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

() A

(TR, EE - HBEREEHM)

Mitsunobu Sato, (Division of Liberal Arts, Kogakuin University)

Abstract

The transparently dry-type solar cells having 20 X 20 mm? area by combination of several
mrtype titania thin films with a p-type Cuz20 thin film were fabricated by the molecular precursor
method which is one of the wet processes for thin film formation of metal oxides. The structure of
the solar cell was FTO electrode/n-TiO2/p-Cuz20/conductive polymer/Ag on a glass substrate.
When the visible-light responsive TiOz2 was used, the solar cell provided the power conversion
efficiency (1) of 7 x 10~ %, fill factor (#F) of 0.32, short-circuit current density (Jsc) of 3.1 X105 A
cm=2, and open- circuit voltage (Voc) of 0.070 V, although those values were 8 x 10%% (1), 0.26
(FF), 3.5 x 108 A cm™2 (Jsc), and 0.025 V (Voc) respectively in the case of usual TiOz thin film
which can respond to only ultraviolet light. Thus, it was elucidated that the present molecular
precursor method has a possibility to useful for the facile fabrication of the Vis-responsive dry

solar-cell on large-area substrates.

F—U— N EAKGEL, SRER(Y, &K SF7vi—V—ik

(keywords: dry-type solar cells, metal oxides, thin films, molecular precursor method)

1. Introduction

In view of the severe future ecological impacts
of energy production by combustion of fossil
fuels, solar energy is seriously considered as an
alternative. However, the development of new
solar energy converters with improved
performance and lower cost requires new
approaches focused on the use of cheap and
non-toxic materials prepared via low energy
processes such a wet process.

Cuprous oxide, a semiconductor with a direct
energy gap of 2.0 eV, is a low cost and non-toxic
oxide material that has long attracted much
interest for application as an active layer in
solar cells®. The theoretical limit of the energy
conversion efficiency with using the material for
solar cell is as high as 20% under 1 sun solar
illumination. Therefore, there are many reports
on solar cell with using the Cu20. Recently, a
high efficiency of 3.83% has been attained in a
p-i-n heterojunction solar cell, Cuz0/non-doped
7Zn0O (ZO)/Al-doped ZnO (AZO) structure that
was fabricated by the thermal oxidization for
Cu20 and pulsed laser deposition for ZO, and
AZO®@, Sugiyama et al. reported on metal oxide

semiconductor solar cell with having p-n
junction formed by NiO and ZnO. This cell was
fabricated using RF reactive sputtering method
which is a dry method. An I-V graph was
obtained with conversion efficiency of 1 X 10-7%
under AMI1.5 irradiation3. Thus, many
researchers have tried to fabricate the metal
oxide solar cell wusing mainly physical
process@-4,  However, processing
techniques are not economically suitable for the
fabrication of large-area solar cell.
Solution-based processes have,
attracted much attention due to
cost-effective production capabilities.
We proposed the molecular precursor method
(MPM) which is one of wet processes for thin
film formation of metal oxides. The method is
based on the formation of excellent precursor
films involving anionic metal complexes and
alkylammonium cation. The stability,
homogeneity, miscibility, and other
characteristics of the precursor solutions, which
are applicable to various coating methods, are
practical advantages, as compared with the
conventional sol-gel method®. 6,
We recently attained the

physical

therefore,
their

fabrication of



Vis-responsive anatase film with enhanced
UV-sensitivity by the MPM®), The
layer-structured anatase films were formed by
using the coating including the
alkylammonium salts of anionic Ti complexes of
EDTA and OX ligands in an Ar gas flow, where

solutions

EDTA and OX represent ethylenediamine-
N,N,N’, N*tetraacetic acid and oxalic acid,
respectively. During heat-treatment of the

precursor films in the Ar gas flow, transparent
anatase thin films with enhanced UV-sensitivity
were fabricated. Moreover, the film can work as a
Vis-responsive titania thin film by the presence of
colored materials formed at the
between layers.

The purpose of the present work was to prepare
metal oxide semiconductor solar cells of the
n-TiOz and p-Cu20 heterostructure fabricated
by using a wet process, and to investigate the
photovoltaic property of the resultant cells.
Furthermore, in order to increase the efficiency
of the solar cell, a
anatase/cuprous oxide multilayer thin film on
FTO as a glass substrate was fabricated using
the MPM.

interfaces

Vis-responsive

2. Experimental

2-1 Preparation of precursor solution Skp
involving Ti4* complex of EDTA and Sox
involving Ti4* complex of oxalic acid

Each precursor solution (Sep or Sox) containing
a Ti4* complex of EDTA or oxalic acid were
obtained respectively by the methods in the
previous report(”. Dibutylamine was used for
dissolving the complex anion into ethanol and
preventing from recrystallization of the complex
in the coating solution.

2-2 Preparation of precursor solution Scu
involving Cu2* complex of EDTA

An ethanol solution containing
dibutylammonium salt of a cupric complex of
EDTA ligand was prepared®. The stable
solution was facilely prepared.

2-3 Coating and heat-treating procedures and
film thickness

Anatase thin films were formed by heat-treating
the precursor films spin-coated on a fluorinated
tin oxide (FTO) glass substrate whose roughness

is 0.3-0.4 um with applying the solutions.
Spin-coating method at ambient temperature
was used for forming precursor films with a
double step mode: first at 500 rpm—5 sec and
next at 2000 rpm-30 sec in all case. The
precursor films were pre-heated in drying oven
at 70°C for 10 min and then heat-treated.

In every case, the 400 nm-thick anatase thin
films fabricated by heat-treating the precursor
films formed with the Sep solution in air was
used as the under-layer.

On the layer, for forming the anatase thin films
without Vis-responsive interface, the 100
nm-thick anatase thin film was fabricated by
heat-treating the precursor films formed with
the Sox solution in an Ar gas flow.

In order to fabricate the Vis-responsive anatase
films, both of the Sep and Sox solutions were
alternatively coated as indicated in our recent
report. In this present study, the Vis-responsive
anatase thin films with 1, 2, 4 and 8 interface/s
having totally 100 nm-thick were fabricated.
The concentration of the solutions and heating
time was controlled for fabrication of
Vis-responsive anatase thin films with 1, 2, 4
and 8 Thus, the total energy
consumption among them was kept constant for
forming the Vis-responsive anatase layer.

The 50 nm-thick copper oxide thin films were
fabricated on the anatase thin film by
heat-treating of the spin-coated precursor films
formed with the Scu solution, in an Ar gas flow.
On the Cuz0 layer, conductive polymer and Ag
electrode was attached by a chemical process.
The cell structure of the ED-OX thin film is
illustrated in Fig. 1.

interfaces.

Conductive

100$

400

Vis-responsive

FTO

Fig. 1 Schematic structure of the ED-OX thin
film.



The four solar cells having Vis-responsive
anatase layer with 1, 2, 4, 8 interfaces represent

ED-OX, 2(ED-OX), 4(ED-0X), 8(ED-0X),
respectively. The solar cell without
Vis-responsive interface, OX-OX, was also

fabricated as a reference. The notation of the
fabricated solar cells is summarized in Table 1.

Table 1 The film thickness of the solar cells
having Vis-responsive anatase layer.

Vis-responsive anatase

Cu20

Film ED OX Layer Interface Total
Nm nm nm nm
ED-OX 50 50 2 1
2(ED-0X) 25 25 4 2
12,  12.
4(ED-0X) 8 4 100 50
5 5
6.2 6.2
8(ED-0OX) 16 8
5 5

Film thickness of the film was measured by a
stylus profilometer, DEKTAK-3 (Sloan). The film
thickness of ED or OX under 25 nm was
calculated by the concentration of the precursor
solution.

