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Optical Properties of chalcopyrite-type compounds

FRY EF LFHRET LFEH* B
=RFE BRI —B, BA #HE B ER
Hidenori Mimura, Yoichiro Neo, Toru Aoki, Yoku Inoue, Makoto Tomita
Research Institute of Electronics, Faculty of Engineering*, Faculty of Science**, Shizuoka University

Abstract  We are developing a double-gated field emitter with a capability of focusing
an electron beam and novel phosphors with a waveguide or a small cavity for an ultra-fine
field emission display having a several-hundred-order pixel. The paper describes the
focusing characteristics of the volcano-type double-gated field emitter which we have
proposed and fabricated, and cathodoluminescence characteristics of the GaN nanopillars
and the TiO,:Eu’" microspheres.
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Fig. 2 Beam patterns displayed on a phosphor anode for the layered double—gated field emitter
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Fig. 3 Beam patterns displayed on a phosphor anode for the in-plane double—gated field emitter
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Fig. 4 Vocano-type double-gated field emitter; (a) cross sectional SEM image and (b) top view.
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Fig. 5 Beam patterns displayed on a phosphor anode; (a) non-focusing and (b) focusing.
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Fig.6 Concept of novel phosphors with an optical waveguide and a small cavity
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Fig. 7 SEM images of the GaN nanopillars
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Fig. 8 CL characteristics of the GaN nanopillars
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TiO,:Eu3* microsphere

Fig. 9 SEM image of the TiO2:Eu’" sphere
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Fig. 10 CL spectra from TiO2 :Eu** (a) in the form of agglomerated irregular powders; (b), (c), and (d) are
from microspheres of d=6.2, 8.1, and 12.2 in diameter, respectively.
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Photon-counting X-ray imaging
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Synthesis and Characterization of
New Green Phosphor for White LED

K. Uheda, S. Shimooka, M. Mikami, H. Imura and N. Kijima

Mitsubishi Chemical Group Science and Technology Research Center, Inc.
1000 Kamoshida-cho, Aoba-ku, Yokohama 227-8502, Japan

ABSTRACT

A new host material doped with rare-earth
element, (Ba,Eu)3SisO1,N, was synthesized under
a reducing atmosphere. The crystal structure of the

host lattice belonging to space group P3 was
successfully determined by a new protocol
combining X-ray powder diffraction analysis with
first-principles calculation. It has been clarified that
the compound has potential as an efficient green
phosphor with high color purity for white LED, owing
to its much smaller thermal quenching than
(Ba,Sr,Eu),SiOg.

1. INTRODUCTION

in the white LED market where the share of
(Y,Ce)sAlsO12 is in majority for general lighting use,
the share of green and red phosphors have been
gradually increasing owing to the capability of a
larger area of color reproduction for LCD backlight
in cell phone and flat panel display. Typical
candidates are, for example, (M,Eu)ZSiO‘«,1 and
(Ca,Eu)AISiN32 for green and red phosphor,
respectively (M: alkaline-earth element).

Still, the strong thermal quenching of
luminescence in (M,Eu),;SiO,' motivates us to
explore new multinary green phosphors such as
M-Si-O-N composition. As such chemical
combination, MSi;O,N;® and BasSisOsNs* have
been well-known, but it has not been reported that
the both compounds with rare-earth dopant work as
efficient green phosphors for such purpose.

In the present work, we have successfully
synthesized the new green phosphor,
(Ba,Eu);Sis012N.°. We have also identified the
crystal structure of the host material by the new
protocol combining X-ray powder diffraction analysis
and first-principles study as described below.
Although the new compound Ba3zSigO12N2 looks
similar with Ba;SisOgN4 from the viewpoint of crystal
structure and chemical formula, we have noticed
that (Ba,Eu)3SisOgN4 exhibits blue-green
luminescence only at low temperatures (i.e. little
luminescence at room temperature), whereas
(Ba,Eu);SisO12N2 exhibits green luminescence with
thermal quenching smaller than that of
(Ba,Sr,Eu)2SiOy.

In this report, the crystal structure and some
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optical properties of the new green phosphor are
described. The interpretation of the origin of the
different properties between (Ba,Eu)sSisO12N, and
(Ba,Eu)3SisOgN,4 are briefly described; the details
will be given elsewhere®.

2. Experimental procedure
2.1 Synthesis

All starting materials, BaCO3; (Hakushin Chemical
Laboratory Co., Ltd., 98%), SiO, (Tatsumori Co.,
Ltd., 99.999%), SizN4 (Ube Industries Ltd., SN-E10)
and Eu,0; (Shin-Etsu Chemical Co., Ltd., 99.99%),
were used without further purification. BaCO3;, SiO,,
and Eu,O; were weighted to be the molar ratio
corresponding to nominal composition  of
(Ba1.x, EUy)3Sic012N2 or (Bas-x,Eu,)sSisOgNg (x=0 or
0.06) and mixed in an alumina mortar. The mixed
powder in an alumina crucible, which was left in a
muffle furnace, was fired at temperatures ranging

from 1000 to 1600 °C for 0.5 ~24 h in a stream of

reducing mixture gas of H,-N,. Each powder was
ground in an alumina mortar again and then washed
in a weak acid, thoroughly. Finally, all of the
powders were dried at 120 °C for 3h.
2.2 Structure determination

The powder of non-doped BazSisO2N. was
further pulverized in an alumina mortar and then
dispersed in ethanol. The suspension was pipetted
onto microglide and air-dried at room temperature.
The particles were observed by a transmission
electron microscope, TEM. (FEI COMPANY™
Tecnai G® F20) with a built-in MultiScan CCD
camera (Gatan Inc., GIF2001) at an accelerating
voltage of 200kV. After detecting the presence of Ba
and N in a particle by an energy dispersive X-ray
(EDX) analysis system (Gantan, GIF2001), the
electron diffraction patterns were taken at the
camera constant (AL) of 2.44 nm mm by an Imaging
plate (IP) installed on the microscope and obtained
by an IP reader with a pixel size of 17.5 pm
(DITABIS AG, micron). Indexing was carried out
from the diffraction data by using software (Gatan,
DigitalMicrograph).

The lattice constants were refined from the x-ray
powder diffraction (XRPD) using Cu Ka,; radiation
under 45 kV and 40 mA (PANalytical, X'Pert MPD).



The crystal structure was initially guessed by the
program EXPO’, and the model was optimized by
first-principles band structure calculation (The
ABINIT code)®. The structure was successively
refined by the Rietveld method using RIETAN-2000
program?®.

o1

(c)
Fig. 1 Projections of the wunit cell of
BasSisO1,N, viewed along the ¢ axis (a) and b
axis (b), and two coordination environments
around Ba** ion (c).

