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Microstructure and formation process of hidasuki on Bizen stoneware

BEEMBFERY ZFEH LW LEFR
EEFETL
Yoshihiro Kusano
Department of Fine and Applied Arts, College of the Arts,

Kurashiki University of Science and the Arts

Abstract

A reddish hidasuki pattern was formed by a reaction between Bizen clay and rice straw.
Owing to the presence of potassium in the rice straw, mullite ((Al,Fe)sSi,O;3), the major
phase formed in the absence of rice straw, was replaced by corundum (a-Al;O3), hematite
(a-Fe;03), and a liquid phase in the surface region. The corundum precipitated as hexagonal
plate-like crystals, and on the edges of these crystals the hematite grew epitaxially.
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Fig. 2 Colors of samples heated with
or without rice straw. Sample (a) was
heated without rice straw at 1250 °C in
air and then cooled to 800 °C at a rate
of 1 °C/min. Samples (b-d) were
heated with rice straw in air at
1250 °C and then (b) quenched, (c)
cooled to 800 °C at a rate of
10 °C/min, and (d) cooled to 800 °C at

1 °C/min.
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Fig. 4 Colors of sample pellets heated
with rice straw at 1250 °C in N,/O,
gas mixtures of (a) 100/0, (b) 99/1, (c)
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Fabrication and magneto-transport properties
of ZnMnO/ZnO heterostructures
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Keiichiro Masuko, Atsushi Ashida, Takeshi Yoshimura, Norifumi Fujimura

Department of Physics and Electronics, Graduate School of Engineering,
Osaka Prefecture University

Abstract For diluted magnetic semiconductor (DMS) based heterostructures,
versatile magneto-transport properties in heterointerface are of great interest. In
this work, we have focused the magneto-transport properties in a ZnMnO/ZnO
heterostructure having a magnetic barrier. The ZnMnO/ZnO heterostructures
with atomically flat surface and interface were fabricated using ZnO single

crystal substrates. The magneto-transport properties were investigated.
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FIG 3 AFM images of the surfaces for (a) ZnO substrate, (b) ZnO buffer and (b) Zn; .Mn,O layers
(x=0.035). (c) Mn concentration dependence of lattice constant along c-axis.
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FIG.5 (a) Electron mobility (closed circles) and sheet carrier concentration (open circles) as
function of temperature. (b) Temperature dependence of the zero-field conductance.
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Abstract The red emission caused by Mn** doped in CaGa 584 is enhanced by co-doping
with a REE. To clarify its mechanism, the substitution site of Mn“" in CaGa,S; is investigated
through ESR measurements. ESR spectra of Eu®" doped sample are also measured in order to
study the symmetry of the Ca site. Comparing D-tensors observed at Mn measurements with
those of Eu ones, it is considered that the Mn ion is likely to enter the Ca site.
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Fig. 1: Enhancement factors of the Mn red Fig. 2: The energy levels of REEs in CaGa,S;
emission. reported by A.Bessiere et al [7].
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Fig.3:The angular dependences of the F'S in the Mn2+ ESR spectra. The symbols B, C-1, and
C-2 designate the set of signals originating from Mn2+ at different three sites.
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Mn e BO
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E -58.5 36.0 -35.0 -140 80 -160
ESLps| b c c—bt34° a c c—ob*34°
A 66 70 765
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Fig.4: The angular dependences of the FS in the Eu2+ ESR spectra. The symbols A, C-1, and
C-2 designate the set of signals originating from Eu2+ at different three sites.
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Temperature dependence of liner thermal expansion of AgGaSe; crystals
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Abstract AgGaSe; crystals were grown by Hot-Press method at 400~700°C
under 25MPa for 1 hour. We measured temperature dependent X-ray diffraction
(XRD) and photoluminescence (PL) of AgGaSe; crystal provided at 700°C. Using
each lattice constants calculated by XRD, it was found that a liner thermal
expansion decreased for T<70 K. Due to band gap energy E; increased for T<70
K, the Eg coefficient dEg/dT showed positive behavior. In the PL spectra, free
exciton peaks showed to increase for T<70 K as well as the liner thermal

expansion.
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RN ERFETHLHFIN TS, 20X ) ITkHEE LTHEEICHEE ML
FFon3, Cu-II-VIZ#kE & e R TAg-I-VL 2 BHIEED B O] E S D22, K
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First-principles study of band-gap reduction of III-V semiconductors
by N dopings
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Abstract Nitrogen doping often induces the band-gap reduction for III-V
semiconductors. To understand its origin, the chemical trend of reduction is studied by
the first-principles calculation with comparing the cases of various III-V compounds.
We found that III-V semiconductors are categorized into two groups; the large band-
gap reduction occurs for InP and GaAs, while there is little reduction and appears a
deep level of nitrogen in the band gap for AlAs, AIP, and GaP. It is shown that such
difference reflects the order of energy positions of I1l-atom s-orbital state and nitrogen
3s-orbital state.

1.E5Z-BH

M-V RPEERICEREZN—T (LA, NK=7) TN\ RE&EITV 703 (i
te) 2R 32N ERA - EERIICHION TWA, [1-4] Lo, VF 7L a REED A%
ZZADIONWTI O ITTR DA THRED 72N TR, NUREEKTHER
JFHF (LA T, NJFF) VIR O = R/VE—HENLEOFBI 11T — VIR &R CRIZfRHT
IS TR, 22 THR A I EUEH R 2 AV TERIIZNR =712 L5 U N igiE
DIVE 73 a0 DT EIT T,
2.5

BB B BRI EE I CE S W B R RBHER2ER L, AVWiaoTeT L
IXIIRIEF% 32 {8, VIEIE T 32 f Dt 64 B bR EIND V77 L RigED A
NIDVIEFAMI B2REIRFERL N7 ORELL (Fig. 1), EEFHE
DFERMONVRHEE, T AICBITAEFREOEERL1T), [5,6]
A E LI — ViE#EdIZGaAs, GaP, GaSb, AlIP, AlAs, AlSb, InAs, InP, InSb
DOIFEFEOMAELRE AV TRBDOERIRFOIBEWES/ U R EEDOHEAZ1TI,
EHIINR =7 DR EZERFIRIZBEDO NV REEDELIZHOWTHIEIT 21T,

Fig. 1. Schematic cubic unit cell system adopted in
the present calculation, in the case of N doped
AlAs. This unit has 32 Al, 31 As, and 1 N atoms.
The atoms on the boundary are fixed at the AlAs
bulk positions, while positions of other atoms are
optimized. Doped N atom is located at the center.




