( ) Y. Mashiyama, K. Yoshioka, S. Komiyama, H. Nomura, 
S. Adachi, M. Sato and T. Honda, Phys. Stat. Sol. C6, 596 
(2009).  

(10) T. Minami, T. Miyata, Y. Ohtani and Y. Mochizuki, Jpn. J. 
Appl. Phys. 45, L409 (2006).  

(11) T. Onuma, S. Saito, K. Sasaki, K. Goto, T. Masui, T. 
Yamaguchi, T. Honda, A. Kuramata, and M. 
Higashiwaki, Appl. Phys. Lett. 108, 101904 (2016). 

 
7 GIO GaN MIS-LED

. 

－ 137 －



 

18 
 

1-3

Development of Electro-Spray Deposition for  
The Fabrication of Organic EL and Organic Solar Cell  

Tetsuo Sakamoto (Department of Applied Physics, Kogakuin University)  
 

Abstract
By devising a metal needle as a tip of electro-spray deposition (ESD), named Needle-ESD, the 

size of droplets were smaller than conventional ESD using a capillary. We are researching for 
stacked organic solar cell in air by means of electro-spray deposition method. 
Bulk-heterostructure has been considered to improve the conversion efficiency of organic solar 
cell. In this time, we succeeded making organic solar cell by means of ESD. 

(Electro-Spray Deposition, Organic EL, Organic Solar Cell) 
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2-1
Development of high efficiency thermoelectric generator  

with nanostructure control technology  

Hitoshi Kohri, (Department of Environmental Chemistry and Chemical Engineering, 
Kogakuin University)  

 
Abstract

Thermoelectric generator and thermophotovoltaic generator are expected as an independent 
source, waste heat recovery system and so on. However, the efficiency of these generators is not 
enough. The high performance energy conversion materials for these generator is usually used toxic element. 
In this study, the eco energy conversion materials for thermoelectric and/or thermophotovoltaic generator 
without toxic elements were investigated.  

The improvement of performance for thermoelectric materials have been studied using nanostructure control 
technology. In this study, the fabrication of Bi nanowire was tried by glass coated melt spinning method. The 
thermoelectric properties of Bi improved with decreasing diameter of Bi wire at below 100 m. The 
thermoelectric properties od Bi2VO5.5 with nanolayered structure were investigated. The substitution of Mo or 
W at V site was effective due to decrease of resistivity and thermal conductivity of Bi2VO5.5. Moreover, slow 
cooling in crystal growth of melting method was able to reduce of resistivity for Bi2VO5.5. Electrodes are 
necessary to take out the electrical power from the thermoelectric couples. It was found that Sn-Ti-Zn alloy 
was suitable as solder for Bi. Ni coated Bi2VO5.5 was able to blaze to Ni electrode by phosphor copper solder 
or silver solder.  
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3-1   
Design of high performance electrolytic capacitor using structure-controlled electrodes 

 
 

Hidetaka Asoh (Department of Applied Chemistry, Kogakuin University)  
 

Abstract 
To form dielectrics for electrolytic capacitor on Pure Ti, Ti-Al alloy and Ti-Ni-Si amorphous alloy, two-step 

anodization including re-anodizing technique and constant current anodization were applied respectively. The 
resultant anodic films were characterized using scanning electron microscopy (SEM), glow discharge optical 
emission spectroscopy (GD-OES), auger electron spectroscopy (AES), capacitance measurements, and leakage 
current measurements to clarify their structures, growth behavior, dielectric properties and electric 
charging/discharging characteristics. The influences of structure and composition of the anodic films on their 
properties are discussed. 

 
 

(Electrolytic capacitor, Permittivity, Titanium, Titanium oxide, Ti-Ni-Si amorphous alloy) 
 

1.  

 

2.  
2011-2013

 

Ti-Al
 

2014-2015

3

 

3.
 