2-4 Structural characterization of the thin films
The crystal phase of the thin films was
examined by using an X-ray diffractometer,
MXP-18AHF22 (Bruker AXS), with Cu-Ka rays
generated by 45 kV and 300 mA. XRD patterns
were measured in the range of 20 from 10 to 80°
with each 0.05° step for fixed 2 sec. Parallel
beam optics with an incident angle of 0.3° was
employed in each measurement.

2-5 Optical characterization of the thin films
Their absorption and transmittance spectra
were measured from 200 to 1100 nm (Hitachi,
U-2800).

2-6 Electrical property of the thin films

The current density-voltage characteristics
(Keithley, Keithley 2400) of the solar cells were
measured both in the dark and under
illumination at 100 mW/cm?2 by using an AM 1.5
solar simulator (Asahi spectra, HAL-320) in air
atmosphere at room temperature. The solar
cells were illuminated through the side of the

FTO substrate, and the illuminated area was 1
cm?2,

3 Results & Discussion

3-1 Crystal structure of the multi-layer solar
cells

Three coating solutions of two kinds of TiO2 and
Cu20 precursor films were facilely prepared.
Each precursor solution can be spin-coated on
the substrate and the under-layer oxide films
with excellent coatability. Highly transparent
films were fabricated by heat-treating the
precursor films by applying the solutions.

The XRD patterns of the resultant films are
shown in Fig. 2. They can be assigned to
anatase (JCPDS card No. 21-1272), Cu20
(JCPDS card No. 05-0667), and silver (JCPDS
card No. 03-0921), respectively.

The peak intensity of anatase (101), which is
observed at 25.6°, became weak by increasing
the number of the Vis-responsive interface. The
crystallized Cu20 thin films obtained by heat
treatment of the precursor films on several
glass substrates at 450°C for 10 min in Ar gas at
a flow rate of 1.0 L min-! can be clearly
confirmed by X-ray diffraction. However, in this
present case, the peaks assignable to the Cu20
phase are too weak due to the extremely low
crystallinity of the Cu20 thin films formed at
450°C for 10 min in the identical atmospheric
conditions during heat treatment, as shown in
Fig. 2.

o
X, A o
—— Y Al 3Ep-0x)
j\‘ AN 4(ED-0X)
2(ED-0X)

— Intensity/a.u.—

20 25 30 35 40 45
—20(Cu-Ko)/degree—>
Fig. 2 XRD pattern of the multilayer thin films.
The notations indicate as follows; V:
Anatase, m: Cu20, o: Ag, ot Cu.



Thus, the crystallized Cuz20 phase on the titania
thin films appeared by heat-treating the
precursor film at 450°C at least for 15 min in
the Ar gas flow.

3-2 Optical properties of the multi-layer solar
cells

The transmittance spectra of the thin films are
shown in Fig. 3. The absorption intensities in
the visible region of the thin films with
Vis-responsive interface are higher than that of
the Vis-irrespective OX-OX.

70

80 ' oxox
\

S0 2(ED-OX)

\ 4(ED-OX)

> /\\E ;

ED-OX\ 8(ED-OX)

40 t

30

20 -

Transmittance (%)

10

i
|

0

200 400 600 800 1000
Wavelength/nm
Fig. 3: The transmittance spectra of the thin
films.
That is a significantevidence that the

visible-responsive interface is related tothe

absorption of the visible light.

3-3 Electrical property of the multi-layer solar
cells

The photovoltaic properties of the thin films
were evaluated using a solar simulator. The
photocurrent was observed under illumination.
The results are in Fig. 4. The
short-circuit photocurrent, open-circuit voltage,
and conversion efficiency were found to be 3.5,
7.0, 35, 37, 31 pA and 25, 49, 11, 37, 70 mV and
0.8, 0.9, 1.1, 3.6, 7.0 x 104 % for the five
different thin films, OX-OX, OX-ED, 2(0OX-ED),
4(0OX-ED), 8(OX-ED), respectively. Thus, the
conversion efficiency is significantly increased
by the number of Vis-responsive interface.

shown

10

50
45

Current density (nA/cm?)

0 0.02 0.04 0.06 0.08
Voltage/V

Fig. 4: Photovoltaic output of the cell under 1
SUN condition. The lines indicate as follow;
0X-0X; ——, OX-ED; = - - =, 2(0X-ED); = -
=, 4(OX-ED) == == ==, 8(OX-ED) =,

The energy conversion efficiency of this
Vis-response anatase multilayer solar cell was
ca. 10 times higher, as compared to that
without Vis-responsive anatase layer. Therefore,
it was indicated that the Vis-responsive layer
improves both current and voltage of this type
of solar cell. Very recently, A. R. Zainun and
co-workers reported that the solar cell with
using the Cu20/TiO2 composite fabricated by
electrochemical deposition®. The energy
conversion  efficiency of this present
Vis-response anatase multilayer solar cell was
ca. 1.4 times higher, as compared to that of
their solar cell.

However, the conversion efficiency is still
insufficient for practical use. The defects
induced by mismatch between the lattice
parameters at the hetero junction may be owing
to the low efficiency. Further improvement of
the conversion efficiency is therefore expected
to be possible by eliminating lattice mismatch
defect, which act as recombination centers, and
reducing the resistance of these films. Moreover,
the leakage current is related to shunt
(parallel) resistance(’®. In the case of this
present cell, the FF is also low, because the
leakage current may be caused by the
roughness of the FTO and polymer electrode.



4. Conclusion

It was elucidated that the present molecular
precursor method, a chemical wet process, is
useful to fabricate the Vis-responsive dry
solar-cell. This is the first report on the
dry-type solar cell fabrication with using the
spin-coating method, although the conversion
efficiency should be improved. To improve the
efficiency in Cu20-based solar cells, it may be
necessary to form an intrinsic layer by inserting
between n and p type semiconductor layers.

In addition with this present work, for utilizing
the metal-oxide-thin-film solar cell, we are also
examining the possibility of electricity storage
by direct combination with a battery.

The lithium ion battery (LIB) is one of the most
popular types of rechargeable battery. We are
successfully for fabrication of thin film LIB on
the FTO glass substrate). A cathode of
transparent LisFes(PO4)s thin film with a
thickness of 80 nm was fabricated by heat
treating a precursor ethanol solution including
a Li(I) complex of nitrilotriacetic acid, an Fe(III)
complex of EDTA, and
(dibutylammonium)2H2P2070.5H20 at 550°C
for 10 min in air. An anode of transparent
LisTi5012 thin film with a thickness of 90 nm
was fabricated by heat treating a precursor
ethanol solution including a Li(I) complex of
nitrilotriacetic acid, a Ti(IV) complex of the
identical organic ligand, and hydrogen peroxide
at 550°C for 30 min in air. The precursor films
for both electrodes were fabricated with a
spin-coating method. The rechargeable function
of the assembled sandwich-type battery using
an electrolytic solution containing LiPFs was
measured by the repeated charge and discharge
test at a constant current of 10 pA; a maximum
voltage of 3.6 V was recorded. Thus, if the
presence solar cell combines with this LIB, the
charge might be occurred by the vis-light.