3. R

MEE DM TEREZN =T LN R EETIIETORTIZ 7o ab DR TE
Teo ZOVE 7 av ORRIT2ERICHETES,

Fig. 213InPDONL 2 ()2 R —TF(b) TONL REEOH B TH S, B FH# TITR
—FIEBEBIIROLNRVRAREFE DO NURR TR, NRURE T DYVE I3y
DHERBTEDRIINVRHEED T IR SRR OMBIT 2 Figd TITo 72, @i
{E & ESO/ NV RTHY, POp#uEEZ RL TS, (b) IX{mEH T ik (Fig2 (b) -
b) THY, PEONFFEZDEVDINRFIZEHRNERL TWBIENSND, 2%
D12 ED/SUK (Fig2(b) -o) ThRtkR AR T, ZOBBELTHERK TS 11 &
[T DOsELEENFFD3s $UEDEM U2 | (REHO T HEEIMET T 51%
E&TRT,

I AlAs DU REEEDRE R ZFig. 3 1R T, (b) DF—7RETOREF DN
VRTIEL EH R T O SUR (KHb) O FTosHER RS, 2L ED SR TI
AN D (@R TEIZTRONZ, FigcbD IR O R T, [mEH F i
YRb TIXEMIINFFORIZHEL TWDIENDH D, TAUIKL, 12 kDR Re
TIX Al & As FF DR TERSND@E DIEEFHOHEEZ R T, ZHUT I HEFO
s HLUEDOHENLH N JFTD 3s BLUELYEVMLEBIZW A28 (REH T 5 Clit, NETO
HENIZRELINVMEE R R T EE LMD,

;1 N ] %l
B0 | o 1 E
A
22 )
X K VA X T 1

Fig. 2. Calculated band structures of (a) bulk InP and (b) N-doped InP. The bands below 0.0
eV are valence bands. For comparison, doubled unit cell is adopted in (a).
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Fig. 3. Calculated band structures of (a) bulk AlAs and (b) N-doped AlAs. The
bands below 0.0 eV are valence bands. Due to the adoption of doubled unit cell, the
lowest conduction band in (a) corresponds to the state at X point in the bulk fcc



Fig.4. Calculated wavefunctions of I -point states of N-doped InP, (a) a, (b) b, and (c) ¢
states shown in Fig. 2(b). a is a valence-band state of InP, while b and c are hybridized
conduction-band states between N and In.

Fig.5. Calculated wavefunctions of I -point states of N-doped AlAs, (a) a, (b) b, and (c) ¢
states shown in Fig. 3(b). a is a valence-band state of AlAs, ¢ is a conduction-band state of

AlAs, while b is a localise N-2s orbital state.
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Fig.6. Schematic views of two
Ga/ln Al/Ga characteristic band-gap reductions in
-_— N-doped III-V compounds. (a) case
I QI; . N of conduction-band lowering and (b)
s-obital

3s-obital case of N-originated deel level
i m S ﬂ As production.
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Fig.7 Calculated band structures of (a) N-doped (Pear)
GaP The bands below 0.0 eV are valence bands.
Calculated wavefunctions of I -point states of N-doped
GaP, (b) b, (¢) ¢, states shown in (a). b is a conduction-
band state of GaP, while c is a anti-bonding N-atoms
state.
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by sol-gel sulfurizing method

ATHE foth, A ACE, &3 HE&. TR AR
(RESIREFRF)
Kazuya Maeda, Kunihiko Tanaka, Yuki Fukui and Hisao Uchiki
Nagaoka University of Technology

Abstract

CZTS thin films were fabricated by sulfurization from the precursors prepared by sol-gel
method. Precursors were sulfrized in the atmosphere of N, + H,S(5%) gaseous mixture for 10
min with different temperatures from 500°C to 600°C after the samples were preheated at
250°C for 10 min. XRD studies showed all sulfrized samples had the CZTS structure. With
increasing sulfurization temperature, the chemical composition ratio of sulfur/metal which
was obtained by EPMA was increased and the grain size of CZTS thin films was increased.
For (ahv)® plot, all CZTS films had a band gap of ~1.5 eV.
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Fig. 1. Scheme of the entire annealing process.
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Fig. 2. XRD patterns of samples prepared in this work:

preheating for 10min at 250°C (a), sulfurizing for 10 min
at 500°C (b), 550°C (c), 580°C (d) and 600°C (e).
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Fig. 3. Sulfruization temperatures dependence of surface SEM images (a) and cross-section SEM
images (b).
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Fig. 5. Dependence of annealing temperature Fig. 6. Plots of (ahv)® vs. photon energy:
on transmission spectra (a) and reflection samples were sulfrized for 10 min with
spectra (b). different temperatures from 500°C to 600°C.
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Characterization of crystal structures and lattice strain
in CulnS; epitaxial films on GaAs substrates
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Abstract Crystal structures and lattice strain in CulnS, epitaxial films of various
thicknesses, which were grown on GaAs (001) substrates by three-source
evaporation method, were characterized by X-ray diffraction and reflection high
energy electron diffraction. Thinner films had c-axis oriented chalcopyrite
ordering structure with partially relaxed tensile-mismatch-strain. On the other
hand, thicker films seemed to be almost strain-free, and had Cu-Au ordering,
chalcopyrite ordering and twin structures. Relaxation of lattice strain in the
thicker films is considered to be due to defects related with the coexistence of
some structures.

1. iZL®Hic

KIGH AR MICIZIEEE T 5 BEEEBR O EH|FHiE(1.5eV) 2 AT 5 CulnS, i3,
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Fig. 1.  XRD spectra of CulnS; films with various thicknesses around 26=32°~34°.
Dashed lines of c-axis oriented chalcopyrite (®), a-axis oriented chalcopyrite (W), c-axis
oriented Cu-Au type (+), a-axis oriented Cu-Au type (X ) and sphalerite (@) structures show
the 26 values estimated from the reported lattice constants of CH bulk samples and CA and SP
film samples. The estimated 26 values for c-axis oriented chalcopyrite structure with
mismatch-strain (MS) and thermal-strain (TS) are also shown by solid lines.
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Fig. 2. Typical RHEED patterns of films with various thicknesses ((a) ~0.07um, (b)

0.14pum, (¢) 0.23um and (d) 0.31um) and their respective schematic diagrams. The
incident electron beam is directed along <100> and <110> of GaAs (001) substrate.
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Fabrication of bufferless Cu(In,Ga)Se; thin film solar cells using window layer
that grow up by helicon-wave-excited-plasma sputtering method
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Abstract  Cu(In,Ga)Se,(CIGS) was fabricated by thermal diffusion of Zn
into p-type CIGS films using dimethylzinc [(CH3)Se2. DMZn] vapor, in order
to form CIGS pn-homojunction. This method requires no additional equipment,
because diffusion can be carried out subsequent to the CIGS growth.
Zn0:Ga/MgZnO window layer was deposited by helicon-wave-excited plasma
sputtering. The average conversion efficiency of CIGS solar cells consisting of
n-type MgZnO film and n-CIGS:Zn/p-CIGS structure (4%) was improved by
a factor of two in comparison with the case for undoped CIGS absorbing layer
(2%). The appropriate flow time of DMZn was 3s, from which the diffusion
length is estimated as about 150 nm. The method is highly advantageous for

development of low-cost solar modules.
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Fig.1 Schematic diagram of
HWPS apparatus.
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Theoretical analysis of ferroelectric properties of binary oxides BaTiO3 and BaTisOs5

H 2 84(ERr  BEBERZEAT /b P95 Pr *
R ABH, #ookEk *
Masakuni Okamoto, Takao Matsumoto*
ARL/CRL*, Hitachi, Ltd.