3-1  

Grätzel (1)

 
CVD

5 V 20 V

Aladjem(2) Review

－ 150 －



 
 

31 
 

1960

 
1970 2000

(3) (6) Shibata (3)

106 Vcm-2

Habazaki (7) TEM
/

 
2003 Habazaki (8)

Ti-6 at%Si
140 V

 
2011 2013

2
 

1

/

 
2 Ti-Al

 

3-2  

3-2-1 /
 

0.25 wt %
- 20  60 

V
0.1 mol dm-3 

20 1-50 Am-2 100-300 
V

FESEM JSM 6701F  

3-2-2 -
/  

Ti-Al (Ti-50 %Al 2 cm2)
5 wt%

(65 ) 20 30 vol %
60

10

0.01 mol dm-3 85 
5 A cm-2 300 V 45

 ( )
500 5

 
(LCR

 ZM2353 150 g dm-3

120 Hz) (
)

( 75 15
)  (C)  (V)

CV
3

(FESEM JSM 
6701F)

(GDOES
Jobin-YvonJY7500RF)  

3-3  

3-3-1 /
 

5 Am-2

60 V

1

－ 151 －



 
 

32 
 

 

 
1 0.1 mol dm-3 

 

 

2 (a) 200 nm
SEM (b)100 V (c)150 V

5 Am-2

 
 

2a -
60 V 20

SEM

(9)

80 nm 200 nm

5 Am-2

200 V
1

100 V

/
2b

150 V
2c

 
500 nm

100 V
200 V

 

3-3-2
/  

Ti-Al 0.01 mol dm-3

(85 ) 300 
V 45

3

Ti-Al

Al  
510 nm

290 nm Anodizing ratio
1.7 (nm V-1) 0.96

 
Ti-Al Al

2
36

Al
3.6 Ti-Al

200 nm

a 

 

b 

 

c 

－ 152 －



 
 

33 
 

Al

Ti-Al

 

 
3 (a) Ti-Al

SEM (b)
 

4.

 

4-1  
Ni Si Ti

(10 11)

Ti

Ti

Ti
(I–V)

 

4-2  
Ti-15Ni-15Si (1 mm × 

50 m × 1 cm) 1
I–V 0 10 V

0.2 V
1 mA 10 V 5

1 pA  

4-3  
1

4
0.2 V

10 V

10 V No. 3 , 30 V No. 4
10 V

No. 3 pA
 ( 4a ) 199 G
30 V No. 4 4 V

A
679 k  (

4b)

500 G

20 V
No. 7  30 V No. 8

239 G  200 G
 

No.1, 2
200

30 V No.4, 5, 9
I–V K

M
30 V

No.4 8
30 V

No.8

－ 153 －



 
 

34 
 

 
1

60 No.6
379 G 300

 

5.  

 

 

1  

 

 

4  
(a) (b)  

0.1 mol dm 3 20 ºC 10-30 V 5 min 
0.25 wt% NH4F HF EG 20 ºC 20 V 5 min 

－ 154 －



 
 

35 
 

 

( ) B. O’Regan and M. Grätzel : “A low-cost, high-efficiency 
solar cell based on dye-sensitized colloidal TiO2 films”, 
Nature, 353, 737-740 (1991) 

( ) A. Aladjem : “Anodic oxidation of titanium and its alloys”, 
J. Mater. Sci., 8, 688-704 (1973) 

( ) J. Yaholom and J. Zahavi : “Electrolytic breakdown 
crystallization of anodic oxide films on Al, Ta and Ti”, 
Electrochim Acta, 15, 1429-1435 (1970) 

( ) T. Ohtsuka, M. Masuda and N. Sato : “Ellipsometric study 
of anodic oxide films on titanium in hydrochloric acid, 
sulfuric acid, and phosphate solution”, J. Electrochem. 
Soc., 132, 787-792 (1985) 

( ) T. Ohtsuka, J. Guo and N. Sato : “Raman spectra of the 
anodic oxide film on titanium in acidic sulfate and neutral 
phosphate solutions”, J. Electrochem. Soc., 133, 
2473-2476 (1986) 

( ) T. Shibata and Y.-C. Zhu : “The effect of film formation 
conditions on the structure and composition of anodic 
oxide films on titanium”, Corros Sci., 37, 253-270 (1995) 