Ba:@, Si:#, O: and N:e
2.3 Charactarization
Excitation and Emission spectra of

(Ba,Eu)3SisO12N2 and (Ba,Eu)sSisOgN, phosphors
were measured at temperatures up to 300 K using a
fluorescence spectrophotometer (F-4500, Hitachi)
with a xenon lamp (150 W, Hamamatsu Photonics
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K.K.)) and a cryostat. Under the irradiation at 455 nm
corresponding to the wavelength emitted from a
current blue LED chip, both emission peak
intensities of (Ba,Eu);SisO12N2 and (Ba,Sr,Eu),SiO,
were also measured at temperatures of 20 to 150°C
by a measuring system including a multi channel
photo detector (Otsuka Electronics Co., Ltd.,
MCPD-7000) as a spectrophotometer, a luminance
colorimeter (Topcon Co., Ltd., BM5A) as a
luminance meter, a stage with both peltier cooler
and resistance heater, a xenon lamp (150 W,
Hamamatsu Photonics KK.) as a light source and
sSo on.

Using BaSO,4 powder (Kanto Chemical Co., Ltd.,
95%) as a white reference, diffuse reflectance
spectra of both non-doped samples, BazSisO12N,
and BasSisOgNs, were measured at room
temperature by a spectrophotometer (U-3310,
Hitachi) equipped with an integrating sphere of
60-mm inner diameter with a sprayed BaSO,
coating.

Absorption, internal and external quantum
efficiencies at 455 nm of the excitation wavelength
were measured by the system integrating the
MCPD-7000 spectrofluorometer with an integrated
sphere.

3. Results and Discussion
3.1 Crystal structure of Ba;SisO12N;

After analysis of electron diffraction spot patterns
of BasSigO1,N, following the extinction rule,

candidates for crystal symmetry, P3, P3, etc., were
first narrowed in number, and lattice constants were
also computed approximately at a=7.48(1) and
c=6.47(1). The chemical composition based on a
mixture ratio of starting materials, was confirmed by
the crystal symmetry, P3. The number of formula
units in the unit cell was estimated at Z=1 by the
experimental density (=4.13 g/cm®) of BasSisO1.N,
powder with a pycnometer.

By using the lattice constants further refined from
XRPD and P3, EXPO was performed to propose an
initial model of the crystal structure of BazSisO12N,.
This model was optimized by the first-principles
band structure calculation based on density
functional theory. The optimized model revealed the
crystal structure had inversion symmetry, which
could not be detected only by x-ray diffraction

analysis. As a result, P3 had to be replaced with P3 .
Finally, all of the crystallographic parameters were
refined with X-ray diffraction data using
RIETAN-2000. The crystallographic data are
summarized in table 1.



Table 1 Crystallographic data of BasSigO12N,.

System Trigonal

Space group, No P3 (No. 147)

Lattice parameters /A | a=7.5046(8) | ¢=6.4703(5)
Atomic coordinates

Label X y z

Ba1 0 0 0

Ba2 1/3 2/3 0.1039(2)
Si1 0.2366(6) | 0.8310(6) 0.6212(8)
N1 1/3 2/3 0.568(3)
o1 0.356(2) 0.295(2) 0.173(1)
02 0.000(1) 0.681(1) 0.589(2)

Fig. 1 (a) shows a projection along ¢ of the
hexagonal unit cell of Ba;SisO12N2> showing fused
rings. The fused rings-sheet,
2usi o PPN D)o % is composed of
8-membered Si-(O,N) and 12-membered Si-O rings.
The topology of the sheet looks similar with that of
Be,SiO, (phenacite)'®.

The compound is built up of corner sharing SiOsN
tetrahedra forming corrugated layers between which
the Ba*" ions are located.

As shown in Fig. 1 (c), Ba atoms occupy two
different sites; one is trigonal anti-prism (distorted
octahedron) with six oxygen atoms and the other is
the anti-prism further capped with a nitrogen atom.

-

3.2 Excitation and Emission spectra

Fig. 3 shows the excitation (a) and emission (b)
spectra of (Ba,Eu)s;SisO12N2 at room temperature.
As shown in Fig. 3 (a), the broad excitation bands
are observed in wavelengths ranging from 250 to
500 nm, which are assigned to the allowed
transition from 4f' grand state to 5d state of Eu**
because the host Ilattice absorption band is
observed below 300 nm in the diffuse reflectance
spectrum of non-doped BasSisO12N2°. On the other
hand, the broad green emission spectrum with the
full-width at half-amplitude (FWHA) of 68 nm is
observed at 525 nm due to the 5d —4f transition of
Eu®*. The broad excitation band originates from the
superposition of Eu-O and Eu-N crystal field
splitting"’.

As shown in Fig. 3, (Ba,Eu)3SisO1,N; has the
efficient and intense green emission at room
temperature under the irradiation at 400 or 455
nm corresponding to the emission wavelength
from a near UV or blue InGaN chip. The phosphor
will be suitable for LED backlight in LCD owing to
exhibiting the higher green color purity with the
CIE color coordinates (x,y) of 0.274 and 0.644
which is similar to those of (Ba,Sr,Eu),SiO,,

3.3 Quantum efficiency

Table 2 represents the absorption, internal, and
external efficiencies of (Bai.,Eux)3SisO12N; in order
to compare to those efficiencies of the standard
yellow phosphor, (Y,Ce)sAlsO1, (YAG, P46-Y3'")
under the blue light at 455 nm.

3 Table 2 Absorption, internal, and external
° efficiencies of (Ba1x,Eux)3SigO12N> and
%‘ (Y,Ce)3Als012 (YAG, P46-Y3) at 455 nm.
8 Absorption | Internal External
[= o= 3 =
— efficiency efficiency efficiency
0 . , . (Ba,Eu)sSigO1N, 0.77 0.82 0.64
250 300 350 400 450 500 YAG (P46-Y3) 0.68 0.88 0.60
Wavelength / nm
(@) 3.4 Thermal Quenching
As shown in Fig.4, the green phosphor has much
Peak wavelength= 525 nm S0 F<
3 FWHM= 68 nm 2
© 2
— .Z,
£ S50 - e e A T
3 'c (Ba,Sr.Eu),SI0,
[ o :
£ o :
°2 ;
0 LIE.I 0 I |
450 500 550 600 650 700 0 50 100 150 200
Wavelength / nm Temperature / °C
(b) Fig. 4 Dependence of emission intensity for

Fig. 3 Excitation (a) and emission (b) spectra
of the new green phosphor, (Ba,Eu);SigO12Ns.

(Ba,EU)3Si5012N2 and (Ba,Sr,Eu)28i04 on
temperatures ranging from room
temperature to 150°C.




smaller thermal quenching than (Ba,Sr,Eu),SiO,.
Therefore, this green phosphor appears excellent
for white LED.