Abstract We have theoretically calculated electric domain
structures and piezoelectric coefficients of binary oxides BaTiO3
and BaTiyOs in order to propose new lead-free ferroelectric ma-
terials. Time-evolution of the domain structures of the tetrago-
nal BaTiO3 was calculated using the time-dependent Ginzburg-
Landau equation, while the ferroelectric properties were an-
alyzed using first-principles density functional theory calcula-
tions. For BaTi2Oj5, we obtained spontaneous polarization 0.092
C/m2 along b axis and piezoelectric coefficient doe = 13.66
pC/N.
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Property of decay of the red luminescence in CaGa;S4:Mn**,RE**

AAXRY: CHEHFEH WE¥FE
AR ANERY BETHE BRREB
Akihiro Suzuki, Toshimitsu Obonai, Chiharu Hidaka , Takeo Takizawa
Department of Physics, College of Humanities and Science, Nihon University, 3-25-40
Sakurajosui, Setagaya-ku, Tokyo, 156-8550, Japan

Abstract Decay of the Mn red emission in CaGa;Ss:Mn”>*,RE** prepared by the
solid-state reaction has been investigated. We derived a rate equation based on the
detailed balance between the valence band and the excited d-level of Mn>* by taking
into account of the trap levels due to RE** jons. The solution of this equation indicated
two processes; one is rapid decay and the other long afterglow. Enhancing effect of the
Mn red emission in CaGa;S4:Mn”", RE** is thought to be caused by increase in the

transition probability of the Mn d-d levels.
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Fig.1 Decay curves of CaGa,Ss: Mn (a) and CaGa,S,: Mn, La (b). Calculated value of

(a) and (b) are showed by an exponential and sum of two exponential, respectively.
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Fig3  Decay times of the first (a) and second (b) terms in (5) as a function of the 4f electron
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Fig.4 Values of aAandabB as a function of the 4f electron number of co-dopants.
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Fabrication of CIGS solar cell using Zn-Se buffer layer grown by
MOCVD process after selenization
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Tokyo University of Science
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Abstract  ZnSe buffer layer has been grown using diethylselenide [DESe] and
dimetylzinc [DMZn] by MOCVD after selenization. This method is simple process
using the same source as selenization. The film was deposited at different growth
temperatures and timings that vary in the range, 300-500°C and 5-60 minutes
respectively. The layer grown at a temperature of 500°C for a growth time of 10
minutes had a thickness of 30nm that exhibited an optical transmittance >70%.
These layers demonstrated high normalized open circuit voltage and short circuit
current density when grown on CIGS as a buffer.
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Abstract Sn precursors, deposited on soda-lime glass substrates using RF
sputtering or evaporation technique, were sulfuized by S vapor. SnS films using
RF-sputtered-Sn-precursor were obtained for 90 min at 330°C sulfurization. On the
other hand, SnS films using evaporated-Sn-precursors were not obtained. These
results may indicate that the orientation and density of Sn precursor reflect the
sulfurizated film quality.
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Table2 Representative chemical composition
of SnS films using evaporated-Sn-precursor.

Time[min]  S/Sn ratio

30 1.10
60 0.62
90 1.31
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Synthesis and characterization of Eu-doped thiogallate phosphors
by polymerized complex sulfurization method
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Abstract

Eu-doped SrGasSs thiogallate phosphors were prepared by polymerized complex
sulfurization method. XRD patterns show the existence of SrGa,S4 phase and green-yellow
emissions due to Eu?* ions were observed in all samples sulfurized at temperature range of
700 ~ 1000°C. Calcination and sulfurization temperature were optimized by XRD, EPMA,
SEM and PL. The quantum efficiency of the sample synthesized under the optimized
condition was 29% which was comparable to those of solid state reaction.
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Fig. 5 SEM images of samples
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Preparation of Cu;ZnSnS; Thin Film under Non-Vacuum Condition and Hydrogen
Sulfide Concentration Dependence
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Yuki Fukui, Kunihiko Tanaka, and Hisao Uchiki
Nagaoka University of Technology

Abstract  Cu,ZnSnS4(CZTS) layers were prepared by sol-gel sulfurizing method.
Hydrogen sulfide(H,S) concentration dependence of properties of CZTS films was
investigated. H,S concentrations were 3%, 5%, 10% and 20%. XRD patterns of CZTS films
on Mo/SLG substrates with all H,S concentrations indicated CZTS peaks. For H,S 3%, width
of the (112) peak is narrowest than other H,S concentrations. The CZTS films with H,S 3%

and H,S 20% are composed of ~ 2 um sized grains. High quality CZTS films were obtained
with HoS 3%.
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Characterization of GaSb/AlSb multiple-quantum-well structures grown on Si(111)
substrates

EMEIRREAY TEH B2
* IR Y ZERZERESEM AL 2—
SHEZ, =LAEA5L, “ZEHEER, WREK, NEERE
Hideyuki Toyota, Akihiro Mikami, *Tetsuo Endoh, Yoshio Jinbo, Naotaka Uchitomi
Department of Electrical Engineering, Nagaoka University of Technology

*Center for Interdisciplinary Research, Tohoku University

Abstract GaSb/AISb multiple quantum well (MQW) structures were grown on

Si(111) and Si(001) substrates using 5 nm AlSb initiation layers to compare their
structural and optical properties. The AFM image of MQW on Si(111) substrate
showed smoother surface morphology having roughness RMS value of 89 nm than
that of MQW on Si(001) having roughness RMS value of 14.6 nm. Observed RHEED
patterns from both MQWs suggest that both the GaSb films are under tensile strain
at growth temperature. From the ¢-scan XRD measurements of the MQW on
Si(111), (422), (242) and (224) reflection peaks of GaSb layer and Si substrate
revealed no substantial evidence of alignment of the GaSb(111) surface with the
Si(111) surface by 30° rotation. Photoluminescence (PL) spectra at 1250 ~ 1400
nm were observed for both MQWs. It was also found that the MQW on Si(111)
substrate exhibits less temperature dependence.
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Fig. 1: Lattice constants and band-gap
energies of III-V semiconductors.
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Fig. 4: Plan-view SEM images of (a) MQW grown on Si(111) and (b) MQW grown on
Si(001) substrates.
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also presented.
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Summary ZnSnAs; epitaxial films of different values of thickness were grown on
InP(001) substrates by MBE. The absence of both the broadening of the FWHM HR-
XRD rocking curves and the reduction of the of the ratio of the epitaxial layer XRD
peak intensity with respect to the substrate XRD peak intensity with increasing
sample thickness suggest that the epitaxial films remain pseudomorphic with the InP
substrate, at least up to a thickness value 285 nm.

INTRODUCTION ZnSnAs; is a member of the II-IV-V; terary pnictide semiconductor family
which crystallizes into either the chalcopyrite phase (CP) or sphalerite phase (SP) with a band gap
energy of 0.73 eV and possessing unique properties that may be useful in realizing new
functionalities in future electronic devices [1]. In our previous works, we reported on the room
temperature ferromagnetism in lightly Mn-doped ZnSnAs; [2] and ~4% Mn-doped ZnSnAs, [3]
thin films grown by molecular beam epitaxy (MBE). Knowing the fact that the properties of the
host semiconductor ZnSnAs, play a crucial role in understanding the origin of ferromagnetism of
the ZnSnAs;:Mn, we have also studied the ZnSnAs, transport properties and have confirmed the
presence of a maximum in the Hall coefficient temperature dependence curve similar to that
observed in bulk-CP ZnSnAs, [4]. We have also demonstrated that transport properties can be well
described by impurity band model [S]. First evidence of the pseudomorphic growth of ZnSnAs,
epitaxial films has been also reported [6-7] as well as the effect of low temperature annealing on the
properties of the ZnSnAs, thin films [8]. As it is believed that pseudomorphic growth results in
layer structures of high quality [9], in this work, we present further evidences of the pseudomorphic
growth of ZnSnAs, epitaxial layers on InP substrates.