6. References

(1) J. F. Pierson, A. Thobor-Keck, A. Billard:
“Cuprite, paramelaconite and tenorite films
deposited by reactive magnetron sputtering”,
Appl. Surf. Sci., 210, 359-367 (2003)

(2) T. Minami, Y. Nishi, T. Miyata, J. Nomoto:
“High-Efficiency Oxide Solar Cells with

11

Zn0/Cu20 Heterojunction Fabricated on
Thermally Oxidized Cu20 Sheets”, Appl. Phys.
Exp., 4, 062301-062304 (2011)

(8) M. Sugiyama: “Material design for third

generation solar cells” proceeding SMDF-2,

26-29 (2010)

R. K. Gupta, K. Ghosh, P. K. Kahol:

“Fabrication and characterization of NiO/ZnO

p—n junctions by pulsed laser deposition”,

Physica E, 41, 617-620 (2009)

H. Nagai, M. Sato: “Heat Treatment in

Molecular Precursor Method for Fabricating

Metal Oxide Thin Films”, Heat Treatment

-Conventional and Novel Applications-,

InTech, Croatia, 1, ch. 13, 297-322 (2012)

M. Sato, H. Hara, T. Nishide, Y. Sawada: “A

water-resistant precursor in a wet process for

TiOg2 thin film formation”, J. Mater. Chem., 58,

1767-1770 (1996)

H. Nagai, C. Mochizuki, H. Hara, I. Takano,

M. Sato: “Enhanced UV-sensitivity of

vis-responsive anatase thin films fabricated

by using precursor solutions involving Ti

complexes”, Sol. Energy Mater. Sol.,, 92,

1136-1144 (2008)

H. Nagai, T. Suzuki, C. Mochizuki, H. Hara, 1.

Takano, T. Honda, M. Sato: ”“Chemical

fabrication of p-type CuzO transparent thin

film wusing molecular precursor method”,

Mater. Chem. Phys., 137, 252-257 (2012)

(9) J. A. Ellis, P. A. Barnes: “Current—voltage

characteristics of a GaAs Schottky diode

accounting for leakage paths”, Appl. Phys.

Lett., 76, 123-125 (2000)

A. R. Zainun, T. Sakamoto, U. M. Noor,

M. Rusop, M. Ichimura: "New approach for

generating Cu20/TiO2 composite films for

solar cell applications", Mater. Lett., 66,

254-256 (2012)

(11) H. Nagai, H. Hara, M. Enomoto, C.
Mochizuki, T. Honda, I. Takano, M. Sato:
“Synchronous Electrochromism of Lithium
TIon Battery with Chemically Fabricated
Transparent Thin Films”, Funct. Mater. Lett.,
6, 1341001-1341008 (2013)

4

6))

(6

(7

®

(10)






1-2

Z LTV T DRMEHE W TSR m SR IO R T D EHL()

- GaN RERLHRIFOLFE T O RERF -

TERERFELFEHERBRELER KB
Fabrication of GaN-based integrated light-emitting diodes operating in a UV spectral region

Tohru Honda
Faculty of Engineering, Department of Information and Communication 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. [ZL®HIZ

-1 AMRDEREBH

ZH U U A(GaN)B L OV DIRE R EHE,
NETICER - HEFE LS A 4 — FLED)B L U'H
B ERLAREIR A~ OIS A SRR S 4L, B LB
ENTEE[1]. LED OfFHEO—DIZER - KT x
NE—BWMHEORmINETOND. &2 THFE
M- REEEE - HEENOBAENDHERENRET + X
7L A THD LED BIFEZRANZT T > b - /3%
JveF 4 AT LA (FPD)RAE B ED HiL TV 5. LED
HEJES Mﬂ:i@k%<2ﬁﬁt%ﬁ%ﬂé.%
BEFERICESHASN TS A EL) & FEE
5, B % F\ 7z LED(O-LED) [2] & GaN %4t
BRI 5 B % Az LED ThdH. GaN
% LED % i\ 7= FDP I%, BRSSO KEwEES
FDP IZREEIND, KBEXICETRWEEZF S
HRET 4 AT VA A STV A[3].

Pk, EEEFD L I/MEBBREERICE LTS
BAME I 2 5 5 miEE - {KIH& FDP(Z Z Tl
uFPD E#9%. YOREMNERIND. £I T,
GaN 5% LED % i\ /= uFDP EH 2D IF 2 &L
- BIAEERIMER L LC D GaN & LED Z /-
INRLT ¢ AT LA BUEDSBRE STV 5 3 [4], FDP
e A NEEZDHE, 1HZEHZY OHEMmZE
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BICIMZ D MNERDD. b T U VAT P RBEER
EIRLSDICEBTAZLICEY P PRZ 1O
SV OBEMPBEIMICIET Lzt 2E2 5 L,
LED (Z2W T HEFMEL ) FDP BUEIC M E R EHRH
Wb EZAD. 2T, GaN % LED £k
KT HEREMOERRFTEZITO L & L.

1-2. HEELLED ~DEHE

GaN REMELLED D up 7 4 A7 bV A ~DJSH%
EzDHEX, Rk FRGBEZEDORIEFENE
ARREHE LTEETHD. RGB TNENEIR
B, f, F LED Z AW TERT LTI
HoRLD IFEHED LED #ER(LT5Z &i2keb,
a2 hOBEOGRIEE 2. £ 2T, s
LED 071k & %= ® LED %Y Z i & L 7= RGB
WYEERFE, b L IEEF® LED & RG #EAE%E A
WEZEORELZREL TWVWH[S]. AFETIE
LED £/ 1 BHICBOND =8, BiEa X |
DEPLERTH D, 728 - AR E RO E
&, BV R —ERGRPHFINDS[6]. &
T, AT T O RSN EFRE(L LED X, ©F 4
777 47T ULA(VGA)HRK TE 2 5 &
600x480x3, OF ¥ 864,000 HOEMBILNER SN
L. 2k, 44T T A AT VA BYELBET D
&9 50um EEOFEFEMLICHE Y3 5. 1000cd/m’
DFEEE 2 BT 5 & R EHRE TH 5000mW/m® D3



{a; ST-LED

sapphire

by UV light emission chserved from
substrate and surface side

Surface side
Light spot
Substrate side

X 1

(a) ST-LED #:&X (b) FAOHEAK.

HAONERIND. 1EEHZY OFHH I 1.25
uW E720, 1/60 D7 L— AR EZE 2 5 LB
75uW OHAMRERIND. Tk, GaN 52 LED
DA E LT, BEATHY, EHATICBY
HEFMLE VD ZHE TR VR EMANER
Shb.
2OFEEAETNDEZFITLD L[T], BALIK
BH-0 OFFAEE Rlem™s)i%, ERLHEZES
EEZIRDVEE,

R=Bnp €))

ZZT, Bl 2 FHEBERETHY, GaN ®
BAICE, 2x10"° em’s! EMEShTWS. F7,
nBLOplE, BABICBIT BEEAEFBIVE
LEECEm™)THD. 50um® DELE, FHLBEZ 0.1
pm Z BT LHRTVIA R EEZ5.

W=nE, RV

photon (2)

ZIT, WIEHEFLLOIHIW), n & ETFHE,
Ephoton & Yo F DRV F—(]), V %38 FHE (cm?)
Thd. ZOHE, BFHE20%ETDHE, K 4x10°
em” OEFLEE RN EA(BRIE 160pA)Sh 5 = &
WZE D 100 wW OHHANRERINS. 12721, &
FEADZEIIX, 2O XY ) THEMI—E LR
HIRWERNRH YD, BR—TEE R LR,
FTERWEATEBRTE 0089 MOV Ttk
FNRBETHD. LPLERD, a v hx—i#EE
DEIRFXYIVTDO M FLVEATHLEBRTXS
AREMER B 5 .