( ) H. Habazaki, M. Uozumi, H. Konno, K. Shimizu, P. 
Skeldon, and G.E. Thompson : “Crystallization of anodic 
titania on titanium and its alloys”, Corros. Sci., 45, 
2063-2073 (2003) 

( ) H. Habazaki, M. Uozumi, H. Konno, K. Shimizu, S. 
Nagata, K. Asami, K. Matsumoto, K. Takayama, Y. Oda, P. 
Skeldon, and G.E. Thompson : “Influences of structure and 
composition on growth of anodic oxide films on Ti /Zr 
alloys”, Electrochim. Acta, 48, 3257-3266 (2003) 

( ) A. Ghicov and P. Schmuki : “Self-ordering 
electrochemistry: a review on growth and functionality of 
TiO2 nanotubes and other self-aligned MOx structures”, 
Chem. Commun., 2791-2808 (2009) 

(10)M. Fukuhara and K. Sugawara : “Electric 
charging/discharging characteristics of super capacitor, 
using de-alloying and anodic oxidezed Ti-Ni-Si amorphous 
alloy ribbons”, Nanoscale Research Letters, 9, 253 (2014) 

(11) M. Fukuhara and K. Sugawara : “Anodic oxidization of 
Ti-Ni-Si amorphous alloy ribbons and their capacitive and 
resistive properties”, Thin Solid Films, 595, 1-4 (2015) 

 

－ 155 －



 

36 
 

3-2   
Development of the new solid electrolyte (superionic conductor) as materials constituting a battery 

 

    

Toshinori Okura, (Department of Environmental and Energy Chemistry, Kogakuin University)  
 

  Abstract 
Glass-ceramics of the phosphorus containing Na5RSi4O12(N5)-type (R=rare earth) Na+-superionic 

conductors  have been developed by crystallization of glasses with the composition Na3+3x-yR1-xPySi3-yO9 
(NaRPSi). These materials are comparable to the conventional ceramic Na+-conductors such as NASICON, - 
and "-aluminas (e.g., NaAl11O17 and NaAl5O8). The R elements have a significant effect on the crystallization 
of glasses, as well as on the conduction properties. The authors have already obtained polycrystalline N5-type 
NaRPSi with Sc, Y, Gd or Sm as the R element. It is currently assumed from the analogy with N5 that all the R 
ions can be octahedrally coordinated with the non-bridging oxide ions of the (SiO4, PO4)-tetrahedra of the 
12-membered rings. The reported results on the silicate ceramics show that the conductivity of N5-type 
NaRPSi increases with increasing size of its R ions. Only a limited number of works have been carried out for 
this type of Na+ conductors, although the excellent ionic conduction property of the Na5RSi4O12 has long been 
recognized for these two decades. Our phosphorus containing compositions have been confirmed superior to 
the mother composition of N5-type, especially in the production of the single-phase glass-ceramics. 
Considering the inference, our main work has recently been focused on the synthesis of various glass-ceramics 
with N5-type single-phase. 
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Table 1 Various properties of NaY(B,Al,Ga)Si glass-ceramics. 

NaYB Si NaYAl Si NaYGa Si 

Conductivity at 300°C (×10-2 S/cm) 4.32 4.11 3.08 

Activation energy of crystal growth (kJ/mol) 410 392 382 

Lattice constant 
(nm) 

a - axis 2.2048 2.2060 2.2075 

c - axis 1.2620 1.2628 1.2640 

Volume 5.3131 5.3220 5.3345 

Grain size ( m) 3.8 4.4 4.9 
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3-3     
Development of novel dielectric oxide film for high performance capacitor devices 

 

Sachiko Ono (Department of Applied Chemistry, Kogakuin University)  
 

Abstract 
The capacitance of the films formed in phosphoric acid with the addition of organic solvent such as ethylene 
glycol and ethanol was higher than that of the film formed in phosphoric acid likewise the addition of ammonium 
hydroxide. From impedance measurements, it became clear that the films formed in phosphoric acid with the 
addition of organic solvent were composed of electrical two layers. Moreover, the leakage current under certain 
applied voltage of these films was notably increased in the condition of light irradiation. This phenomenon is 
suggested to be derived from n-type semiconducting property. These results indicate that apparent bandgap of the 
anodic niobium oxide films is also decreaced by incorporation of organic species into the films as well as 
nitrogen doping. Concrning the dielectric property of anodic alumina films, changes in dissolution rate of the 
films suggested that the films formed at the higher voltage range from 20 V to 80 V were composed of one layer. 
On the other hand, the films formed at 5 V and 10 V were composed of two layers with different dissolution rate. 