As shown in Fig. 5 (a), the peak position and
intensity of the emission spectrum of
(Ba,Eu)sSisO12N; at 4 K was shifted to little shorter
wavelength and slightly decreased up to 300K,
respectively, while decreasing blue-green emission
intensity of (Ba,Eu);SisOgN4 was only observed at
temperatures from 4 to 300K. The blue shift of the
luminescence of 525 ((Ba,Eu);SisO12N2) to 480 nm
((Ba,Eu)3SisOgN,) originated from the weak crystal
splitting due to the Ba(Eu)-N bond length in
(Ba,Eu)sSisOgN,4 (about 3.2 A) longer than that in
(Ba,Eu)sSisO12N; (about 3.0 A). Fig. 5 (b) showed
clearly that blue-green emission from
(Ba,Eu)3SigcOgNs is not observed at room
temperature. The thermal quenching of the
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Fig. 5 Emission spectra of (Ba,Eu);SisO12N>
(a) and (Ba,Eu)sSisOgN4 (b), which were
excited at 310 and 340 nm respectively, for
various temperatures.
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luminescence can be ascribed to the thermal
ionization of the 5d electron of Eu®** to the
conduction band, because we did not see large
difference in Stokes shift. From the viewpoint that
the band gap and the weak crystal field splitting in
BasSigOgNs is smaller than those in BasSisO12N»
res;:-ectively, the energy gap between 5d levels of
Eu“* and conduction bands appears effectively
smaller than that of (Ba,Eu);SisO1,N,. The detailed
analysis will be published elsewhere®.
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Cu(In, Ga)S, & &t D Y FHIFEfih
Optical Properties of Cu(In, Ga)S, Crystals

RERTEREFMEED, FBRFIERY
LR D, RAH—ERD, BELRD, EfR D, FfReal D,
IR Y, FEHE?

M. Yamazaki®, K. Oishi", K. Ebina?, K. Jimbo", H. Katagiril), S. Kobayashiz), N. Tsuboi?
Nagaoka National Coll. Technol.”,  Fac. of Eng., Niigata Univ.?

Abstract Cu(In, Ga)S; crystals have been grown from the melt using constituent elementary
substance as source. Optical properties of the crystals have been studied by means of
photo-acoustic spectroscopy and photo-luminescence measurements. Band gap energies,
estimated from the photo-acoustic spectra, showed continuous change corresponding to the
composition. Two broad emissions were observed.

1. FLBHIC

—fRIZE R LT Si O KBEEMOBEGRT RLX—EHEZNERITN 28% (AM 1.5) LA
BbLoh, EMREREL L TIHH 24%E TERINTWER, ILICERbEE
KT DI X LEEEERTILERH D, 28N - Z U FLEET Si 24 b
LENELTERERE, BREBRDLRINULLLRD Ny 7LD FEXY v

1359 1.6~2.0 eV EBESHTWDE Y, Fxi, by A OEE LT CulnSy(Eg=
;’rs 1.5eV) & CuGaSy(Eg=HJ 2.5eV)DiR TH 5 Cu(In,Ga)Sy R L TV 5 23, AHF
FETIX, Cu(ln, Ga)S; DEMBMMHEZRARDL 7=, BRLIZE W VI iESEEER L,
FBRRS3HT (EDS), X BRIEIHT (XRD) THEEAENT % L, JFA0%E 2 T B 5k (PAS)
7+ MLIxvER (PL) TEHME L7,

2. ##

Cu(5N), In(5N), Ga(6N), S(6N)% 3x107 [Pa]uTTEﬁiﬂ‘/f/vm_EWﬁ)\b
1LIS0CTH@ L7~, In & Ga DFREHEREZEZX T, %ﬂﬁjw)ﬁfiééﬂ'%ﬁ?ﬁzbto
LN-REL DAL, CuGaS, 122V Tld, orange & dark blue DER4y D _FHIZ %ﬁb
TV, Z0MoxENT, 13T Th o2, EDS OHIERFERTIL, MktbiitiE
HERIZIFIT R LTV 228, Ga-rich l(>=0.5)R% CTix, MEBD 2L 2 2EAE1RH
>72, XRD DRIEHERIY, 2 TORBHIBWTEF@BRDO AN a4 T 4 MEESR
A0 101 BT —27 BEAI SN T-, BTFEEK iffﬂﬁjzx wdbf EHeF L TR L,
Vegard AIZHE T /ER & 72 o 77, P S —

.
=
=]

3. XFRIFTM L B

HBFELSIIE T/ Nigftir O IRt
i L7z, R1LICERBIONRFTERRS K
NETRT, RIDARART hLiX, CulngGaixS;
& LTEDS 2 63R 72 x DEDZEDH 0.000,
0.093, 0.190, 0.287, 0.375, 0.503, 0.797, 0.888, [T e
0.772, 0.896, 1.00 DKL CHRIE SN /ERT 10 15 2.0 25
Ho. K2 GC%%QJH—O)%%@X/\C’ﬁ }j/l/ﬁ)ro Fig.1 Photo-aclgllf:fiz}ss:thyr;eZ% Culn; xGa,S;
RNV FX Yy 72X LX—DH# crystals with different compositions.
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Fig. 3 PL at 13-15K.
= e Fig. 4 Temperature dependence of PL specra.
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TiInSe, DA ER RN BEFOK : NV FBEOREE(L

Angle-resolved photoemission spectroscopy of TlInSe; :
Temperature dependence of band structure

KIRFFARRE L', FEIK I° ERBEHHE, 7L O oBETHT I
ZEAT LA =AThRER'. BEfSE, FEEES, BREE
mlA—! ARBEEIC, KO%HEP. Guseyn Ordozhev®, Nazim Mamedov®

Osaka Pref. Univ.l', Chiba Inst. Tech.z, HSRC Hiroshima Univ.} .
Azerbaijan Nat. Acad. Sci.*
K. Abel, Y. Shim!, K. Mimural, K. Wakita?, M. Arita’, Y. Taguchi3 , K. Ichikawal,
H. Namatame®, M. Taniguchi3, G. Ordozhev*, N. Mamedov*

Abstract TlInSe, with quasi one-dimensional chain structure and a giant Seebeck
coefficient of more than 10° uV/K below 140 °C has been investigated by means of
angle-resolved photoemission spectroscopy at 50 K and 280 K. The obtained energy bands
correspond roughly to the calculated bands and show quite remarkable dispersion in the
direction normal to chains. A doubtless shift toward lower binding energies and formation of
mini-gap-like structure are observed in the experimental energy bands with temperature
reduced to 50 K. These features are attributed to a commensurate phase due to the phase

transition from an incommensurate one for T1InSe,.

1. IC®IZ
=RXTUEAHTIInSeyiE. Fig. 1. () TrRT X 9 ICIEF@DE—RITTEE 2 FF ol da
ThY., ZOEKEHIISEAMERR L RT3 ERFEREE 2 RT, £&E
4 I 3ITInSe, DEVEHRME L L TEIEND 140 COBREZLHEIZIH VT 10° pWKDOE K
RE—Ry 7R ERE LY, ZOBKRRY—Ry 725X, LRIEBELGRE T,
TlnSe, DFEERIEEN A 2 A =2 L— ME (ICH) IZHEER L, F/ ZMEFAEE
Y BABKRFEBELZEKT 52720 EB X TW5, RIFFETIL, TlinSe, D B4y fiF
HEFm5K (ARPES) BIEZITV, NV MEEDIREZEIZT OV TR,

2. ZERFE

BERARBELT, 7V oV~ B LV IERIN - BE#ESATIInSe, 2 AV 72,
ARPESHIEILE B REBFANB FHEL L F—OARE T V2L —FE—LT A4
VNE LT RO RREEF = Rt AW TiTo 2, BIEA® (110) {Ei%mE
X 8X10" TorrA FOBEEZE T CleMmE BT 2 LItk B/, ARPESA~Z b
I, 114 eVORE= R L —2 AW T, ABO—RTHFmicxt L TET (T-H-T)
BLOEE ([-N) Z2HMICH-> TRIE L7 (Fig. 1. (b) 28R), = RXAX—5fEHEIX S
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(a) (b)
Fig. 1. Crystal structure of TlInSe; (a) and Brillouin zone (b).