— I, Fx¥ U TEADKS 7 pn AN LED
BUYEIZIZHAVWOND. ZOHEL, e RREHERE

-
— —
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EBENRERIND. —FlEE T g, BFE GaN %
LED i[ZfffH ST\ 5 GalnN EFHFRNICEL D
JEBBEBRICLAHENAEBHERIET TH L. fFROF
EELTHERICEVETHFZ2EATAIZ NS
265, EETHPEER, HEEREERT
5720, BFEONTEH(Z v A2 b—2)bERLIC
IR E D, ZORERE LTHIEFICHEONRLE
ZFRIA LB R E N A TH S,
HEABEEDH T, BREEEZFLE LIEHE
FTVA U OEERBERERD. BUE, Y7747
EWAEFLE LT GaN R LED BRERTHDHD, 7
J—RBLON Y — FERITIFRERICEK SN D (HE
BItERE). ERLEEXH5E101%, 2EBWMMPEKE
TR S D R B RIEAEE RN ERCTH 5. K
WEEB OO, EEMERFERN—2DFHEK
ThaHN, BE, GaN EMKI L OV 4H-SIC EMRIZAR
FIND GaN R EI ORGSR (2 U 72 EE MR
WA NEBIDETAATLVAIZEH T
ClXa R NICREER DD, 2T, EBRD X O
HEMEEPAETIERLLLIET L — LRI
GaN REBEOFEREBEEFER G LIE, V7 b7
TavANRRKRDOLND.
ZOXORBEPL) n B GaN KT g v hFx—
RIRENFRFIZ L DR —/VEANICET 5 REME OB
7, () BIEKKEEGEEYF T 5 REBOREMBR
BIXOEEY LD 0RESNEREMOBE,
() &REER E~D GaN FEfRE O TREM MG &
BEtTasz iz L.

2. Yav bF-RREARFREOERRE

va vy bF—BFEN X A A — F(Schottky-type
light-emitting diode, ST-LED)##i& X, Pankove &% D
TN—FIZ X > CTHEMBIICHFZE S TE 7ML, 8,
9], TN B, EMEERNEZBELIHETHY,
BRI EZEZEL LR o7272%, pn #E71]
WHFRIZ> 7 P LCWo 7z, GaN RENZEFOE
OB E D ST-LED BNEWEH =0l
Stekl & D7 38 N —7 GaN RERRFEIEFEF[10]
DEENLTHDEEZD. Foxr DERETIL, HFH
BEETIC LD A R v A FFAE—Ta v
[M]ZFBALEREEFRXNTHY, KD GaN %
MOS ! LED[8]TiX, {KIR(77K) CEMERERR SN T
WAHLNAVTHhHoln, BRIZBWTZ LY oy
IAXYEURAEBLEHRTE D L5220 72[11).
Yay MRS ERAL, ¥HmEEZFIH
TH5E, ¥hmY — 7 BROKEIX, EFOEF
BhERm LIZHEF IR TH D EEZD. BICER
/GaN B a v M —H#ESICB T2 5mY) — 27 &
ARR[12]1X, EBFT A A~DISAPLATHE
TR IRERCTHD.



AHETIE, GaN v a v hXF—B L UO&R - Bt
Y« EAMOS)EAIZ BT 2 Y — 7 BRI
BHIETHD TAl 7=A Ay 71k REL,
ZDOMBIZOWTHET D, £, KEFTEZ GaN
& ST-LED IZEA L7 fER, BIENEOHEN A D
NizfERICOVWTHHET 5.

vayv b—EBABIUORTFREFERALE
Aly;GagoN B XL O GaN #EEIL, - x v
¥ VEBIEMBENC & o TH 7 7 4 7 Efk Bl
EL72HDTH H[13]. Ga BEL Al &JE ¥ L OVRF
FUNNERFEFER L. JEIZIE AIN Ny 7
FEEZFEHAL, FEX MlumTHDH. Si F—7
nHOBETHY, v U TEET 1x10%em® TH
5.

CTOHEBEAFERALTCYas y P—#ABIV
ST-LED 08217 -7=. £7, GaN EEHD KE
oA —I v 7B ME LT AVAU 2RE L. =
DEE, A7V —HIREB LY 7 b4 7iE[14]
IZE > CTHEZ Imm OB EFAL L. WIZED N
WZvay bXF—BME L TAuZEZ 300 pm O F
v MRICTERL LT-. 1(a)iz ST-LED O#&&M %
&%, ¥72, ST'LED O4& 8 - FEERmIcib
Al (Al0y ZHAT5Z L2k MOS-LED »#d
ExITo7-. EELZ Al ZK&EF, 450CIZHBW
T 30 7 =—T5Z LIk vEg(k Al ORYE
EiTo7=.

AEl, BETD Al 7oA ARy 71X, &
Sl & —E, BHF ZFIH L CE(LfE % I8t L
Tyay hX—BWMEFKT S HETHS. MOS
REERUERICIE, SBICEDE, Al 2FEE, B
Rt s, BBLBOBREIToT.

X #IEF o5 tiE XPS: X-ray photoelectron
spectroscopy) IZX W KRKFTHT =— L& IZ
ALOs[15]D v — 7 R Liz. Z DL & Dfg{k Al
DOIEE X 20nm, 7 =— VAT CTHEIIEIX 13nQ H
5 1.2KQIZBfk L. ZoFuwA&HAELT
MOS-LED O#UER{T-7-. ZDLx, =ELE
DREFER TOREZIT- 7. K 1DIRTERE T
ELBIE&1To 7o, WA T A, 7L A (-26V, /3
JVATNE 25ms) ZEINIT A Z & CHREFEHEEH I
7. .

212 AlGaN MOS-LED D =R 2B 5 Bt EIE
BEART. Al 7oA ANy 7 & fiTZ LI LD,
WHmEm Y — 7 EBHRA 1/10 BEZEDLTWD Z L
BDbNnb. Aw/GaN ¥ 3 v FxF—8EEDOHE b R
MEMABRI S N7-. MBE B X U'MOVPE i L
7- GaN EEAFHALZY 3 v hX—EA& THRER
Wi ) — 7 B OB S

Al 7 = A Ay ZABIZ X AWM Y — 7 B
DR OFE R, GaN #E % HV 72 MOS-LED @ EL
ZENIRENTRIBANICHE L. Al 7oA ANV T
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101
— BHF
NE 102 Facepacked
(3 0—
<
2
s 10-3
[}
©
+ = 300um
o 104}

s ool
O AU/AIO/Al,,Ga, N
10'5 1 1 L 1 L
30 20 -10 0 10 20 30
Voltage (V)

2 AlGaN % iV /= MOS-LED D =iRIZBIT 2 ER
EERE.

AR DAFEEICKT D EL A7 MLOELEK 3 I
JRY. GaN #fE% FHV 72 MOS-LED IZBW\WTH 7
A ARy JABEIZ LD Y — 7 BIROKE &
RO ME LRI ST,

GaN B FICER LY a v hF—#E0Ms
MU — 7 BROER S EL, WSO EEI LT
LN, REL ST, (OFREREDD LITRE
HECFEET DBBEOREICLY, REBICHFET
Y — 7 RADER[12], BLOQ)FREHEIZ LD
EREN(TDIWCER T2 Y — 7 NRICEETDHH
EANCH T oD, SEIAWC Al 7= A A%y
7¥EE, BEZEFICBIT S ALICLDREMBEOT >~
ZY T EROWEFERINC T et R ERFEOR
BERF L CERZBM L7, XPS HIE DR E,
REDOFEERERE L, BHF X 5B{LWBRER
CHELTEWZ ERbhotz. —F, RED Al
FEARIE, BT L Tz, GaN BRICOW T,
OIEDRNLH Al PREICFET D Z ENEH S
Niz. L Laens, REMIOERREIL, KX
REITH BN -T2, T b ORERIL, FHEfM
D& B IBRIZ2E 2BV T Al DR HE 2,
KES LIE, e okPIcTRBRILLZEEZD
5. BEEBMICLHAERY — 7 3R, &RiEE
BN B A AFM REHZ LV BEL, Bk
BHBHZEIWCED, V= RRIEBEETDHENTE
HEDHRENDBH[15]. AEAToT Al 7 = A AN
v 7T, Al ZREFPTT=—LT 58I, B
WERNZ_EERD Ga & Al AL TWAH Z LT
Hahs., A&t LizEa1X, Al &g L CER1k
WENIEFITENZ D, Al BRIz &
X2, BEREEVE EOSBREeITBm I TICR
FIZFEY , TDOHO KR & OB L OKP TOHE
B RCLY, Blbahd. fR, BBEAIC
LBV =7 RRACBAZ L DENESND 2D, i



2000

FP (25V, B3mA)
s BHF (18Y, 87 5mA) RT

@
= 1500 |-
>0
o
S
9, 1000 |
2
‘B
C
8 500}
£

0 L 1

1.5 2.0 2.5 3.0 35

Photon energy [eV]
Xl 3 GaN 5& MOS LED ® EL A% kL,

Fay—7EBERMEBLI-bDEEXD. Lo T,
ZORFEX, QOFECTEIND EEbNs.