 
 

(Dielectric properties, Anodic oxide film, Niobium, High capacitance,) 
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3-4   
Microstructure control of electrodes for intermediate temperature SOFCs 

Hidetoshi Nagamoto 
(Department of Environmental and Energy Chemistry, Kogakuin University)  

 
Abstract:

La0.5Sr0.5Co1-xTixO3-  was decomposed into cobaltite and titanate. Ti substitution for Co caused 
to increase the grain boundary, but the ASR for air electrode was increased by the increase in 
the mean particle size of LSCT. Addition of Ag particles by the pyrolysis of AgNO3 solution 
dipped into LSCT electrode gave rise to a decrease in ASR for x  0.1, which enhanced the 
performance of LSCT air electrode. 

 

(Fuel Cells, Solid Electrolyte, Intermediate-Temperature, Phase Decomposition, Microstructure) 
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4-1  
Development of ecomaterial devices using interface modification techniques 

 
 

Ichiro Takano (Department of electrical engineering, Kogakuin university)  
 

  Abstract 
Polyglycolic acid PGA of biodegradable plastics used for this study is categorized as a polyester resin 

comprising hydrogen, carbon and oxygen. The usage of PGA in electronic parts such as printed circuit boards 
has an important role in the protection of environment, but several difficulties must be overcome. For this 
study, an Ar  ion beam was used to modify a PGA surface so that the metal-film-coated PGA durability was 
improved. Then double-layer Cu/Ti films were deposited on the modified PGA using vacuum evaporation. 
Results showed that the films with the Ti layer between the Cu film and the surface-modified PGA exhibited 
superior adhesion and electrical conductivity compared to those of a Cu single-layer film. Those properties 
showed a maximum value at 30 nm Ti thickness, but deteriorated with increasing Ti-layer thickness. Electrical 
conductivity measurements suggest the possible use of PGA for printed circuit boards. 

 
 

Key words: Biodegradable plastics, Ion beam, Surface modification 
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4-2 

Creation of Electrical and Electronic Eco-material Board by Film Formation Technology 

Takayoshi Yagasaki, (Department of Environmental Chemistry, Kogakuin University)  
 

Abstract
The biodegradable plastics have long been sought as a replacement for general-purpose 

plastics due to their potential to aid preservation of the environment. However, from the 
standpoint of their use as structural components in devices, biodegradable plastics have critical 
weaknesses in their vulnerability to heat and their low mechanical strength. One proposed 
route to resolving these issues is to modify the microstructure of biodegradable plastics. In this 
study, polylactic acid (PLA), a biodegradable plastic, was annealed, alloyed with another 
biodegradable polymer, and mixed with stereo crystals among other procedures, and improved 
material properties were obtained. The improved PLA was shown to retain its biodegradability, 
and its biodegradability was controllable.  

In addition, ion beam irradiation was successfully employed to produce a film on the surface of 
a board of the improved PLA, in anticipation of using this material to create electrical or 
electronic devices of eco-material, which are expected to be exposed to vibrations and other 
disturbances. This demonstrated that it is possible to deposit a film on this material. 

(Keywords Biodegradable Plastics, Annealing Treatment, Polymer Alloy, Stereo Complex,  
 Ion Beam Irradiation 
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4-3
Nano-Structural Analysis of Substrate Interfaces 

Norio Baba, (Department of Computer Science, Kogakuin University)  
 

Abstract
It is important for development of various ecological devices in this research project to analyze 

the structures at the micro and nano scale level For the structural analysis particularly 
focusing on the substrate interfaces, the electron microscopy (TEM/SEM) and the improved 
electron tomography (ECT) were applied together with the ultra-microtome thin sectioning 
technique. As a result, specimen samplings of various stacked thin-film devices were succeeded 
and valuable TEM and ECT analyses have been obtained. 