EXPERIMENTAL  The ZnSnAs; epitaxial films were grown on ACROTEC epi-ready n-type
InP(001) substrates with n =~ 2x10'® cm™. Low temperature (substrate temperature Ts=300°C) MBE
growth technique was employed to enable the deposition of Zn atoms whose sticking coefficient
increases with decreasing substrate temperature [10-12]. Four samples namely samples A, B, C, and



D were prepared at different growth times of 15, 30, 50, and

83 mins, respectively. The samples were characterized by :
performing in-situ RHEED, EPMA, HR-XRD, Raman , InP (004)
spectroscopy, TEM , AFM and /-V characteristics studies. ]

1 sample A !
RESULTS and DISCUSSION Figure 1 shows the HR- 8{ il \ww“h“” i
XRD 6-26 scan profile around the InP (004) diffraction peak. — ' 1
The computed lattice constants a, along the growth direction é" j sanpls B \\\ 1
for samples A,B,C and D, are 5.8991 A, 5.8991 A, 5.8886 A, [ it M
and 5.8928 A, respectively. These values are almost equal [ cample G ]
and in agreement with those in our previous reports [2-5]. _E;
Clearly visible from the figure are the Pendellosung fringes P i bl w1
or Laue oscillations around the ZnSnAs, diffraction peaks 1
suggesting lateral homogeneity and well-defined interface { sample D
between the epitaxial films and the substrate from which the Eo Wbdun
epitaxial films thickness values were estimated. In one of our 50 61 62 63 64 63 o6
previous works [6], we have shown the reciprocal lattice 20 [deg]

map (RSM) of sample B around the (224) Bragg peak of the

underlying InP substrate. The chalcopyrite-ZnSnAs, 228 (SP  Fig.1. HR-XRD 6-26 narrow scan profile
224) diffraction spot was observed directly below the around the InP (004) diffraction
substrate 224 reciprocal lattice point indicating that the peak.

epitaxial layer has exactly the same in-plane lattice

parameter as that of the underlying InP substrate, i.e. the growth is pseudomorphic and the ZnSnAs,
epitaxial film is under compressive strain.

HR-xrd omega scan (w-scan) for all the samples was also performed from which the full-width
at half-maximum (FWHM) values were obtained to determine if all the epitaxial layers remain
pseudomorphic with the InP substrate. The measurement results are shown in Fig.2. Here, the peaks
of the profiles correspond the Bragg diffraction angle 6 (or ®) due to the reflection from the (004)
SP and/or (008) CP ZnSnAs, diffraction planes.

160
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Fig.3. FWHM of the HR-xrd rocking curves (o-

scan) and ratio of the 6-26 diffraction peak
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profiles of samples AB.C, and D for intensity of the ZnSnAs, SP 004 and/or CP

FWHM comparison. 008 to the underlying InP 004 6-26
diffraction peak intensity as functions of
thickness.



Fig.4. High resolution cross-section TEM image of sample C around the epitaxial layer and
substrate interface. The inset shows the transmission electron diffraction around the
interface.

To facilitate straightforward comparison of the FWHM values, all the peaks were shifted to w=0
and normalized. With this presentation, the narrowing of the FWHM with increasing thickness can
readily be distinguished.

As it is believed that lattice relaxation introduces misfits dislocations and threading dislocations
that lead to broadening of the main rocking curve peak, the absence of the broadening of the
FWHM as shown in Fig.3 with increasing thickness of the samples suggests the epitaxial films
remain pseudomorphic with the InP substrate. Signs of lattice relaxation[13] such as extinction of
the Pendellosung fringes and reduction of the ratio of the epitaxial layer peak intensity to the
substrate peak intensity were not observed
leading us to the tentative conclusion that
the all the samples were grown
pseudomorphically. The actual plot of the
ratio of the ZnSnAs, SP 004 and/or CP 008
to the underlying InP 004 6-26 diffraction
peak intensity as a function of thickness is
also shown in Fig.3 which clearly shows
that the ZnSnAs, to InP diffraction peak
intensity ratio, on the contrary, increases
with increasing film thickness.

Shown in Fig4 is the magnified image
around the sample C epitaxial layer and
underlying InP substrate which shows
evidence of high interfacial quality and
commensurate epitaxy. Furthermore, the
transmission (TED) pattern taken along the
<110> direction around the interface shown  Fig.5. The measured IV curves of the p-
on the right shows no splitting of diffraction ZnSnAs/n-InP  heterodiode  samples
spots suggesting that the epitaxial layer BIE, apd D,

VD [volts]



remains to be of the same crystalline structure as that of the substrate.

Fig.5 shows the typical I-V curves measured at room temperature of the p-ZnSnAs,/n-InP
heterojunction samples. Also, shown in the inset are the semi-logarithmic plots. The apparent
small discrepancies in the slope of the /-V curves are likely due to the resistance of the contacts
which are accomplished by manually pressing indium dots onto the surface of the ZnSnAs. It can
be said that all the samples exhibited good rectifying behavior, thereby, demonstrating for the first
time the viability of device application of p-ZnSnAs,/n-InP heterojunctions.

CONCLUSION  The absence of both the broadening of the FWHM HR-XRD rocking curves
and the reduction of the of the ratio of the epitaxial layer XRD peak intensity with respect to the
substrate XRD peak intensity with increasing sample thickness suggest that the epitaxial films
remain pseudomorphic with the InP substrate. This confirms that high quality ZnSnAs, epitaxial
layers can be grown on InP substrates at least up to a thickness value of 285 nm, the highest
thickness value in this work.

This work is partly supported by Iketani Science and Technology Foundation.
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Dielectric functions of nanocrystalline CdS prepared by a colloidal method
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Abstract We have studied the quantum size effect on dielectric function of CdS
prepared by a colloidal method. Spectroscopic ellipsometric measurements have been
performed on the nanocrystalline samples of CdS which were layer-by-layer deposited
on the SiO, substrate. The main features of the dielectric function of the nanocrystalline
CdS in the spectral range from 1.5 to 5.5eV have been found to be blue-shifted against
their positions in bulk-CdS, owing to the quantum confinement of the exciton or
quasi-free carriers.
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Fig.1 Absorption spectra of nc-CdS in Fig.2  Schematic diagram of the nc-CdS

solution. D: average diameter of nc-CdS. sample for ellipsometric measurements.
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Fig.4 Pseudo-dielectric functions of (nc-CdS + void) composite layers, a) real and b) imaginary part.
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Table 1 Volume fraction of nc—CdS in nc-CdS composite layer.

Sample No. | Thickness [nm] | Volume fraction of nc—CdS [%]
x1 23.6 24. 1
X2 6.4 392
x4 4.1 38. 3
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Fig.5 Extracted dielectric functions of nc-CdS, a) real and b) imaginary part.
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Temperature dependence of dielectric function spectra of
quasi one-dimensional TlGaTe;

FACE' ok B, B2 Nazim Mamedov?
KR REEL, 2FETRLT, ST EANRL X VBETHT I —

Hitoshi Aoh', YongGu Shim', Kazuki Wakita® and Nazim Mamedov’
'Osaka Prefecture University, “Chiba Institute of Technology,
3Azerbaijan National Academy of Sciences

Abstract
dimensional TIlGaTe, has been studied by spectroscopic ellipsometry in the

Temperature dependence of dielectric function of quasi one-

temperature region 140 and 400K. The inter-band optical transitions were disclosed by
standard critical point analysis. It has been found that the inter-band optical transition
around 2.92eV in E//c configuration shows anomalous temperature dependence

around 290K owing to incommensurate phase transition.
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Nanostructure of CdS:O films by cathode sputtering
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Abstract Cadmium-sulfide:O films prepared using cathode sputtering with oxygen
partial pressure of 0% to 7% in argon atmosphere have been investigated. The AFM
images show that the width and height of peak and dip at the surface of CdS:O films
decrease with an increase of oxygen partial pressure. On the other hand, Raman spectra
indicate that LO and 2LO phonon peaks shift to higher frequency and their FWHMs
(full width at half maximum) broaden with an increase of oxygen partial pressure. A
decrease of CdS grain-size is a candidate of cause of broadening their FWHM.
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Fig. 2 Oxygen partial pressure dependence of AFM image of CdS and CdS:O films.
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Fig. 5 PL Spectra of CdS and CdS:O films.
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Preparation of CuAlO; thin film by spin-courting method with nitric acid metal sources
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Abstract CuAlO, thin films were prepared on quartz glass substrates by

spin-courting with nitric-acid-metal solution followed by annealing in N, gas flow.