X 312 ELZEANY MAZR LI, BHEAIE
750mW A FTERFIZHK) 100pW BELNT-. ZDOFEF%
T2 LICE Y RGBENEEF L, /b
7 —{bIZLEE72 RGB Ot A2 EH L. Z OfERIX
AERICHERNEHNINEON DS FAREEM%EEZ R LT
W5, L LR bANBETIRIL, 0.1%RE L
EREINDHEIZE-> TR, &EbR5vay b
F—EEDOY — 7 BIRER, v U 7TH UADHEE
DEBLLICL > THRETFIRUENLRIAEN
5.

3. EEEINN ZAN-RABREOERRE

1. BEEEFHFEEDKRE

YERFENH A A — FORNEEFRERME EICIX
(DPNEB RN DK, 2)F ¥ V 7 DZEREH Uid
DEHTHY, X7 ~TF o DHEE, EFHF
(QWYIEDIFZE S 4L, i E LED OFEHIZ K E <
FE L., FEERL -V CTHLREOERN 2SN,
DH & LLIXZ QW HEBESHWLNTWA R, Z ik
RICEEEDHETLHC) KA LIADDOHENKE L
B EIZFESLTWD

A EIAEET A EFEL LED ORNEEFRIRMm LI
H(1), QD ENLREEIIRRH D EEZ, QW
BEOEAZRFTL TS, LrLAERL, B)D
PHRICBEL X, B/ Vv REBEELYEZS
LIERITRFITHENEE S ND 720, SRESIT(Z
A N—)VeELIEIRRFERD. 22T, &
iR ST REALA/NE WD &N TIN5 B
HEERFTHZElT Lz,

FRFH 7 v 2 b—27 (CDIEREIZ M, GaN 5% LED
BT DB ICEBEREUT)INN &% H iz
UT-InN/GaN EFHF 4|0 8EZ H5F o % %
VX VREEMBENS LV To7z. £z, Z ok
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Reference GaN UTInN 10 MQW

RHE—

ey

4 T4 MIRXvEBUVAREERE—2 L FD B
. B XY RERRE— DIRNY 27 L7,

DER 7+ FNVI Xy EVAPLIZOWTHERL
o, PR e X 9EE VT n-GaN #E%,
IML 2 InN R Z21To-EH—B&T7HF2V 7
VAL, EHIZEDITRLZ 10 AHigVEL-ZE
EFHFEZY LSV B ELTEYELT. RESME
X, ERIEEE 600°C A A VRMEEL 400V,
RF & /1% 300W, N,i&% lsccm, In BNVIEE%
910°G UT InN R % 155, Ga B/VIRE % 1050°C
10nm GaN X lmin TfT-7-. PL il
He-Cd L —¥ ® 325 nm ZiE#R I LY YAGS (&7
¥ 266 nm Z FhiL YeJR & L CEE TITo 7=,

B SV A, BOERPL ZHIE LR, GaN
DN RN & R InN EFHFICERT S
W EDHER I NTZ[16]. WALT L% T
Z> &, R EITH 20 nm OEE BB S, K

WCRENABEREELFEEOSHOBMKEZRT. ©—2
DE—AY A MNEEBEAM)IL, £ D L—HF:78,
n-GaN:73, UT InN:87, 10QW:110 & 725 7=,

B R — BT DIEN VI, BB HBEALT
LZERERLEOERBRIICKETS. Lo T,
UT-InN/GaN &1HF OFNIL, K L OEEN
INEWEHERINS. OF Y UT-InN/GaN &FHF
FHBIL, FHEFEEEFERL L TCNDIEEZLNS.
T, FEREMETFRIEICHIT TETFH CT K
BIZEHTHS.

3-2. RN EABEOIRE

b1 > 2 v ASATO)CERL B Eh (ZnO) & 13 U
b ETHEEEFBHBRIYIL, FEmT 4 27 LA %
FNVRKGEMOFZHAEB~OISHAPHEFESNT
WA, L L7 s, ITO S A eic 6 LT
FHTIED 5 BNEIMNRER CEAREEZ R LN
BRE LCHERATSZ EI3IEFICRETH . Fx
W, BAMR IR T 5 EAEMRE L CBR b~ x v Y
LHEIBAMgZnO)ZERATHZ L 2RBEL T
%. MgZnO I3, #2472 Mg %ﬂﬁi%i@éi: Licky,
ZOEFIFEBEORKE JiI2 X AR (UV-A) 55t
L CE &2 B[17]. ithﬂ/ HOFERLID 2
TALEY - BRLHEN(ZnO)[18, 1911, FEE IZIRIHT
IREERENTTRETH H[20]. Lo T, Mg ZiRE
L7z ZnO EEN & 2 F CERESILTE 2 nicon
T, A EEFICHEEREZND EZATHS.



ZnO EEEEIZ L@, BT 2 HEES A
WHALDH[19]. T DEREZIE =X M TRIET S
TlEEZDLAYa— NEORAER TX
BYRRIEDNIEFE ICHEREN. SENE, 477 v i—
P —IEIZ L D MgZnO IR EZHATHZ LIl
. BF T VI —Y—EMPM)IL, BIRIEDO—FET
by, BEREEEZAVIHFETHDH21]. 2D
FETIE, BELE Zn B L O Mg £ & BH#EEN
HEFEFRETH Y, MgZnO EEAICIIENTH D
EEZD. ZOFEOHEZFAT L &, @BHEE
WIRABUYWEL, 2hE2 A ra— NMEDFiEx An
TERECEBAL, B2mz5Z ik, &EsE

BB RE L, BRAEEEN TR SN D FTETH D,

O, BREEHBMIIERETS.

ZIVETIZ MPM ¥EIZ K D Mgy 1ZngO EEDIE
FRICHREN L, 370nm % GaN 2% ¥4 A 4 — F(LED)
DOREXFEEICR L CTRELZEBESEHATH S Z
LEHRELTCWB[LT7]. 7z, Ga &REEEREIKR%
WNTH5Z LIk, BIRENPHIF T2 L HR
L72[17]. L2226, ZEOEPERITH Q- cm 2
L HEE L, BRICERT I, B H{EIEK
FRIEDBEL 2> TW5A. ZhETIZ, ZnO &
JEIZ DWW TCEM S AT HIEBEIREINT
W5 13[19,20], ZHHOEB T, ¢ BE M EK T
EHEIN TS, 2%V, EfE LTHERT S ZnO
WL, SEREETH DN, o BELEME A o
%z ENMEERPU bR E 2D,

F T, AWETIX, ¢ #ELH ZnO0 B X W
Mgy Zng O &% MPM {EIZ XL Y EBFRETH D
NERAGHIIL. TOBRIZOVWTHET 5.