meV. & ESEREIZ 0.5° LT TH 5D, £7-. ARPES HIEIBEIZ 50K & 280K & L=,

3. MRLBE

Fig. 2. (a) |2 50 K IZ3\T B iEda D ¢ #Z AT RT-H-THRIZIHR - TH b7z ARPES
2~ h V&Y, Fig. 2. (b) 1X ARPES A2 M OAEFEREFEICEHZL, K
HEARERAWTRDIEAY FEETH D, KOBEWERD /N RIZHIGT 287 & 72
%, £72. LAPWELVHE I ) —< VHEIZBIT 530 FEE % Fig. 2. () 1R
3, MEELKET S L, BIRICE DN MEELHE IR Y FEEIIRENITH
JELTWBZ ERghd,

FIRIZ, c BHIZEERT-NAMIZIHE > TEOLIVZHER % Fig. 3. (a), (b), (c) IZZNF

T o T

T
TiinSep i
hv=1td4eV H
T-H-T (kylic) ¥

Intensity (arb. units)
Binding Enorgy (eV)

ot e

2 3 2 10 ———
(a) Binding Friergy (aV) (b) (c)

Fig. 2. (a) The ARPES spectra along I'-H-T direction of TlInSe, at 50K. (b) The experimental band
along I'-H-T direction of TlInSe, obtained from ARPES spectra. (c) The LAPW band calculation of
TlInSe, at Normal phase.
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hv=114¢V
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T=50K

Intensity (arb. units)
Binding Enetgy (eV)

(a) Sl Ereyiey) (b (©)

Fig. 3. (@) The ARPES spectra along I'-N direction of TlInSe; at 50 K. (b) The experimental band along
I'-N direction of TlInSe, obtained from ARPES spectra. (c) The LAPW band calculation of TlInSe, at

Normal phase.
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RICT-NF A THONTRERE the ARPES spectra at 50 K and 280 K
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Fig. 4. (b) 27,
-H-TH R &
FRIC, IBEOEKT
WZHEH 2R L
BEOKFEETX
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E NPV - 3 Fig. 5. The ARPES spectra at H point in I'-H-T line at 280 K and 50 K.
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AN A EuGa,S4 ?%H%O)?ﬂzﬁﬁ
Characterization of sputtered EuGa,S, thin films by comparison of
photoluminescence excitation, photoacoustic and absorption spectra

TAER D, ERERY, RAEM?, REHS "
VREE TR K, TRMERRS

M. Dohi"”, M. Uehara?, M. Yagi® and S. Iida"
D Shizuoka Institute of Science and Technology,
?) Takuma National College of Technology

Abstract Films were deposited on fused quartz plate substrates by rf sputtering with an
EuGa,S, target. The films annealed at 850 or 900 ‘C showed photoluminescence (PL) of
Eu*. In order to elucidate the relations among photoluminescence excitation (PLE),
photoacoustic (PAS) and absorption (ABS) spectra, reflection and scattering at the surface of
the films were taken into account. By this treatment, fairly consistent result was found among
these spectra. The calculated values of PLE/(PLE+PAS) are shown to be dependent on the
wavelength. This means that the optical transition spectra of the films are inhomogeneous.

1. iz

{LFERENIIEED TH D EuGaySs 13X, Eu BAEFLRENE L . BAEFIEL
RNABFEAERLEN 06, L—Y—~DIGARGRENTWS D | /- #
Blhic X 2mEBEHE L —F—DIEROFREELEZE 2 6D, SE, FTxITA v E Y
TIEIZE Y EuGaySy BIRZER L, FEBBARY M OB—HZF, SR L —
P —ORBEMEFERELZHES Z L2 BMIC, BIEDORIE A~ FUW(PLE), XEEAX
7 R JV(PAS). BRI AT MJUABS)ZHIE L. B L7=,

2. ZERF®E

BEOEFUZ DWW TIE, LARTERE LT3 Y, BRI THEHEK EuS (M 99.9 %) &
IR GaS; (MEE 99.99 %) #FENLL1 : 1 TRLLBEALYE, AHERI Y F—IT
ANTEZEIZGIW =%, 0.5 atm @ He ZKEXH 955 CT6 Kl 7 =—nL L., #—%
v hEERILTZ, ARy ZEOERIZIE of ~7 R bor Ry Z%EE (ANELVA
FP-21) ZfERA L. Ar ZEKH., 400 W, 30 43T, ZBHABERATRER (10x10%0.5 mm)
Fiz, BE 1] um DEZHESEZ, 29 LTERLAZRENT., S &L bichrEil
YU —IZEAL, BEZEIZEIW &, 0.5 atm D Ar FFEKH., 850 TR X 1V900 C
T3 T7T=—1 L7,

ER L 72D FE KA XY FV(PL), PLE, ~A 7 v &% AV 2 PAS, BX O
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Fig.1 PL, PLE, PAS and ABS spectra (900 C).
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film surface, and reflection R, at interface.
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Optical properties of AgGaSe2 bulk crystals grown by Hot-Press method

B RFLEHD, A)IHEERETFLFER?
ART#ED, BERMED, SHBE D, #PE?
A. Kinoshita?, Y. Shirahata?, K Yoshino?), S. Seto?
DDepartment of Electrical and Electronic Engineering, Miyazaki University

2Department of Electrical Engineering, Ishikawa National College of Technology

Abstract AgGaSe2 chalcopyrite semiconductors were grown by changing Ag/Ga
ratio. Samples were 3 kinds such as stoichiometry, Ga-rich and Ag-rich samples
were measured by photoluminescence measurement. A free exciton emission was
clearly observed in all samples. A band gap can be estimated to be 1.833 eV, using
binding energy of a exciton of 20 meV.

1. IZCHIT

[-MI-VI,J&H Va4 T 4 MIEEROFT THAgGaSe 1 I ZEHI#18 1.8 eVEFRF B,
2T MMEEDERERMORRELE LTHATEZ LIiIck .. EERHFEOR ERH
HTX B, EETITAgINGaSe, #RIVE & L= KIEEMORFE LIThsd TV B Y,
Tz, BEMTHY . RIAECTEWVBEBARREZ FF D, WIXZhRIIEH HIE AT 10°cm™
IFEEREV,

AgGaSe; PNV FEE LTI T Y vy P B L 2BEN I TEY, BETIR
MBEER 7 7 v v 2 BBEREICEIDZAER SN TS, KBEME LT
p-AgGaSe,/n-CAS K5 EM TEMBNE 4.5% % FERK L TNBD, LiL, Ag. Ga, SedD
MR 2 B L S B 2RSTURIT E A ERNY,

INETCOMETHREREEZBILIELY U TLEERL, Ay N L REELXH
VT 25MPa, 700 °C TAgGaSe, DEMNESNTWBEY, &y b AL REIKIR, &
FFEICRENTE, BZEEMLEL LRWREOFERH D, ZHE TIZ, CulnS,.
AgnS,2Fy NTF LV RIETER L, RER N VI ERBIEFELNTND,

2. ERFEL

AHFFETIL. By b 7L RiEEZFVWTAgGaSe, R 21T o7, MR _ITTRME
DAgSe. GaSes & AV TAg/GaDIRE LD 0.66~1.5 D 5 DOMAKLD R DY
NEERR L, ZORMHIZED L S BB D D 0EF -, o 7 MIXRETIC &
n#EEEEE, KB (11IK) TO7x ML IXx v v RBIE XV IFORFMEE 2N
EFhAT-o T,
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3. RRER BE

Hotpress AgGaSe, ' " 25MPa700C
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HIEMZER LT,

Fig. 1 XRD patterns of difference
Ag/Ga ratios.