Film thickness increased with increasing the spin-coating cycle. The films annealed

at 700 °C had CuO and CuAl,O4 phases, while the films annealed at 800~1000 °C had

only CuAlO, phase. The films with CuAlO, phase almost corresponded to the

stoichiometry composition of CuAlO,, and exhibited an absorption edge corresponding

to the direct-energy-gap of CuAlO,. P-type conductivity of the films were 10°~107

Sem™.
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Fig.1 Composition of films annealed at 700 °C (O), 800
°C (), 900 °C (A), and 1000 °C ([J) with the coating
cycle of 10, and films annealed at 700 °C (@), 800 °C
(9), 900 °C (A), and 1000 °C (M) with the coating cycle
of 15. For reference, the stoichiometry composition of
CuAlO; and CuAl,O4 are shown by closed and opened
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Fig2  Typical X-ray Diffraction patterns of films
annealed at (a) 700°C, (b) 800°C, (c) 900°C and (d)
1000°C with the dip-coating cycles of 10. The PDF data
of CuAlO,, CuAl,O4 and CuO (#35-1401, #33-0448, and
#45-0937) are also shown for references. The broad peak
at ~22° is due to the quartz substrate. The sharp lines
marked by x at high annealing temperatures can be
considered to be due to SiO, (PDF #39-1425).
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Fig.3  Typical X-ray Diffraction patterns of films
annealed at (a) 700°C, (b) 800°C, (c) 900°C and (d)
1000°C with the dip-coating cycles of 15. The PDF data
of CuAlO,, CuAl,O4 and CuO (#35-1401, #33-0448, and
#45-0937) are also shown for references. The broad peak
at ~22° is due to the quartz substrate. The sharp lines
marked by x at high annealing temperatures can be
considered to be due to SiO, (PDF #39-1425).
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Fig.4 Typical transmission spectra of films annealed
at 800~1000 °C with the dipping cycles of 10.
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Low temperature growth of ZnO transparent conducting films by plasma-assisted deposition method
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Abstract ZnO transparent conducting films on glass substrate and plastic sheets have been
prepared by plasma-assisted deposition method. The polycrystalline film of c-axis normal to
the surface was obtained with the substrate temperatures as low as 50°C. So it can respond to
flexible plastic sheets. Ga-doped ZnO films on plastic sheets exhibited electric resistivity of

1.0x107°Qcm and transmittance of 80% over the visible region on plastic sheet.
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Annealing effects of Ga-doped ZnO films in O, and Ar atmosphere
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Abstract Transparent conducting Ga-doped ZnO (GZO) thin films were
deposited on glass substrates by ion-plating method. This work, The GZO films
were annealed under O, and N, atmosphere at from 100°C to 500°C. Z-Max
values of AFM measurement were decreased as increasing the annealed temperature. This
showed that the surface roughness of the annealed films was decreased. The reason

indicated that excess oxygen atoms were introduced into the films.
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Fig. 1 XRD patterns of GZO films annealed at various temperatures
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Optical Characterization of FTO Thin Film Deposited for Dye Sensitized Solar Cell
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Department of Electrical and Electronic Engineering, University of Miyazaki, JAPAN

Abstract Transparent conducting thin films of fluorine-doped SnO; (FTO) were
deposited on glass substrates by spray pyrolysis technique. These films were appropriate
electrode of dye sensitized solar cells (DSC). DSC could provide simpler and lower cost
than conventional solar p-n junction devices. I-V measurement was carried out to obtain
open circuit (Voc) voltage, short-circuit current (Isc), fill factor (F.F) and conversion
efficiency. The conversion efficiency, Isc and F.F increased with increasing film
thickness.
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Producing of IrSnOx films by Ratio Frequency sputtering

BRFRE LFEH BEBXEFLFER
JFH B SHEZ
Shun Harada Kenji Yoshino
Department of Electrical and Electronic Engineering, Faculty of Engineering,
University of Miyazaki

Abstract IrSnOx thin films were deposited by RF sputtering at various
substrate temperature. Deposited IrSnOx thin films showed crystallization above
100°C. X-ray Diffraction peak of the films appeared at peak position of between
IrO; and SnOs. A change of average transmittance on visible light region (400
~800 nm) was similar to that of the resistivity. It is assumed that this is due to a
difference of valence conditions.
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Electrical characterization of AgInS; crystal with changing the Ag/In ratio

BKE THE BRETTEH
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Takahiro Tokuda  Kenji Yoshino

Department of Electrical and Electric Engineering, University of Miyazaki,

Abstract AgInS; crystals with changing Ag/In ratio were grown by a Hot-Press
method at 700 °C under 25 MPa for 1 hour. The samples were evaluated X-ray
diffraction (XRD), electron probe micro analysis and Hall measurements. From the
XRD spectra, AglnsSs phases were observed in In-rich samples. It was assumed
that this was due to exist interstitial atoms. From the Hall measurement, all samples
indicated n-type conductivity. It was deduced that lattice defects of sulphur vacancy

was much existed in both Ag- and In-rich samples.
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Growth of CulnTe; Crystals Grown by Hot-press Method
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University of Miyazaki

Abstract Undoped CulnTe; crystals were grown by hot-press (HP) method at 400 ~
700 °C for 1 h under high pressure (25 MPa). The samples grown above 600°C
indicated chalcopyrite structures, nearly stoichiometry and p-type by means of X-ray
diffraction, electron probe microanalysis and thermoprobe analysis, respectively.
However, the samples grown at 400, 500 °C had a secondary phase. According to
increasing temperature, the sample did not have the secondary phase. A single phase
CulnTe; crystal ccould be successfully obtained at 600 °C. This temperature was lower
than the melting point.
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Characterization of Eu-doped GaN films on c-plane sapphire substrate by RF magnetron sputtering
FIRART', CHEHEE' SEHE, EHR, AFE!

Ehime Univ.'!,  °T. Fujii', S. Yudate', A. Miyata', S. Shirakata'

e-mail u844018b@mails.cc.ehime-u.ac.jp

Abstract Eu-doped GaN has been studied as a material for optoelectronic devices. Eu-doped
GaN thin film has been prepared by radio frequency(RF) magnetron sputtering method.
Samples were studied by temperature dependence of PL and PL excitation(PLE) spectrra. PL
intensity is almost constant for 8-100 K, and decreases as temperature increases for 100-300
K by about one decade of magnitude. In addition, two broad PLE peaks were observed at 350

nmdueto Band to Band excitation and 390 nm, which is related to the Eu ion defect level.

[F]

Eu F—7 GaN(GaN:EwiI R B CHWE L2~ TE W EAERLL TEEINR T
Do AT RIT NARASOIEA~EANT T, B KEEOEREIERIZITADHETH
% RF =7 %xba 289 HiEIZ 5D GaN:Eu DIERZITV, 74 MUKy RA(PL)ARI
NOBEECEEZRFLEL, 2], 2, BIEARZMUPLE)RIEZITV . fLOE FIEIZ
IOERISN - 3B LB ET 352 L T, Eu K —7 GaN (281} 5 Eu* DR NZR DB
BIZOWTRHFEIT-T-,

ERUZ - GaN ¥ KIT & B Ga Z KFED NH, FEKUIBWTEL THZETH
ZLDOERMIT 1100°CIZBNT 2 BEFTH D, R/ F ¥ —4»MT GaN (ZxfL T EuN % 2
mol % iR & T 5L THIZ, REHIIRE MRS — 7/ Y MERFHERUZB VTS0 WDES
T 2 R AR ZTHZETERL, fERZOBEHIXL T 1000°CH NH, FEHEKF T 1
BB DT =— V& T o7, T=—/L 1% OREHT B ONFRERIZIAH O REHE L RL
ey