(Keywords:  substrate interface, micro and nanoscale structural analysis, electron microscopy, 
micro sampling) 
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2 

Introduction 

Fabrication of -displays based on Light-emitting diodes (LEDs) 

Down size and 
Cost effective fabrication 

Integration of UV LEDs with RGB phosphors 
 Focus: Fabrication of UV LED arrays 

Large-scale LED displays in 
Tokyo Racecourse 
(66.1 m x 11.2 m) 

LED-based  displays 
 

1 

High-efficient near-UV light-emitting integrated devices based on 
GaN and its related materials 

 Tohru HONDA, Tomohiro YAMAGUCHI, Takeyoshi ONUMA 

ECEC seminar 2016.3.25 @ Kogakuin Univ. 

Department of Applied Physics, SAE,  
Kogakuin University, Tokyo, Japan 

1-3 

,  ,   

－ 265 －



4 

Previous approach for integration 

Flip-chip bonding onto -LED driver 
IEEE PHOTONICS TECHNOLOGY LETTERS, VOL. 21, NO. 12, JUNE 15, 2009 811

Individually Addressable AlInGaN Micro-LED
Arrays With CMOS Control and Subnanosecond

Output Pulses
Jonathan J. D. McKendry, Bruce R. Rae, Zheng Gong, Keith R. Muir, Benoit Guilhabert, David Massoubre,

Erdan Gu, David Renshaw, Martin D. Dawson , and Robert K. Henderson

Fig. 1. (a) Microscope image of a section of a CMOS device and (b) micro-
scope image of four micro-LED/CMOS pixels in operation.

Integration of planar-LEDs 
Honda et. al, Phys. Stat. Sol. C5, 2225 (2008). 
Honda et. al, Phys. Stat. Sol. C9, 778 (2012). 

Flip-chip bonding & monolithic fabrication were proposed for the integration. 
For the high-dense integration, vertical injection has an advantage.  

PTL 21,811 (2009) 

(Schottky type) 

(View from bottom side) 

3 

Technical issues for -display applications 

MOVPE GaInN LED. 
. 
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6 

GaN-based MIS LED 

5 

ABC model in light emission 

p GaN A  
p  
(Epistar, 10 nm) 
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8 

Al facepack process 

Anneal in air 
at 450  30min 

 

Deposit Al 
(thickness <40 nm) on GaN  

Al AlOx 

Al-Ga alloy 

GaN 

Al-Ga alloy oxide Threading dislocation(TD) 

consider that the particles are alloy oxide 
BHF etching BHF etching+ Al FP 

AlOx etching by BHF 
Rinse off BHF with pure water 

TD 
Alloy Oxide 

7 

GaN-based MIS LED (2) 

Lagerstedt  
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10 

Gallium and indium oxides 

Bandgap energy of Ga-In-O is larger than GaN. 
Transparent in UV spectral region (~365 nm)  
is expected. 

The molecular precursor method 
(MPM) 

Cost-effective fabrication 

However, the absorption edge of In2O3 is 
insufficient for the transparency of emission 
light from GaN-based devices (365nm, 3.4 eV). 

Ga-In-O transparent electrode  GaN-based MOS LEDs (365nm) 

III oxides is attractive for the application to UV transmission electrodes. 

In2O3 and Ga2O3 alloy 
system (Ga-In-O) 

We adopted Ga-In-O films for the electrodes in GaN-based LEDs. 

9 

I-V characteristics of GaN-based MIS diodes 

: 
EQE ~ 0.1% 

FP
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12 

Fabrication conditions by MPM  

Measurements 

X-ray diffraction (XRD)  
Transparent spectra 
 XPS 

   (X-ray photoelectron spectroscopy : JPS-9100)  
Hall effect measurement 

EDTA:  
ethylenediamine-

-tetraacetic 
acid 

Substrates : (0001) Sapphire 
Spin-coated :  
1st  step [500 rpm  5 s] 
2nd step [2000 rpm  30 s] 

Film formation 
Dry process : 70  10min 
Pyrolysis process in Air : 
430 ~ 800   
45min  

H[In(edta)(H2O)] 