3274 M IRy BV RAIE

SENIER L7 o I ED K S R RGP EEND DN EREET H72DIT(LFE
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AR MR H U AEEE RN C T 4 v T 4 v T LT EIT o 72,

Figs. 2 IZZNFILFEERMAK, Garich, Agrich% > 7LD 7+ b Ixv Y
A (PL) A7 M OB BEKRFLZ AT, ETEHEIOHEIE TIX, SEEETOY
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DFEHIL 1.8183eVT, ZHIEO L —H L TRV BEEEFREKE, 5 12D —
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TNDONRY RX ¥ v 7% 1.833 eVERESL o7z, 72, FERE FIISen #EfhAERK
HFIZERITOT VW & LV SeZABBRFIELFELTVBILENREZLNDD T,
SeZZ AL BAR T A RERHEFICER T AR THD EEBEb D,
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Fig. 2 Dependence of excitation intensity of PL spectra (stoichiometry, Ga-rich, Ag-rich)

Fig. 2 EDLZFERMAKY > TNV DPLARY MV DOE—7 TR VX —DELEFH
7z, 1.759 eVAHED B — 7 IXFhENBE DR & & BITEZ R AVF -z 7 b L
TWBZ LIV ZDENXITINF— T 7v7%2—7 (DAP) ([ZEKTIHIEXLTHD
& L7z, EDXIZ X 25T DR RD Se-poor, Ga-poor. Agrichk72->TnHZ &
ﬂlBGag‘:’?Lc‘:Se%;‘ux_@[ﬁ'?—é%fﬁf?)é ENREZLND, FRFIIETZRLF—
RO —7 ZRXAVFXF—IZIZBIEBR o720 oTc, Lo T, EDXOFERI Y., GaZ

fLicER T B/ K- 7?‘127"? FORETHDEEZOND, TNHDOREIHITX
W(")'G"blﬁl CEIBRERBELNTWS, T/ 7 —DFEMH Lz RFALX—
meV, R F—DOEH =R F—1X

E, =Epp +(E, +E,)

XV DAPE N DORENEEDENIZI LD E—I DT 7 FRNKR LIz RALX—% A
WT19meVE7Rd, MEINTWVDS FF—DEMH L= RLF—L B L/ VVE
Lo TV BEN, BRHE L VIIVWVERREI N TWHO),

Fig. 2 #4#IZGa-rich¥ > 7V O AEELELDOPLARY M 2T, B©—27 4
WEITO &, 1.75 eVAHED V¥ — 7 I3 L RE DR T > TERZ R AV F—fl~
ZRLTWBZ L XY ZOE—7IIDAPICERTARATHD EEZXHNLD, KT —
<‘: LTSeZIANLLFELTWAZ ENEZ LN, {LFEERMAKY 7 /VOPLLY
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GaZFLThH D & L THEHIL= R F —IMbFEEREARY 7V L ILET 61 meV 753

29



AgGaSe, T "Ar 488 nm Eg=1.833ev
25MPa, 7001 Y 1K
x50
E .
& [|Ga-richsample FE
g
2 FA
] y
= X100
=] Stoichiometory
: sumple DAP4
DAP 1
v
Ag-rich sample
L6s d Lk I8 CH3 Fig. 4 Radiative recombination processes for

Photon Energy (eV)
Fig.3 PL spectra for stoichiometry,

AgGaSes crystals.

Ga-rich and Ag-rich samples.

Bon, FIr—oEHIEZIAXF—1E20meV 2 BEH - 72, T LFERBERY
YTND Se ZZAHDELIFIEF—HL, Se BB EZLFELTWAH I ERFREINS,
BITRNLVE—RD DAP BEHOE—27 b R —id Se B ¢E X b, ZDT 7%
2 —DEHIETRNVFX—% 54meV & REbL o7, 77277 —& LTUTMASHT &
D Gar1A FDAg BIEZ BB,
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4. FE5R
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FERETEIC L 0 MRS I LaCuOS FB{EMIT 81T 5 In, Y BEER
Substitution effect of indium or yttrium on the LaCuOS oxysulfide
prepared by the sintering method

RERY BAR I
TR, SEHmE. BHAR
Hiroaki Matsushita, Hiroshi Takashima, Akinori Katsui
School of High-Technology for Human Welfare, Tokai University

Abstract We have attempted the process method for synthesizing the layered
oxysulfide LaCuOS not using La,S;, and reported by the calcinations from the
combination of two materials, La;S; and 2CuO. These results of the samples
prepared at the lower temperature of 600°C for 6 hours under a vacuum showed
to have the single phase of LaCuOS with a band gap of about 3.1eV. In addition,
we have developed for synthesizing the In- or Y-doped LaCuOS by sintering
method using La;S;, CuO and (InyS3 or Y»2S3;) powders. The La;.xInyCuOS and
La; xYxCuOS samples had that the single phase of In- and Y-doped LaCuOS solid
solutions below about x = 0.2. These photoluminescence spectra of In-doped (x <
0.3) and Y-doped (x < 0.15) LaCuOS had much higher emission intensities than
that of non-doped LaCuOS,

1. Introduction

fEIREERR L D LaCuOS 1L, 1981 4E, M.Palazzi (Z& > T LaCuS, % B35 L 12kY
D THERES DV ERARNEFROEN pn HET 1 2 AOMEE L THREFLFDS
FCHEEINTWAIHME THD, £77. LaCuOS 1X ¢ B MICBRL -1EE2L > TH) ., A
A EEYE TR BL 705 LaO L HFR-A M THERLE 725 CuS B b 2o TVD M
EEE o TWb,

HIEFS I3 Lay0s LaxSs. CwS % HEFEER LT, {LZEERILICIEVIRAEL., T A7 K
\CTV AR T2, ZDTA4 A7 BTNAR FHR—h EICEE, AEENTEZH, 800C, 6k
BDBERRE 1T T2, ZDH%, BEFRETA X722 =y L CTEBIER 7y Z XD /Il
7~ #fE% . LaCuOS #kKE HIZARENTRZEH, 800C, 2 BT =—1%& 1TV
LaCuOS D BitAEES 157-, >

ozt 27 —Fyh ARy FEBIZIY ERE7 LaCuOS EIR%E (BT 5700, HRER
Bl 2 DIzl 7= EERURIEIC L D LaCuOS D F fERLT b4 R Tx 7, ¥ R EE
D 2 DITABIEIZEY . MO oK | FEFICIEAN ORFH T, I5IT B
BT =—N %172 5720, LV KB TORENREFFTED, £7/-. LaCuOS @ La BT &E
ZInRY TEHTSDZ L ICLY wEMEEDOSED BT,