[E58FHiE]

PL I (ZiXEhiE YIRE L T He-Cd L —H(40mW)Z AV, K EFEEE LD FEHA
EIZEY PL XOBRHEIT o7, BREOOBHITREL VA TERXL, REREELEIC S
WTHREREZBBMUATIRATAVA(L-3NZIIREL, DHBOAHSIZRY v M@
X, 1.0 mmn TH D, a7 7 eFay ORIFREIZIVEREIDO PL §52KRHL
77 BREHIFAY AL - NI LG HIEEBZ R WTEHAIL., BIEREIL 8K 26 300K & L7,

1 IZRhEARIIVBRIE R %ZTT, PLE BIEIZIZRIEALTREL T Xe 7> 7(100 W)EF
TIE)IaA—=FZ I ENER V. KB FHEFEEICIVEREZITo7, BIEIREIX
77 K THD,
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Study on evaporation cell and in-situ optics monitoring
for vacuum evaporation of CIGS thin films

TIRKBTEET, Ofak WEBH, S FiR. BA R, AF #
Ehime Univ.  H.Matsunaga, S.Yudate, A.Miyata, S.Shirakata

Abstract Study on a low-cost evaporation cell for the vacuum evaporation of the
CIGS thin film was carried out. The molybdenum crucible was inserted into the
graphite crucible. Deposition rate of this crucible was three times higher than that
of graphite crucible. In-situ optics monitoring of preparation of CIGS films was
carried out. For the selenization of Cu-Ga-In precursor in the vacuum chamber, the
change was observed in the reflect light intensity when the substrate temperature
increased at 300°C,which is thought to be generation of In,Se;s at this temperature.
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THY . HEEICEN-RER AL EIIR D, L, BFFERRICER S
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Carbon Nitride Nano Particles

] (L ERRL RS
Il Efk, BA FEE AN BE, RE A, W &—
Masaya Sougawa, Takahiro Sumiya, Mami Kimura, Hironobu Matsuo, Kenichi Takarabe

Okayama University of Science

Abstract The carbon nitride nano particle was synthesized by two different microwave
plasma; microwave atmospheric pressure plasma and electron cyclotron resonance (ECR)
plasma. The high nitrogen content in the carbon nitride was achieved by the microwave
atmospheric pressure plasma. The ECR-plasma sample consists of columnar structure with
820 nm long and 380 nm wide and, on the other hand, the nano spherical particles with a
diameter of about ~100 nm was synthesized by the microwave atmospheric pressure plasma.
The carbon nitride nano particle has mainly a layer structure with the interlayer distance of
3.30 A being very close to the interlayer distance of graphitic-C3;N4. The N ;5 XPS spectra of
these nano particles indicate that the layer consists of triazine cycle connected by the
bridging nitrogen but the C ;s XPS spectra are partly interpreted by this triazine-cycle-driven
layer structure.

1. IXL®HIZ

Z(LRFBIIFEEMEICa—T 4 V788, BREL 2 ERBIAVISHABHFEILTY
EMETHD, BHFEETIIINETECR 77 X<k, KKEF T X~=iEPE2HAN
TH ) BIUREODBREIT>TET, ZhETORE Ly, ERFEMEBENCL
DEREEHEHERC XPS AT M RRELS BRDEN, BEDKFEILT T 774 b CNy Iz
B9 5% Foy bO#MEETIZ, £ LT XPS AT MUIZH LWREIR 2 RA 70D TH
E35, TABO—EIX XRD FHE H1T - 7=,

2. ERFE

REERITECR 77 X<k (LUTERA), RRET 7 X~k (LLTERB) #H
WTiFo 7z, ECR 77 X~iid, BEF ¥ o —DOHHIEH%Z 10* Pa iCRFELZZ
Ny W AZEAT D, RIZYA 7 2 200W 28 A LER T 7 A~ 2R84 SHFE
77774 he 1 BERIGE S TITo T2, BBEDOTF ¥ L X—NDJESIT 2.5 Pa lZff
FLTUTo =, BERAEHITF ¥ U \—NEICHRT 2, KRET 7 X<k, ~A 7
2 E S 600 W, N, fii & 15 Umin., RIGFFRE 15 min. TIT > 72, & R3EHT SEM #£2,
XPS ¥ & BEHli 21T > 72, XRD BIE X X #IE CuK o TITo 72,
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Fig. 1. SEM image of experiment A Fig. 2. SEM image of experiment B
sample. sample.

Fig. 1 \IZFE8 A TERK L7230k SEM 8% 7~7, 18 380 nm, & 820 nm F2E D =
Sh (HAF) RTHDBZ EXGhoT-, Fig. 2 \ICER B TERL L2 ¥D SEM &%
RY, KiE~100 nm BEDOHKIRTHD Z B3 nhotz, EBRA, EBRB TARLER
BHIF /RIFTH D, Table 1 (2 XPS I X DML OHTRER 2T, MaRE L HARM
MTHDONEAEEINTWVWS, £-ERA TARLEFHEHZIB W THOT 0722 Si 23k
BTED, ZHITEKDOBRIZT 7 AE (AE) ARy EZINZ EIZLDbDE
EZz2bN5, NICHITERB TARLZEEHT 101 2R LERZRSZHENS N LA
hotz, BIEOFZEICIE, REHZIZOUSMCH bEAESNTEY . AR
X C3NH0 LR TE B Z LRGN TWND, F1=. REOBSITZENS, &8
ENTWVWD O, HiZMEBHREKE R Y NT—7FOFEEKD 2 BENFET L LE
ZTW5b,

Fig. 3 \ZEBR A, B TARB LTZRE D XPS A7 hMVERZRT, EILRFED XPS
27 MVEEICE L TiE D. Marton 5O8|EN L BBENTWS Y, Fig. 3 F 04
BIIE S DBRETHDH, Nls 27 FLD 3983 eV, Cls A7 hLdD 287.7eV I

(a) N-O (b) C-O

A sample i A sample
: e
& &
> P H
"é B sample § Siednipls |
2 ‘
£ £

404 402 400 398 396 394 202 290 288 286 284 282
Binding Energy /eV Binding Energy /eV

Fig. 3. Figure 3 (a) and (b) are the nitrogen and carbon 1s XPS spectra, respectively.
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Table 1. The composition of carbon nitride nano particles by XPS.

Experiment | C (at%) | N (at%) | O (at%) | Si (at%) N/C
A 67.3 23.5 7.6 1.6 0.35
B 45.7 46.2 8.1 - 1.01

C-Nsp’ #5A . NlIs A7 kLD 400.0eV, Cls 222 k1?2859 eV i% C-Nsp’ i & T
HDEBELTND, £ Cls A7 ML D 284.6eVDE— 7L C-Csp* fEA TH 5,
HoDOREEXSRTHEERA, BOREE HICCNHEELFDL, EBRB OREHT
CNspP’HEBAM R AL THY KR A DREHT CNsp’ FEEB K AL U TH D, £77,
Cls 27 h)L®D 284.6 eV fHED C-Csp* FEA D — 71X, EBR A ORFEHIBWVTH
EZRNTWDS, ZHIRRIGZ 7774 FRRBHRICELE-TWDHEDEEZD
ns,