HFRJFEHT 1 Zn-nta $& {4 (nitrilotriacetic acid)Z
AL, Kegkz7 =T KAWTERILLE
[17]. BWMT B~ TR T LABIOT Y U LBEHS
X, Mg-edta # & (ethylenediamine-N, N, N’,
N’-tetraacetic acid)® & O\ Ga-edta $EAZ AL, 7
YE=TAKAWTEHERIE L. MgZnO #EH D
Mg #EKE & O Ga Rl &1L, EIRIREREDE L%
EHETLZLICLVEIE L. ®YEL BRI,
Ay a— MY EREICEA L. 20K, |
EHEZRP CEFEST DI TINAT v E— N2 H
W, 1B B %X, 3000 rpm, 3 F), 2 BRBE D4
1%, 4000 rpm, 5 THDH. EREIZBRIZELY
s N7 Y b —Y—HEEIX, 70°CT 10
BEE, Z0D%, 600°CT 90 ek L7z, Z D,
RIEMHT AT DT V3 (Ar) % it & 100cem BEa
AR CRERZITo 7. BRI, BB CTITW, £
DOEEDOBEEREIL 100ccm TH o7z,

BIVE L 72 KO XRD BIEME R, BERREEAKZ

Ar HATITH Z LI XY c WhifdmMAEBRTE 52
ool

Ga FEINC X 2 EFEOE (L EFR~T. Ga ko
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10°*
R 100 nm
10°
S 10?
G
> 10' Q
=
B 10° @® poly-ZnO
8 O  poly-Mg,:Zn,s0 |
107 ¢ - ¢-Mgo1Zn,0
10-2 1 L L -
10° 107 10" 10° 10'

Ga concentration (mol %)

5 Ga WRINE & PR OBMR. BEEIE 0.1 pm TH
%. O ER A U7 R

BRIZ1X, Ga-edta ZJFEHIBERA L, HBEOBEETH
DT =T KRERWTER{LLZ[17]. Ga BN
BICHEIBEREBLEEK S ICRT. T F—=70%
BB WER R A2 RT3, Ga iNEEMcoh,
BEREETRALNTZ., £z, ZnO HEEL Mg &
ZnO FEFEEERZ RN L 72 MgZnO EEOIRHTRIC
ERERBOBRALNZV. B, BROBE,
Mg BWINC X0 ZEHFENARE 8D L, Ga T
—YENL MRS 72 D L RIRFICIREBZVRIZL 0, PR
DERNEESNDN, 2D X 5 RBALIBRSH
otz Tk, FEFICHREWESE THD. B
TRANADEREF2EIZIEN D/ ETFREIND.

4. ERBTFVTIL—rEAD GaN BERE

4-1. Al EBIEF Y T L— FRERET

€77 M) BB AT SR AN R OE R RUEIC AT, 2
IUE T ALEMR B~ GaN EIERRREFT 217> TE 72
[22]. & TH D Al EMRK _E~D GaN & ILHEH 7]
BIMEARENEF~OIGHIE T TR, V7 b
77 AERWEGALEIRFTE S, Al B
ERCIIEEHFEREB L OEREFE L0 FEHME
TR EE Lo 727z, AW CE 4H-SiC iR E
~0 Al EBEEELL Al EBR)BRIEZITY, FEEL Al K
W EIZ GaN fliE%#1T o 72.

FE MR & LT 4H-SIC ERAFEA L, REH
%1% RF-MBE(MBE: Molecular Beam Epitaxy)i% %
Wiz, RRERTAAER & U CHMIRE, BRI K OR
FEZENIZT8500Z T —~NT7 V—= T %To
7o, FOBERIEE 250°02C Al ZkELEZ. Z0
BE, 5 B Al RE 2Tl e v A
EL, 10 TobDEY U TVB ET5H. £
D, FEWRIEE 350°CTELEITVWEREAIZ AIN B %
R L, Al OFELLTCTH5H 650°GZT GaN fik
BT o 1. BUE L= v FOVIIR S B R E R E T
(RHEED) & O% X #R[E 7 (XRD)IZ CFHEi 21T - 7=



6 1 Al i E#: D RHEED /3% — &R d. Rk
EAHIBRE CIX ALIL 3 IRouEE L, FCRFER 23
LTWSIZENT 2 RuEME~EBITLTN Z
LWL, ZOYMIREEMETIEX, RHEED /X%
—U0b AP AR RBEERETHI ENbN5S.
72, BERBICHEIE LT ¢ scan DFER LV, AlJE
DAEHREH LTWS Z &R S,

(a) 5 min. (b) 600 min.

e/i<1120>

ef/<1120>

6 (0001)4H-SiC #:#R I Al & #E> RHEED /84 —
v.(a)5S 7 BLU(b) 600 73 DEEERT.

4-2. Al BETV T L— L GaN BERE

B 7 (2138l Al FotR BIZ GaN B 21T o 72
7@ XRD HIEFREREZRT. KLY SiC KU GaN
I TR<<AIDAl OB —7 bEHER T2 216,
GaN DR RIREZ Al OFSLITIZHET 5 & Al
FEERE AR L iR GaN slRENBUECTE 5 2
Enbhrot-.

(0004)4H-81C

(0002)GaN

Intensity (arb. units)

32 34 36 38 40 42
2Theta (degree)

7 (0001)4H-SiC MR EICRIELZ Al T 7 L — |
F GaN #ERLEAL . 020l EFE R A2 RS,

W
<

RF-MBE £ % FA\ T 4H-SiC ##R I 8L AL EEAR
BERW, %Ll Al iR E~D GaN B %17 - 7=.
ZOFER, REVMEETIT ALIZ3 RITEREL,
REREEZENIES 2L T 2 REEE~EBIT
THZIENbIroT=. £72, GaN OREREY Al
DOFELITICRET 5 & Al fEdbfE 2 HER L- B
i GaN RENEUWETE 5 Z L bhoT-.

5. FLDHESRDEE

GaN % LED E£RELICRF 2 ERHFF & LT, (1)
n B GaN %vay FEF—BEERFICLHHR—L
HEAZET 2 FeetEOBRE, (2) BITE N KEE %

18

BT HHENEOEMBRFB LORBRY H L DD
DN EREBEBORKEE, 3) @RER E~D GaN
iR O FTREMER G 2 MET R 1T o 7.
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Development of Electro-Spray Deposition for
The Fabrication of Organic EL and Organic Solar Cell
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Tetsuo Sakamoto (Department of Electrical Engineering, 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.
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(Electro-Spray Deposition, Organic EL, Organic Solar Cell)
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Development of high efficiency thermoelectric generator
with nanostructure control technology
i £ (EFBRRYE, BETLVE—(LFER)
Hitoshi Kohri, (Department of Environmental and Energy Chemistry, Kogakuin University)
Abstract

Thermoelectric generator is expected as an independent source, an energy converter for
co-generation with Refuse Derived Fuel (RDF) and so on. Thermoelectric materials were
required high Seebeck coefficient, low electrical resistivity and low thermal conductivity.
Thermoelectric oxides are suitable at the high temperature range because of chemical stability.
The Aurivillius compounds consist of Perovskite layers and Bi-O layers. It is expected that
nano-layered structure shows high Seebeck coefficient due to the quantum confinement of
electron in Perovskite layers. It was reported that the Seebeck coefficient of Aurivillius phase
Bi2VOs5 was high value of -28.3 mVK™! at 1010 K, and the electrical resistivity of the one was
also high value of 0.033 @m at 1010 K. The element substitution effects at V site on
thermoelectric properties were investigated. BizV1<MxOs5 (M=Cu, Cr, Mo, W, x=0, 0.05, 0.1, 0.2)
were prepared by solid-state reaction and hot pressing. From the results of the electrical
resistivities and the Seebeck coefficients, Cu and Cr behaved as acceptor to Bi2VOs .

The a and B phases of InsSes are attractive thermophotovoltaic (TPV) materials, which are
another candidates of energy conversion materials for co-generation . For example, they have a
direct transition and an optimal bandgap for TPV systems. The preparation of In—Se films on
Si, SiO2 or sapphire substrate by vapor transport method were investigated. Bulk In2Ses as a
starting material and a substrate were encapsulated in a quartz ampoule, and the ampoule was
heated for 10 s, 60 s, 1 h or 3 h by the temperature gradient furnace. The selenium was only
transported to the substrate for 10 s heating. The In—Se compound was synthesized on the
sapphire substrate within 60 s heating. The In—Se films were prepared by heating for 1 and 3
h. Crystal phase of the film heated for 1 h was y—In2Ses and InsSe7, and the film heated for 3 h
was consisted only In2Ses with y and B phase. From these results, it was considered that the
InsSes film was synthesized by the reaction of primary selenium and IneSer.