2. Experimental and Results
2.1 Preparation of sintering LaCuOS by solid-phase reaction method

E9\ MEFS AT - BFTEL FIBRC LaCuOS % ERT B NTE B F~, ¥ 3
JRERE LT Lay03(99.9%). LazS3(99.9%). CwS(99.9%)% AV 5, £ NE I DHF%E (b
BRRLICHEV, EVHT Lay0s LaSy CwS=1: t 2 &7535 FRLIEAETD, REHE
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7 N2 HRIC AL ADVANTEC B EZEERF KA-1210 NTEZEE 0.7Pa Db
800°C. 6 BFEIDEZERERZ 1D, BRI OV TIL {BEDHE 500°C~800°CL 25l
B, ZOMDOEHIT—ETHD, B -3EHE. XRD BIEICEY . J CPDS % &£ (248
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(1) La0s LaS; CwS % HEFEE L THVWZIBA. BEREIZEDS iz AL,
LaCuOS & HEJFREID Lay0; ThoTe, £Z T, LayO; BRBEENTIREI NTWBEE EX T,
La,03% 5% W L7z iRE HETHERKL 72205 [FIRROFERIZ/R - 7o, ZiUuL CwpS ORREFEAL
WD SRRIZR -T2 L ITE B EENRREVEEZL NS,

(2) Lay0s LasS;, st%ﬁﬁw‘_ A DERD XRD /5 —>% Fig.1 IZ73T, ZHb
XY, BERKIREE 600°CLL_ET LaCuOS D HARZ 1§57 L 3bond, £DZ 1o DEEE V5
LT, kLY L BERUEER 200°C TS Z & METREE IR o Tz,

(3) Lay03& CuS D 2 2% HEFEHZ AWV CTEE 1To 72, £ DAERMID XRD /3% —
V% Fig.2 I8 T, BERZIZES Nzl LaCu0SE HBEFEID La,0; Tho 7o, Z Ut
LayOs LaS3. CuS %f Hj%ﬁ*"l’(‘: LTC%& I—ETI%'C‘\ L3203 %%LT%%ME@%L:
BALR RS Niph o7z, FZ T, CuS B% 2~3 fFIZHME B TEERL 7225, WThizkwn
Th. LapyO; FARTHZ B LT . EHIT. Lay0,S A8 CuS MR EN-, Z1LLD ., La)0;
FHERRONDZEIXCUS ARIZE DL DL ITERRTH D Z & NHERTE -,

(4) FEENPERBLLTWVWIEIDD S REREZEZXL N0, HEERHIREZ NZ T
if*éﬁiw:bi Fig.2 DX IThi#EE AN WAL FRRRFERIZRo T, 2L XY, AR

ZLa O3 HRROENBZ L E SAREE DREBRITIFABDS nieho Tz,

(5) F=iZ. AfAbA LT LayS; & BR{b4 L T CuO % AWV CHERE 1T 72, TD AR
D XRD /37 —>% Fig2 I d, 21 OERMS, 600°CLL EDBERIREIZIS VT
LaCuOS D HEAMEH/LHZE N TExT, & b OREHIRIT 3 HIEBRSHRIELY . HIEER
E1HE A~ RS L BENZRVMEEMN ARSI N2 E 3onY) | F-, SR Xy
v Z1X31eVEETH - 72,

3 P "‘, LayQ, *Zlfus .
A _8lz 8OG°C - . [ "
- S Woslt - - ﬁ -«;; L - -
- = 1722 Boa3d = 3 [
3 - N dog L l;: lﬁ = ;’L Pas i n ¢ ;:s -
SE ! ' R & L LaO+4CuS ]
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Fig. 1. XRD patterns of the samples prepared Fig. 2. XRD patterns of the samples prepared from

from La,Os+La,S;+4CuS mixtures at 500 ~ La,O3;+2CuS, LaO;+4CuS and LayOs;+2CuS+S

800°C (Miller indices: LaCuOS). mixtures at 800°C, and La,S;+2CuQO mixture at
600C (@:La,0;, A:Lay0,S, H: CuS).
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2.2 Preparation of In or Y substituted LaCuOS by solid-phase reaction method

La;«InyCuOS X O LajxYxCuOS DERUZIWT, HEFEER LT LaSs CuO, InpS;
FITY.S:E AV, h 23 Y DIREHE 0.025~0.3 IZEEE #, LaCuOS O ERIRRE
[EAR7R R CTHERLL 72,

La;In,CuOS {ZFV T, Fig.3 D) IZx=0.075 LA FTDIRA L CEEEIHEL N, BX
EHFIL, LaCuOS TiX 0.2k Qecm FBETH - 7223, In B 7= LaCuOS TiL 0.5~0.95k
QemBBEEL 72 HIERIT 2 fFLL EIZHEINL 7=, SIERBEHBIEXY EHL 72V R ¥y 7
L BEREEOSHFETIX 3.1eV BETH 77, He-Cd L —¥ —(2kv BhEEL 7= PL BIEIZIY
Bo M= ZRROFENARA ~IN VE Figd \Znd, BBEEOEBIZW T, EEESH#M
T B IO THEAFEEEMTS HRSES 1. Wb LaCuOS K FWOFEIEERL,
x=0.1 TR KL 2o 7=,

LaixYxCuOS iZE W\ T, x=0.15 LA FDOIRA L TFig s DX IZEEEIES e, EXRIE
PisRIL, YE#L 72 LaCuOS Tl 12~1.9k Qem F2EEL 70 | RE L 7=, LB
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Fig. 3. XRD patterns of the La;..In,CuOS samples prepared from La,S;, CuO and
In,O; mixture at 800°C (A: CulnS;).
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Fig. 4. PL spectra of La;In,CuOS at a room temperature.
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Fig. 5. XRD patterns of the La;,Y,CuOS samples prepared from La,S;, CuO and Y,03
mixture at 300°C (@: Y,0,5).
3. Summary

B SIEICL D LaCuOS DOF#72 fERLFE LaCuOS @ La ¥ FLE% In, Y CE#
TB5HZ LI 5 MBEAREOHEIZ OV TIFEL -,

LaCuOS DFHRAERFIEIZHONT, HEFEE%E Lay0s LaSs CuS IZEXDHZE THE
AR E% 600°CIZ FIFAZEMNTET, Fi2. LaSs. CuO% FVVBZ & T, HZEEE 2 DIiZ
WS, S HITEEMRIBED 6000CIZT 5 I & NTE T,

In, Y BE#L 7= LaCuOS DYERUZIWVC, In TEHL 7254 EREEIX x<0.075. Y
TEHL 723581203, EEEEHEIX x<0.15 THHZLbh o7z, BRIERARIL EREE
BHZE BN TE T RTOERLHIEBNT, /K —7 D LaCuOS IZHERTKEL o7, T
I, LaCuOS #E N T2 D LaAd 3D In R° Y& BHI u KL TEWV=720E B2 6
Nb, iz, In TEEEZ TR L Y TE#EE 1To ROV huckW, . BEiks
Bo N5 EHEIZBWTIIP L BXEENKREL o7z,

A %I%. LaySy CuO ¥ —7 R &RV R %0 #Y 725 LaCuOS EED VERLE A7
TWVE T2 EX TS, 51T, LaCuOS DEEHIES B, F —t° 7tk HERD
WEL > TNEXTZWNE EXTWS,
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Growth and Characterization of Cr-doped ZnO by MBE method
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Abstract Cr-doped ZnO thin films were grown on Al,03(11-20) by molecular
beam epitaxy method. Cr-doped ZnO thin films were characterized by reflection
high-energy electron diffraction, scanning electron microscopy, X-ray diffraction
and photoluminescence. The tendency that the RHEED pattern becomes ring
pattern when the higher the Cr-cell temperature, the lower the growth
temperature .The DoX luminescence of PL spectrum has weakened rapidly by
Cr-dope.