T, triazine % €7 /L & 3% graphitic-C3N4(g-C3Ny)IZ B3 58 & 43 Foy & Demazeau
Ik 2EnT Y, CHN;S ZHEHEICA V., BERFHKT T 600°CE TORILIEE
ITO FHEIC L W AREITV XPS, NMR, XRD # Wi i 21T > T\ 5, XPS IZH&
B45&, E—ZRE% triazine TT /L CTitFA L TW5, 56 2MEE LT triazine H51&
EFF ML NUE,. CIEFIL triazine BPICEE L, —HEEHO C-Nsp A2 H D, NJR
FiI2 BEOMAY A b2 bbb, U &2l triazine BHD C-Nsp’ FA. b9 —olt
bridging nitrogen TH Y HIZX W &I L TW5, 51X Cls D XPS A7 hUIZEAL
T, 288.0 eV M t™— 7 |% C-Nsp” #& & (triazine cycle). 284.8 eV D t™— 2 |¥ C-Csp® & A
ERIELTWS, £ 2 EEHDON YA MIXISZH, NIs @ XPS A7 kL% 3983
eV D t'— 7 % C-Nsp” 5 & (triazine cycle). 399.9 eV ?® t'— 2 |T bridging nitrogen (& 1 3k
T 5 LiERmfHT T\ 5, Fex D XPS SHTHER & Foy b DFERZ BT 5 & | 286.0eV
5D Cls A7 MV ZRWT, WEORFETRNAX—ITEVVEZ R LTV,
triazine E T /L Tid, NOH A MKZ2BEH Y. A MO LY, C-Nsp’ A
? 398.3 eV & bridging nitrogen @ 399.9 eV @ XPS A-X7 hLBREEIT 3: 112725 2
ERTFREIND, EBRBORKEHIEA LTI, 25 NIs AT MO — 27 B8 E
Hix3:1 TH Y . triazine BHIZ C-Nsp® f54 DI TIETET D N JEF & bridging nitrogen
ELTHET A NREFEOKIZ—ET D, —F. EB A OFEHIT bridging nitrogen (Z
ERT 5 399.9eV D — 7 FEREENKE VY, ZDZ EIIN/C LD/ WEREL
WE->TNECOREATIZ. CE2BMLLE TS CN-CHHEED, sp"BDCEZIFMET
HEAL Y LERMICRID L ERBR LTS, —F, triazine PO Cls A7
UL, C-Nsp’ #4(288.0 eV)D—BEHDOLNHF SN D, EBR A, BORE TIECls
ARy "MUT 2 EEHY . —Did triazine D C YA k& —FT 5753.286.2 eV I triazine
ETIVTITFATERY, gC3Ny ET /L& LT triazine BHEE L TH L EHELLOTW
B, KFRFEDRATHETLE LTHEIAR TS THY ., 2BREFPLETH D,
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INTENSITY

1 1 1 1

d-spacing / A

Fig. 4. XRD profile of experiment B sample at the atmospheric pressure.

Fig. 4 IZEBR B TR L7ZREDOKRFETTDO XRD 7’07 74 V&Y, 3.3~4.0
AMEIZTTT a— KRR — 7 RNERTE, 3.30 AL 386 AICEELEET S L
MT&ED, 330 A (E—27¥fEm 030 A) ov—27i1% AB B2V A#HEF-
graphitic-C3N, O BRI ERE & —E 9 5, Z 0w, 77 774 + L RREDEMEE
PTRTZENEETO XRD ERIZE VW SA0roTWnb, £z, 386 AL 330 Aoz
12056 AL/hEWvy, 386 AIZXIET H2BEIZOVWTIISERORFVBVLETH S, L
EXy, XFRFIERCEDCRVBREELX AT LELLND,

4. &0

BEGREID N/IC R LLIIRRIE T T X<{ETIX 1.01, ECR 77 X~<{ET1X 035 T
b, ZTORRNL, KKRET T XA<EEZRAWS L ECR 7' A<iEIZHATH 3 %
BEEESHBODZ VRSN TRETH S, £7-. XRD BIEIZ LiEART /KT
TR LEORVWBREE L O, KRIEERT 7 XA~ TR LIZELIRFE T /R T
D Nls XPS 2227 hJUT 2O 6R20D . TOTRNVF—IECIERE I triazine &
BT HRET NV TS EBMETE S, —F., ClsXPS A7 MNUIZDRBETNLT
IXEENTERY, L LAEROKRKIEERT 7 A~ TEK LIZEZLRET /HLFD
XPS A7 MWL, RIIGT T 7 74 FHH(284.6 eV)D Cls XPS A7 KL &RV
THEMEND D, ZOZLIIRKREER T 7 A~TEK LI-EILIRFET / RLF 3 iAE
RRFTEENORIBEEZALTNDL I LxTFRISHES,

BE IR

1) Tabuchietal., Jpn. J. Appl. Phys. 46, 1596(2007).

2) Tabuchi et al., Microwave2004 Proceedings: International Symposium on Microwave
Science and Its Application to Related Fields, 449(2004).

3) D. Marton et al., Physical Review Letters, 73, 118(1994).

4) Foyetal., J. Solid State Chem., 182, 165(2009).
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N-doped ZnSe/GaAs grown by molecular beam epitaxy

C&EEE AL FIFER2, KkLFiFE2, k@ B2
We EES;1, KA IEFL2
IR AR FERFER, [ LR K2
“Naoto Kaneshige, Teruaki Kawahara, Kazutaka Yoneyama, Minoru Yoneta
Yuto Banden, Masakazu Ohishi

Okayama University of Science

Abstruct The nitrogen doped ZnSe films have been grown by radio-frequency
molecular beam epitaxy. The growth rate of the ZnSe films was decreased with
the N, flow-rate. The ZnSe(100) surface exhibited its stable state of 2x1
reconstruction during 3 hours growth. The root mean square of the surface
roughness was constant value of 3-4nm, but the small grain production was
occurred with increasing the N, gas flow-rate.

1. X

CdSeB K ETF Ky MIFRB~FRE TORNEEFME & L THIFF I, CdSe
BF Ry F2RAWVWERET A ZOMENRSEOMFEEE CERI N VY, ZOT
NA A TIX. CapB X Ubuffer & 72 5ZnSe/@ D= EMFIHE NARFIRTH D, LiL,
InSe-E (KT B COHENENEL . 727 XA R ERFML TH, BEBSEEHR
7R p BUL P ER A EBRTHZ L IIEFICHETH 125, Ma—, BERT T X~ 2 FIH
LT 287 F—F—E L TDHRT, Bx DT /34 RZFIHATRER p B ZnSe - E A8
EHINTWBY, L, BERTST7AVERFHEOBVICEE LT, BxOEFRYS
7 X< F&HT CERPMInSe L EEEERR O REERIIFA L STV W, RIFER
TiX, ERFEMInSe - BREED F@E 2 BRMG2IRD 12D, BR TS 7 A~vRAEE
BEBIEDTFHRIEC X —EBEARAWVWT, BE ST X ARSI InSeEEDO R
RIZEZ BEZBIZHOWTHRNT,

2. EBRFE

AFFICIIBEAR T 7 A~ BAEKB WA -0 FRT ¥ X — (RF-MBE) %8 %
AWz, BEFEMRIT GaAs (100) BiES TH D, 1, GaAs BRESEREZBIEL, €V
TF UMY IR NE —IZ In BN LU TEY 1572, 0%, MBE B+ TH—~ /L
2V —= 7 %# 540°C TEM L. 250°CIZHEIR L TRRIEER 1T o7, o FHRICIX
EREHIH(N), EREL (N ZHAW:E, $7-. ERT T XAERAEIRBHDIT,
TEHRH X (6N) IIEBEHRETE (S 13.56MHz) ZEIMNML ., EFEH A E% 0. 5scem
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25 3. 0scem, = EIEENINE 1% OW~300W @
SETHIE L7z, 28, RETIIRNEEE
F#REIHT (RHEED) EIZTEFOBEEL., K
BIZEFRANBEMEE AFM) IZTREE 7 4+ 1
C—BRAEIToT,