F—U— R BERE, v I70R, EFHAUCAOHR, BiEKBERtY, BOLEEHRE
(Thermoelectric generation, Seebeck effect, Quantum confinement effect, Bi layered oxide,
Thermophotovoltaic generation)
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Design of high performance electrolytic capacitor using structure-controlled electrodes

(TZFERTE, JEHEFERD)

Hidetaka Asoh (Department of Applied Chemistry, Kogakuin University)

Abstract

To form dielectrics for electrolytic capacitor on Pure Ti and Ti-Al 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), capacitance measurements, and leakage current measurements to clarify their structure, growth
behavior and dielectric properties. The influences of structure and composition of the anodic films on their

dielectric properties are discussed.
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(electrolytic capacitor, permittivity, titanium, titanium oxide)
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Development of the new solid electrolyte (superionic conductor) as materials constituting a battery

KE Flgh

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

(THBAS TAH BB 3 L& —(L5H)

Abstract

Glass-ceramics of the phosphorus containing NasRSi;O,(N5)-type (R=rare earth) Na'-superionic
conductors have been developed by crystallization of glasses with the composition Najs,.,R;.P,Siz,O9
(NaRPSi). These materials are comparable to the conventional ceramic Na'-conductors such as NASICON, p-
and B"-aluminas (e.g., NaAl;;0;7 and NaAl;sOg). 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, PO,)-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 NasRSi,O;, has long been
recognized for these two decades. Our phosphorus containing compositions have been confirmed superior to
the mother composition of NS5-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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Fig. 1 X-ray diffraction patterns of
NaY(B,Al,Ga)Si glass-ceramics.
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Fig. 3 Complex admittance diagrams of
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Fig. 2 Modified Kissinger plots for
NaY(B,Al,Ga)Si glasses.
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Fig. 4 Arrhenius plots of conductivities of
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total (Total) for NaYBSi glass-ceramics.



Table 1 Various properties of NaY(B,Al,Ga)Si glass-ceramics.

NaYB Si NaYAI Si NaYGa Si
Conductivity at 300°C (x107% S/cm) 432 4.11 3.08
Activation energy of crystal growth (kJ/mol) 410 392 382
a - axis 2.2048 2.2060 2.2075
La“ic(enfl‘;)““am ¢ - axis 12620 12628 1.2640
Volume 5.3131 5.3220 5.3345
Grain size (um) 3.8 44 4.9
Ionic radius (nm) 0.025 0.053 0.061
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Fig. 5 Conductivity at 300°C of NaY(B,Al,Ga)Si and NaYRPSi glass-ceramics.
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39



® N5-type ¥ Na,SiO;

[]
¥ =
N aje ™ s o83 ...)2’0.5’.
T ¢ 0% eeth 7 ses .§i9'4.e
‘g f ¥ v Mires set” 2% ".'x:0.3.
=]
2 x=0.2
= 1 *.0., @ g 2% @ @ 88 Se @
=0.1
@ @ olee o8 off oo ‘x °
o o x=0
Hi 28 o S9 o ® 00 @y
i A
10 20 30 40 50
20/° (CuKa)
Fig. 9 X-ray diffraction patterns of
Nas.FeB,Siy 0y, glass-ceramics
crystallized at 700°C.
5.0
40
g
92
:]/1 30
S
< 20
&
1.0
0 1 1 1 ] ] 1
0 0.1 02 03 04 05
[x]
Fig. 11  Conductivity at 300°C of
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Development of novel dielectric oxide film for high performance capacitor devices
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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, however, it became clear that the films formed in phosphoric acid
with the addition of organic solvent were composed of electrical two layers. The outer layer resistances of the
films formed in phosphoric acid with the addition of ethylene glycol and ethanol lowered to 1.3 and 0.8 Qm’,
respectively. It should be caused by organic species incorporation into the outer layer of the films. 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 the semiconductivity of the anodic niobium oxide films is also enhanced by incorporation of organic

species into the films as well as nitrogen doping.
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Microstructure control of electrodes for intermediate temperature SOFCs
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Abstract:

Perovskite-type oxides, Bai-xSrxCoi-yFe;Os-; (BSCF) was applied to the air electrode of Solid
Oxide Fuel Cell (SOFC). Electrode process was analyzed by the measurements of oxygen

diffusion fluxes through porous BSCF disks and AC impedance. It was suggested that oxygen
diffusion in the electrode pores and/or oxygen surface diffusion over the electrode surface.
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(Fuel Cells, Solid Electrolyte, Intermediate-Temperature, Surface Diffusion, Microstructure)
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Development of ecomaterial devices using interface modification techniques

JEB—B1 (L¥BERFE

% BRIVATALERD

Ichiro Takano (Department of electrical engineering, Kogakuin university)

Abstract

Biodegradable plastics can be used as conventional plastics, while on disposal they
decompose to water and carbon dioxide by microorganisms existing in natural environment.
Products using biodegradable plastics have recently been developed in many companies
pursuing ecology. In this study, surface modification of biodegradable plastics was carried out by
inert ion beams for improvement of mechanical properties such as hardness. In this method the
hardness of ion-bombarded biodegradable plastics was improved on heat deterioration by
electron beam evaporation, because the modified layer by ion irradiation intercepted radiant

heat.
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Key words: Biodegradable plastics, Ion beam, Surface modification
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Creation of Electrical and Electronic Eco-material Board by Film Formation Technology

Ry g (CFERRE, BRETRVF—LFER)

Takayoshi YAGASAKI
(Department of Environmental and Energy Chemistry, Kogakuin University)

Abstract

The objective of this study is to construct eco-material devices, in which various biodegradable resins are
used as the print circuit board material, by ion beam irradiation technology and thin film formation technology.
At present, three different parts are being investigated: (1) the effect of a reforming layer formed on the board
surface by ion beam irradiation with various ions on the adhesion between the biodegradable plastics and a
metallic thin film, (2) the effect of a microstructural modification of a biodegradable resin board on its
mechanical properties, and (3) enzymatic degradation of a biodegradable resin print board coated with a
metallic thin film. With regard to part (1), the formation of a reforming layer has been found to lead to
improved adhesion between the biodegradable plastics board and a Ti thin film. At present, we are preparing to
study the adhesion of a Cu film. For part (2), the effect of a microstructural modification induced by polymer
alloy formation and an annealing treatment on the mechanical properties of the biodegradable resin board has
been observed. We will also try a new approach involving microstructural modification by the introduction of a
stereocomplex. With regard to parts (3), we are currently carrying out experiments to determine the precise
hydrolysis and enzymatic degradation behavior of a biodegradable resin board coated with a metallic film. In

this report, the results obtained thus are reported.
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Tablel Conditions for forming thin film.?