1.1IITHIZ

W, Y ERTL 7ho= R ICBWTCEFOGEEFRVEFORE U REZFIAL
TeT NRAREREDEF A BIEL . AL b= HH 5 BT B SNERICIFEESN
TW5, HEERRE b=/ Tik, PEEOERTTRO—HEHMER F CEBBRL-AE
BB REEB T AIENF —HRA L MIRD, ZHETIZ, -V B L&Y 8K X —
RIZEEDIFFENAT RN TS, [-VIIE{L &M ZEL THD ZnTe IZE%D Cr ZHs
MBI ECEVRIR THREMEICRZENRESNZ D, —F, T-VIE{LA L8k T
HHERILEER (ZnO) IXZEIB T 3.3eV ONUREY T2 E L, BIAREEBRA EARTH
BHIEMD, S BIRMIC L > THEBR LEELZEHR CEL, EANOBMEEZEF TS
BEREME L EAL L THRA RISARHIZFTES, INETIZ, B4 I35 FRIEFFT —
(MBE)#£% iV C a M ALO; 2R _EIZ ZnO BEORESRKREIRAMEEZIT > Tz, 20D
BE ., ZnO FyEREM: B AEEDOET 4 BHFEL T, MBE 1512485 Cr %0 ZnO EERER
FOVEEOREEFEDONFERFMEIT o7 D CEOME/EREZBRE T,

2.EBRFE

A1) —AMBE R i1E% AT Cr i1 ZnO EEREZ1T 277, Zn BELOCr 11 H
&t Zn(7N). Cr(4N)% Knudsen-cell ZFVWVEER L, BEFR T H LV —R (1T O,(GNYE VY,
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“Time

700°C~400°C & L7z, Fig.1 {2 Cr #¥/0 ZnO ## Fig.1 Thermal cleaning & Growth process.
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Fig.5 XRD diffraction of Cr-doped ZnO. Fig.6 c-axis lattice constant and FWHM of

Cr-doped ZnO films as a function of Cr cell
temperature.
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D, FEEENELRDEZEL DA o7, Cr-cell BEICEU TREHIRKAICEBINT, Z
DREVET A IRy B RBIETHE, DX BEIRENZEITBAOLTEY, Cr EF2
HFRFFEICRESEETHEEZDLND,

BEZ R

1) H.Saito,V.Zayets, S.Yamagata, and K.Ando, PHYSICAL REVEW B 66 (2002) 08120(R).

2) P.Fons, K.Iwata, S.Niki, A.Yamada, K.Matsubara, M. Watanabe, J.Cryst.Growth 209 (2000)
532-536.

3) K.Sakurai, M.Kanehiro, K.Nakahara, T.Tanabe,S.Fujita, S.Fujita, J.Cryst.Growth 209
(2000) 522-525.

38



RF 2%y 2RI K % p RZEREEARIEY) CuAlO, EIEAE
Preparation of p-type transparent conducting oxide CuAlQO; thin films
by RF sputtering method
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Abstract Transparent Zn0O:Ga/ZnO/Cu—Al-O/sapphire pn junction diodes were
fabricated by RF and helicon-wave-excited plasma sputtering. Although the photovoltaic
effect was so weak that it was difficult to calculate the conversion efficiency, the
current—voltage characteristics revealed rectification properties for the films deposited at
500°C. The result indicates that Cu—Al-O film grown by RF sputtering is one of the
possible candidates for a p-type TCO film.

1. X®iz
HAEEMEEREY(TCO)ERIL, KT 4 AT LA, KEFEM., ¥ v F /R RLDFE
BABEREICA AVSNTWS, BTE TCO iX. Iny03:Sn(ITO)XR ZnO 72 ¥, n BDE
EMEZRTLORERTH DM, ITHE., CuAlOy[1]. CuGa0;[2]. CulnOy[3]%7T 7 7
YA NFEREED p BEEM TCO BEEZED TS, pBl, n D TCOIZL D
pn BANREL e, BAKBEMM,S5]. EBR T PR EZ[61FEDERT /SA R
~OISANERETE 5, BEZROKEEMITI AR —FANEZFIH L7z b DORZ VMR,
CuAlO, ZXRINBIZFIATHIX, IRt EFZB L, AMEICEETHIEN DL %
BRI LCRET I ENAETH D, SHIZFZ T LEEREEMD by 7FEMZH
WA Z EIZL o THEIA, AIN, RAEEMSLICHIE T Z L 3 /gEL 725, TCO
BLD pn BEAEFA A — FOERIIEANICRL LN TEY, Zn0 & pFIdD TCO TH S
SrCuy0; & D pn ~T TR X A 4 — Fid, AIFIRIZ T 70% D FZBE N HE I TV 5D
[6] F72E5, VR L —YHEFR(PLD)E % AV T Cu-Al-0 & ZnO @ pn ~T u s
ZA A — ROERBPRAL LI, TR TH 80%DFBRENRHE SN TV B[4],
HIE CuAlO, iX. CVD {.[7]. PLD {.[1,4]. BRELIL[8)%F. FAx R FIEIZ XV Ak
ENRRA LN TWDE N, KEEEELS ZMICHERE CX., MREBEESCEEHIEME 8
N5 2y BiE] ICEARENREEN TS, ThETICA Ny ZIEZ AV TERE
DRALNTEZ[9,10013, AL LTEOREFID 2V, HAIZINE T, RF R
Ry ZEEAWTHEBEER TV A —HVZ2/ER L, KKF 1050°C T7 =—/VAE Z1T
5 Z LIZX Y. CuAlo, DFERRLZRERR L7-[11123, KB EM R & DT A4 ZVERUTIL,
B2 AKBRENR KD D,

ABFFE TlX. RF Ay ZiEZ AV, ERIBE 500°C 12T CuAlO, BEEDORE Z R
Frlz, Flz, R LIZEE EIZ, ~V a R 77 X~ 23y ZHWPS)iEZ V.,
Zn0:Ga/i-ZnO ZHERE L, TCO ® pn A F A A — ROEREZR AT,

2. EBRFE

Cu-Al-O #ERII RF ANy ZEZRHAWVWTERE LT, #—7 > MZiZ, Cu & AlDO4&
B#¥ER%EE/LL Cu/Al=] IZTRAE L. KREHEKFIZHBVT 1050°C, 40h ZMLE 51T
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Zn0:Ga/i-ZnO/Cu-Al-0O/
sapphire pn junction diode.