3. BREBLUERE

AR ER T T X< A7 MLEE 11
Y, 2T, EXEMERB LOHMENIZZ
NFH 1. Oscem, 150WCTH D, AIMENEHENIZ S v
—TREXNSHBEIN:, PHEERET
(Newtral atoms) {ZHFT HFENDS 409. 99nm
2, EFA 4 (Singly ionized) IZ X 2 FH
25 566nmICTEET 5 Z ENREENTWVB,
L, TNOLOREEE—I 2R+ 52 L
I TERnoTz, 277, BIEIN-EXR
X7 MVITEBIZV Yy —TTHY, EFRET
LB A EREBEM L TWVWHEEZD
ns,

BRI T A<AXT NVOHIMEAB IO
EMEKRFIZOW TR, HINEHIRFESE
BFRL-DIC, HAFKEE 1. 0scem ([ZEE

Gas : N_(6N) * Amenican Institute of physics Handbook
2
Flow rate : 1.0sccm
Power : 150W
Newtral atoms
3 - 41099
s L S /
=
7}
=
o]
£
s 56798
56666 o
Singly ionized

200 300 400 500 600 700
Wavelength (nm)

1.EE ST A< AT ML,

Gas: N.(6N) f=13.56MHz
Flow rate : 1.0sccm

S

.4

=

@ .

5 input power

g 250 W

50 W Tk e AP
r
200 300 400 500 600 700

Wavelength (nm)

2. EIINEBE KA.

L. HIJINE N Z 508 725 2500 £ TELSH T, TENENDFHENLART M ZEEL
7- (K 2), ENINE A OEEIIEV, B HE— 7 SEEITHEFAEMLU 7=, L LR 5,
AEBRZBL THEB LA A ML LEERR o0 NITBEIN 1o T2, F
VBRI TATENANY MVIERT ATEOEIMIEN ZOFRIETRE I 2scem
FTHEIML, SOIERTARELBINT S LHENME TR Lz, ZHWIEHRT T

0.3 10°
10°
<
= Partial pressure 2
E Of NZ 1 0 E
:
o o &
.g 0.2 10 =
< 1. - Sy
C] 10° 3
10
Total pressure
10°
0.1
0 1 2 3

N, flow rate (sccm)

3. REE L ERT R EDRME.

A2 ERAEZLEWVEL EOT 21X —
BB TENERT AREBIZIE L TEL
THZ LI 60,

EIER R L EE N A FREOBERMEA 3
WZRd, HUINESD 1508 o7 — & 27, KE
HEIRE 2 R CEl > TR L. R
HAFEMN 1.0scem D & &, RERFEEIT 0.25
um/ s THOTN. ER T AREOEIMZHF -
THREEENB/D L RE 2. 5scem (ZBWTHE
0.16 um/s (2D LTz, ZDZ & GEINER
EERELERTAREOMICHAEZRELH S
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ZEML Do T, T OMERNIETINE 771 50W 226 200W D6 THERR S iz, F72.
3L0., BERTRAREOEIMIED, 77 AHEBENDOERSEFR L OVMBE kiR
BAOEENEML T\ 5, B, EXTRAREOEIMIE-> T, EREF- 5 FE
DO E BITENED L. ERFE LT InSe BEERKICEET 5, EREF - HFN
BT B AEEE A RIE L TV D,

ST, ZnSed L VGaAs F-EEDIEFERITIEN T 5.669A (d,..).5.6564A (d,,,.)
THY FORTFREEEN0.26% (=(dye— de,)/ dys) & BN E N ENb,
GaAsHEIK|(IZnSe~T o T EX XL v L ERERE L THWONTEZ, £Z T,
FHMNZnSe IR R D FEBRIZH I - T, GaAs (100) FEfR E~ZnSe/EEA KE L. &
WA [110] FAIh b+ DBEE LU/-RHEED& 2 X 4 (a) I, —~nT—1 7
%12, GaAsFEARFE DORHEEDE NI I 7=723, RAERELE 1 5% I3 ZnSeEER E H>
O BABEZ2RHEED & 23 & L, 10 %LU R MY — 7 2882 L7, 3 BpEiE%, 1
2.2umEDEEEZGS Z LN TE, ABEEEIEN 0. 2nm/s TH - 72,

RIZ, BFET 7 A2BH T D InSe HIEME F® RHEED BIEFHERZX 4 (b), ()T
T, FINEHZ I5SOWICEEL., EFEV AFKESR 1scem & 2scem (2L THRUE L 7=,
FRIERRE | DZRIZIIY 7 A N — o 388 E N, x2 OB ERREHEEE N, &
7o, BERTAREOEIMIE U T, REAHEICHDBFEAEMLZ, 2, £
RAAREOEMI THRIEEENBD L2t ek L T\ 5, 28, BAFEZRZ MY

kel11110] Non 1scem 2scem

Just after

thermal
cleaning
N plasma
irrad
Tmin
10min
3h
{a) (b) (c)
M4, E¥FE7 T A~ X7z ZnSe &7 RHEED {4

2
ZEFE T A & (a) non-doped, (b)lscem, (c)2scem.
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— 7 @BNRBEIN, &V 2KRITEEEAET

HEENEEL TWA I ENTHoT-,
IR TH#% . AFMEEZ2 AV TKRERE

FTCEREE7+ Ly —8B(ELT-7/-, K5

//

F10umX10um DBEHRTH D, BE - \

FEOHE (RMS) ITER N R FHBIZEF ST g“ | ® ¢ e

3~4nm TH o TN BEFR VT AREDEINIT ©,

o T, REBRIRIN S < 72 5 BF 2 BLE . © 150uRMS

SNz, ZOIRBT, IEEE DK TIZ T, ° N, fowrste (aem)

RE RSO HH SN TN D Z X5, EEET 40— L RS O
LERLTND, I FEAATIE.

4. fEi

NFBRIEI X —EEAVTER T I ABHE FTnSez V¥ XU v LR %
Theotz, BEN ZAREBIZLEV InSe IO pAEEE 2B L7-, LA L. RHEED £ D
ZTOHZEEND, EXT T AHBHE FTHLEW 2IRITFHEMZH 2 72 InSe EiE% AL
B2 ENTEDLI L AR LI AMMBEL Y BRREME ST 3 Th o723,
BRITAMBIZIE LTI LA YA ZAPNEL B EDRhroTz,

A
ARFFENL SR B FE OFSLRFAN IR @ A M FE3E (PR 21 FREE-TRL 25 SR )
(L DRERIR 2 S TITh LT,

B E B
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2)  K.Ohkuno, H.Oku, Y.Araki, N.Nagata and J.Saraie, J.Cryst.Growth. 301-302, (2007)
755-758.

3) M.Yoneta, M.Ohishi, H.Saito, N.Jinnai, T. Ohno, J.Cryst.Growth. 184-185 (1998)
455-458.

4) 1. Suemune, H. Ohsawa, T. Tawara, H. Machida, N. Shimoyama, J. Cryst. Growth.
214-215 (2000) 562-566.

5)  Y.Yamada, T.Taguchi, J.Cryst. Growth. 99 (1990) 408-412.

6) K.Ohkawa, T.Karasawa and T. Mitsuyu, Jpn.J.Appl.Phys. 30 (1991) L152-L155.

7)  Dwight E. Gray, American Institute of Physics Handbook, Third Edition, Mcgraw-Hill
(Tx), 1972, p.7-27.

—122—



ISAYHEFS SRR RIS
Rk 2 14EE R SE

F1TH 2010 4E 3 A 20 A3&T
HRE - FAT HEEN ICRYRES
LT AHEREM PH S

http://annex.jsap.or.jp/tmc/

ARFER B