Self-carbonization Ti thin film
layer formation formation
Ion species Ar" | He™ Ar"
Base pressure 4
[Pal] 6.0x10™" Pa
Ion pressure [Pa] 2x107 Pa
Accelerative
voltage [keV] ! > ? !
Current density
[uA/cm’] 20
Deposition rate
[nmvs] 0.15
Film thickness About 100
[nm]
Water-cooling Used
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Fig.2 AFM images of PLA surfaces with He ion
irradiation.
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Nano-Structural Analysis of Substrate Interfaces
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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 nano scale level. For the structural analysis particularly focusing on the

substrate interfaces, transmission electron microscopy (TEM) was applied together with FIB
micro-sampling and ultra-microtome thin sectioning techniques. As a result, the specimen
samplings of stacked thin-film solar devices and biodegradable resins were succeeded and

valuable TEM images have been taken.
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HEFRAR, JER—B: “FEEE! TiOy/Cu,0 MO EHERERE”, EmERFHES 5 125 [EEEEK
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i, REEINHS  F 125 BEREERKS CERETHRS), (2012/3/13)

EHEET, EBHE M U a2y XIEIZX D TiO, EIEOBSZHINC I T 5 JeksRerE,
KEBATIS 5 125 BEFEEKS GRRETIRT), (2012/3/13)

BT, R —B A A E—AT VA MECEYDLC a—F 4 L LT A I =T LA

112



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

ERERORME, REBANHS 5 125 BEEERS, R HKEHKRS), (2012/3/13)

K, BB RS, FUAH, 2A T3, B0, KB/, EFes: 977 v h—3—
B X DB LENEEIROA”, BAYT I v 7 AHE 2012 45, REKEE), (2012/3)
BN JER—: <A 42 B — A7 VA MEIZX Y /ER XN 7- NESIIDLC IO MEREME T,
SRR 24 FEIFSEM - M - HEMPARS, KA RKFZFR X ¥ 2 /3R), (2012/9/20)

ER R EE —BA: A AU E—LAT VA MEICEY DLC 2—T 4 V7 LY a0 Ui
WOREE”, SERL 24 FERFRER - M - BHMPAKRE, BKAKXFE, FEX ¥ 2 /3R),
(2012/9/20)

HE PR, E 27— BA: “FE/E ! TiO/Cu,0 M D AR AR S O Cu JIERRRS LN, SRk 24 455
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55 [EEDXH]

IR 1-1

1. Dr. Hiroki Nagai received "The 2012 ISNST Excellent Award of Oral Competition" in an international
symposium on Nano Science and Technology (Nov. 8", 2012).

2. L. S. Daniel received "The 2011 ISNST Best conference paper award" in an international symposium

on Nano Science and Technology (Nov. 19", 2011).
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3. HAE LD, Best Poster Award (The 11th International Symposium on Advanced Technology, 2012
410 A 30 H)
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6. PEMEM, Poster presentation prize (The 10th International Symposium on Advanced Technology,
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7. #&)I{H#HE, Poster presentation prize (The 10th International Symposium on Advanced Technology,
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o RRRE, GRESERVE (B~ T U 7 OVERE 123 EIEEIEES, 20114511 A 17 °)

9. WREAR, BHFFAZ—H BERFRE 121 BKHRE, 2011411 7 12 H)

10. HHEENR, BEHFRAZ—H (BEEBEFRE 120 BFEH KRS, 201145 H 21 H)

INGRRE 322

1. WEEE < A T AEMERERIET 7 22 Azt o —EtoBR% 2, FaEIRFEa
V=T MN\ETFFERES EEHFE] 2024 12 4 O\E£T)

2. JNEEEM © © NayO-Y,03-P,05-Si0, 58 Na EEMAERIAT 7 ADF ¥ U 7 —A A 25H & EE
PEREAM 7, B AR Y b FaEE 22 BUER Y AL FRtes EFEHREERE ], 201249 A (#
)

/NERRE 3-3

119



10.
11.
12.

NEFEEF, B~ T Y TV 24 EERINE 0 TERBFEEL AN LB 2
T ACES S @RE L OEEEROREFEREICBET 558 (B ~7 U 755, 2012
F6H7H)

NPT, 10 EEGEDEE (BeEYR, 2012458 19 H)

IIRREE, PR 24 FEESBRFLOEE (—RiEMEANBEERYS, 201341 A 31 H)
H4E £y, Honorable mention award of poster competition (2012 International Symposium on
Nano Science and Technology, 2012 4E 11 H 09 H)

A E £, Best Poster Award (The 11th International Symposium on Advanced Technology, 2012
10 H 30 H)

IR B, BEF RS —E (BERFBERCHE 3 BEREFIEE RN ¥ —RER, 2012
F8HS8H)

sE S, PR 23 FERERFAEORE (—REEEABEERTR, 2012414 30 F)

HH HZH, Poster presentation prize (The 10th International Symposium on Advanced Technology,
20114 11 A 18 H)

#1803, Poster presentation prize (The 10th International Symposium on Advanced Technology,
20114 11 A 18 H)

/IRREE, FEERGERNE (W~ 7 U 7 Va8 123 EIANGHES, 20114811 A 17 B)
REAK, EHRAS—H (BERFRE 121 KRS, 2011411 4 12 A)

HEEh, EHFFAAY R (B&RFRE 120 EFRHIKRS, 201145 A 21 H)

INERRE 4-1

1.

K4 : Haider A. Shukur

#WF5EREH : Photoconductive Property of TiO, Thin Films Prepared by Reactive Magnetron Sputtering
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B D4 F : Award for Encouragement of Research in Thin Films

F1#HERS : 15th International Conference on Thin Films(ICTF-15)
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K4 : Miki Matsuura

WFZERE H : The Repellency of PTFE Surface Modified by Ion Beam Irradiation and Vacuum
Evaporation

(P-S7-34)

B DA FFR : Award for Encouragement of Research in Thin Films

F/#HRS : 15th International Conference on Thin Films(ICTF-15)
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H K PRli244FE10A 30H (k) 13FF1557~17HES557
% . N\EFE 154E (Kogakuin 125th Memorial Education Centre) 01W-213 (2)
SIMAE: 704

ECECI1: Energy Conversion Ecomaterials 1 13:15-14:35 Room 7 (01W-213)
Chair: Norio Baba

ECECI1-1

Correlation between Deep-Level Defects and Carrie Trapping in A1GaN/GaN Hetero-Structures
(invited)

Yoshitaka Nakano (Chubu University and JST-ALCA)

ECEC1-2
Potentila of III-V Nitride Films for the Application to Photovoltaic Device (invited)
Masatomo Sumiya (National Institute for Materials Science)

ECEC1-3
Fabrication of GaN-based Schottky-type Light-emitting Diodes for Integrated RGB Pixels
Tohru Honda (Kogakuin University)

ECECI1-4
Defect Characterization of InGaN Alloys Probed Using a Monoenergetic Positron Beam (invited)
A. Uedono (University of Tsukuba)

ECEC2: Energy Conversion Ecomaterials 2 14:45-16:05 Room 7 (01W-213)
Chair: Hitoshi Kohri

ECEC2-1
Properties of Surface Electric Field Due to Hydroxyapatite Electret and Its Application
Katsuyuki Mukougawa (Tokyo Medical and Dental University)

ECEC2-2
Application of Electrical Polarization on Dental Glass-ceramics
H. Koizumi (Kogakuin University)

ECEC2-3
Formation Mechanism of the P-type Cu,O Thin Film via an EDTA Complex of Cu(II)
H. Nagai (Kogakuin University)

ECEC2-4

Photoelectrochemical Property of Vis-responsive Ag-NP/TiO, Composite Thin Films Fabricated Using
Molecular Precursor Method
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Daniel S. Likius (Kogakuin University)

ECEC3: Energy Conversion Ecomaterials 3 16:15-17:55 Room 7 (01W-213)
Chair: Toshinori Okura

ECEC3-1
Initial Crystal Growth Stage of In-Se by Vapor Transport Method
Naoki Takano (Kogakuin University)

ECEC3-2
Synthesis and Thermoelectric Properties of Tungsten Silicide
Takuma Kurishima (Kogakuin University)

ECEC3-3
Degradation Behavior of a Biodegradable Resin That Formed the Carbonization Layer on the Surface
Masafumi lida (Kogakuin University)

ECEC3-4
Development of a Novel Fabrication Method for Organic Thin Films by Using Electro-Spray Deposition
Tetsuo Sakamoto (Kogakuin University)

ECEC3-5
Sub-100 nm Silicon Nanoholes Formed by Metal-Assisted Chemical Etching
Hidetaka Asoh (Kogakuin University)
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