11 

Fabrication of Ga-In-O films by MPM  

Thin films 

Metal complex 

Precursor solution 

In-edta Ga-edta 
Ethanol  
Dibuthylamin
e 

Ethanol  
Dibuthylamin
e 

Ga-In-O  
thin films 

In2O3 
precursor 

Ga2O3 
thin films 

Ga2O3 
precursor 

Ga2O3
 Ga-In-O 

+ + 

The mixture of ethanol and dibuthylamine were used as a solution for the fabrication. 

spin-coated onto the (0001)sapphire substrates and annealed  

Ga-In-O 
precursor 
(In  = 50 mol%) 
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14 

Transparent spectra 

The results show the high 
transparent characteristics 
of all samples in the 
spectral regions from near 
UV to visible. 

 
The absorption edges of GIO 
films shifted towards the 
lower energy side than 
those of -Ga2O3. 

This is due to the small band gap energy of In2O3 comparing with 
that of Ga2O3. (alloy behavior) 

13 

X-ray diffraction patterns (XRD) 

The XRD patterns of samples 
indicate the films were polycrystalline. 

 As increasing the pyrolysis 
temperature, the crystalline structure 
was changed from amorphous to 
polycrystalline (Ga, In)2O3. 

The composition ratio measurement 
by XPS indicate that In was contained 
approximately 50% (1:1 molar fraction). 
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16 

GIO on GaN-based LEDs 

 

Au (30 nm) 

GIO (50 nm) 

Al (100 nm) 

Au 

AlOx (15 nm) 

100-   

GaN-based MOS LEDs with Ga-In-O (GIO) transparent electrodes 

cleaved 

approx. 1 mm 

EL photo 

Backside contact was applied for the ohmic electrode. 
The GIO layer was fabricated by MPM*(for a top-side electrode). 
Electroluminescence (EL) was observed. The color is white due to 
deep level emission. The UV light will be include in it (invisible). 

* M. Sato , J. Mater. Chem. 6, 1767 (1996).  

15 

Electrical properties 

Films Thickness 
 (nm) 

Resistivity 
  

Carrier 
concentration 

(cm-3) 

Mobility 
(cm2/V·s) 

GIO 800  60 0.32 2.6x1018 7.5 
GIO 620  60 0.21 3.5x1018 8.4 
GIO 430  70 Over 106 - - 

Electrical properties and their thickness 

Resistivity Carrier concentration 
Resistivity of amorphous 

films is over 106 cm. 
That of polycrystalline films 

is Approximately 10-1  

Polycrystalline films case, 
it was under 1019 cm3. 
 This is lower than another 

GIO films fabricated by a 
sputtering technique. 

These results indicate that the GIO films will be able to 
use as TCOs. 
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18 

Light extraction  from  GaN LEDs 

 

Electroluminescence of GaN-based 
MOSLEDs w/o GIO 

Light extraction efficiency 
was increased. 

Self absorption in GaN was 
decreased. 

GIO acts as a transparent 
electrode. 

17 

Characteristics of  GaN LEDs with GIO 

 

I-V characteristics of GaN-based MOS LEDs w/o GIO 

Improvement of 
leakage current 

Reduction of Ron 
( I/V slope ~ 1/Ron) 

LEDs with GIO shows good electrical properties. 

－ 273 －



20 

Thank you very much for your kind attentions! 

This work was supported by ECEC program in Kogakuin 
University, KAKENHI and JST-ALCA project. 

19 

Summary 

Ga-In-O (In 50%) films were fabricated by molecular 
precursor method (MPM).  

Their transparency over 80 % was obtained in 370 nm 
spectral band (GaN band emission range). 

Their resistivity around 10-1  
More low resistivity will be required for the -display. 

GaN-based MIS LEDs were fabricated. FP reduced the 
reverse-vias leakage current, which lead to EQE 
improvement.  
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Lord Rayleigh, Phil. Mag., 14, 184, 1882 

J. Fernandez de la Mora, I. G. Loscertales, J. Fluid Mech., 206, 155, 1994 
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12 

 

 

3) S. Baba, S. Kobayashi, Y. Maekubo and T. Sakamoto, The 11th International Symposium 
on Advanced Technology, (P-C34-I). 
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Aurivillius Bi2VO5.5  
V Bi2V1-xMExO5.5 (ME= Cr Mo W , x=0 0.05 0.1
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Fig. 1 Crystal structure of Na5RSi4O12. 
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RO6  octahedron 
R=Rare earth  

Na bonding 84.4% 
Na mobility 15.6% 

SiO4 tetrahedron 

R = La , Nd , Sm , Eu 
      Gd , Dy , Y , Er , Yb  

RO6 octahedron 

X = B , Al , P , Ti , V 
      Ga , Mo , In , Te 

XO4 tetrahedron 

N5N5

11 

N5

Na FeSi O

333333333333333333333333333 

N5

N5N5

222222222222222222222222222 

Li , K N5  Li K N5

3 
Na5FeSi4O12125

Li K N5

FeSi

K

4
OeSi4O4

K

333333333333333 

Na  Li , K 

Introduction 
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Fig. 10 Lattice constants of NaY(B,Al,Ga)Si and NaYRPSi glass-ceramics. 
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Fig. 12  Conductivity at 300 C of NaY(B,Al,Ga)Si and NaYRPSi glass-ceramics. 
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Fig. 16 Conductivity of glass-ceramics. (left : Li substituted, right : K substituted) 

Fig. 17 Activation energy of conductivity. (left : Li substituted, right : K substituted) 
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Fig. 15  Conductivity at 300 C of Na5+ FeB Si4- O12 glass-ceramics crystallized at 700 C for 5h. 
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Summary 
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(Invited Review) Toshinori Okura, Naoya Yoshida, Kimihiro Yamashita, Na+ 
superionic conducting silicophosphate  Review, Solid State Ionics, In Press, 
Available online 8 September 2015 

Fig. 19 Activation energy of conductivity. 

Fig. 18 Lattice parameters of glass-ceramics. 

Fig. 20 Partial crystal structure of N5-type. 
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La0.5Sr0.5CoO3- SrTiO3 LaCrO3 
Co-precipitation method 
La(CH3COO)3 3/2H2O, Sr(CH3COO)2
1/2H2O, (CH3 COO)Co 4H2O, 
Cr(CH3COO)3 nH2O  
SrTiO3 (Kyoritsu Materials Co.)  
Precipitator: (NH4)2 C2O4 

Solid-state reaction at 1200  
XRD, BET surface area,  
current interruption method 

La1- Sr Co1- Ti O3-  (LSCT1-   1-  ) aaa11 SSS- CoCo11C 1-- O333-OOOO - SC(( ))))))
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Fig. 8   Peak shift by solid-state reaction 
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Mean particle size calculated from 
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Ag powder addition 
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ASR for La0.5Sr0.5Co1- Cr O3-   
( =0 0.3) 
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Ion beam
mixing system

 Ti , Cu 
[nm/s] 0.3 
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PBC

PCB Ti Cu
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Creation of Electrical and Electronic Eco-material Board 
by Film Formation Technology
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( Poly Lactic Acid : PLA )

m = 170 oC
= 50 60
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Fig. Fig. 
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Fig. PBS (PLA:PBS 60:40)
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Mixing ratio 
(PLA/PBS)

Tensile impact strength, 
E/(kJ/m2)
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Fig. 
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Fig. Cu

Cu AFM
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Table Features of buffer
pH

6.7 7.7
pH

Tris-HCl 7.8 8.8

PBC

60 
0.05 M / L

pH 7.0

Table Conditions of hydrolysis test.

60 
0.05 M / L

pH 7.0
Proteinase K 50 g / ml

Table Conditions of enzyme resolution test.

PLA Ar 5 keV Ti 

0 hr 24 hr(Non shield)

Surface 
of PLA

Fig.  TOC measurement in    
enzymatic decomposition..
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6 CO2

Fig. Carbon dioxide emissions by enzymatic 
degradation
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PBC
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Fig. After decomposition surface by the test environment solution of PLA
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TEM HT7700, Acceleration voltage 120kV 
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CCD ECEC
(2012 ) 

ECEC
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