3. BEBIVEE

£ L7z Cu-Al-O EEIIEE 300nm THREBATH -7, HKiRBICBIT 2 HAMHNRE
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Fig.2 Current—voltage characteristics Fig.3 Schematic approximate energy-

of the ZnO:Ga/i-ZnO/Cu-Al-O/ band diagrams of a (a)ZnO/CuAlO2
sapphire pn junction diode. and (b)ZnO/Cu20  heterojunction

(after Ref. [14]).
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Electrical characterization of AgInSe, bulk crystals grown by Hot-Press Method

BFFRF ITFEH BEXETFILFEHR
HiE RE- KT #-F0 M-5F B
TFEIEXKRY ITFH BIEFHERLER
fnE - Fosst
Yasuhiro Shirahata, Aya Kinoshita, Kou Ishiguchi, Kenji Yoshino
Department of Electrical and Electronic Engineering, University of Miyazaki
Kazuki Wakita

Department of Electrical, Electronics and Computer Engineering,
Chiba Institute of Technology

Abstract Undoped polycrystalline AgInSe; bulk crystals were successfully grown at low
temperature (700 °C) using Hot-Press Method. The size of all samples was 2 cm in diameter.
Grain size was approximately 80 nm at 700 °C. The presence of lattice defects such as Se
atom in the Ag site and/or Se atom in the In site might lead to an enhancement in n-type
electrical conductivity. The crystals had a resistivity of 0.16 Qcm, a carrier concentration of
7.6% 10" cm™ and a mobility of 73 cm*V's™! obtained by Hall measurements at RT.

1. LI

[-II-VLiEH Va3 A T4 EULEWEEERIT, EEBBRAONY FEELRED,
EEHIHR AT T TR E R RIPURE ZFF D, BHIHMEILCuAIS, D 3.5 eV 6 CulnTe, D
08eVEEWEREIRE W N—LTWBY, £z, v arg T4 MY EYEEERIIR
BB E L COHENE L. P THCulnGaSe, it eaERE X—R & Lz KB EMMT
1%, 19.5 %DEHBIRBE SN TVBY, AglnSexid /v a,314 T4 FEULEMHE K
D 1OT, HEHIENE 1.2eVE LD, ZHiICulnSe, &V HEFERDKRILAFTRETH
5o o, HEIUREIT 10° em™ & B < KEBBMORE L L THHIFIN TV D,
T ClX, AglnSe, & AgGaSe; DR & T & 5 AgInGaSe, REFEM D BN 7.3 % &\
HEMENH D), L LA 5, AgnSe; DPMEEIC SOV TIRIFE A LN TE LT,
PV R T B BREFITD AR, F 2 TR TIE. AglnGaSe, KB E M /ESRL D
TODOEBIEEZD-DIZ, Ty PV RIEIZK Y AglnSe,/ 3V 7 fE g DFE SRR E
EITWERHIFEIZOWTOFMMEITo 72, &y b7 L RIEIIKIR 2> DR R Tt &
BENTE, BEEZMLEL LW R EDRERZH D, TNETIZH Yy N VREEZR
VT, AgGaSe;. AgInS;. CulnSy/NV 7 &G EER L. BRERALV I EEBIBFOLNT
l/‘%)“’ S, 6)0
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2. EBRFE:

MR Z TR AgeSe. InsSesZ L FEFRAKARLILIC /2D X OICRAL, &y T L
RiEEAWT, BRERIRE 400 °CH 5 700 °C, £/ 25 MPa, RLRFRFHE 1 FFfECTAgInSe:
PNV EGR YRR LTz, 1ERK L7 AginSey/ NV 7 fildh 2 BHEE L7- 1% . X#REIHT (XRD),
LERAE, EF7u—T~A 7 uafptt (EPMA). F—LVHRIEIZ L Y FHlE1T- 7=,

3. BEBLUBE

Fig. 1 IZIERK LRI EE 2777, REKREIZB W T, SKRIRE 400 °C TIIRmEH
ML, KRBR R o7z, RERBEZES THICLER- T, REKREITELL
7o BRERIREE 700 °C TIXREMESL NI, KIRBR Sz,

Fig. 2 IZARIREE 400 °C2> 5 700 ° COXRD AR bV 7RT, 5% L L TICDDAI —
KD AgInSe,”, AgySe?, InzSe;”, AglnsSes' V% 7R, 1B L7-REHIE TERBR TH -T2,
EIBEE 400 °CTITAgInSe;D/NEWVWE— 7 BEE S =, TR EDAg,Se &
InySe; D B — 7 BB I N 72130, AglnsSes D BFEDO Y —27 LRI, ZhiZ "
RMEO—EPRIEETIZES T2 b D THDHEEZLND, AEBRE FFIC L5
TEMIBEA Lz, FIZ, AgInSe, D t*— 7 8B X FIRE EFIT L7243 - THM
L. BEIRE 650, 700 °CTIZIFICDDOE— 7 & —&K L7z, XRDA~2Z kLD EIFL
BT ER LR A X% KDz, BFEEIILRIRE 400 °CH 5 550 °CTiX
ICDDDOMEX W #N L7z, XRDAXZ ML TCEEINL DT, BREICLZBEERE
Zbb, Lol BREIRE 600 °CH>5 700 °CTIXICDDDadli, cEiDEIZIT-SV N,
IR ERIRE EFIZ LB > TEBARBAD LIzZ & T ERESWZbDEEX D
N5, FREY A XIIEEIBREEFICT LB > T AXEMZR Lz, REIEE 400°CT
/MO 65 nm, 650 °C THRAD 88 nmDFERNE LT,

25 MPa 1k
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Fig. 1 Sample photographs (400~700 °C) Fig. 2 XRD spectra




Fig. 3 IZHBERIE DR ETRT, LBRIZ L 5 & AginSe, DEE 1T 5.792 g/em® " ThH 5,
A RAREE 400 °CH>6 650 °CTIIXEKE L » H/hEVETH o7z, XRDDOFER LY | B
HREREREEZ OGND, 650°CD ALY MLV TIXRMEARER TE o720, BIERS
RIVBEOFERE 2N D, BEIRE 700 °CT5.80 g/em’E W ) RN E SN,
ZHIECERE & 1ZIER CETh - 7=,

Fig. 4 IZEPMAD#ER%Z T T, REIRE EFIC L7208 -> T, {LFEERAOMEMRLISE
DE ERIRE 700 °CTHR bILF BRIV IZE-S 2, Z D & & | Ag-poor, In-poor,
Se-tichTdh 72, BEX HNHKRMaE LTI, AgZEfl (Vag) . InZEHL (Vi) BFRED
Se (Se)). Ag¥ A FDSe (Seag). In¥ A FDSe (Sew) BEZ HNDBH, FH—/LHEIE
DERIVBIDEERZ R L2 Z &6 SeagCSemBE X HiLD,
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Fig. 3 Density of AgInSe, Fig. 4 EPMA results

Figs. 5, 6 [CHR—VRIEIZRBITL2EARDOHER L. ¥V TRELBEBEOHER L=
T, RERAIZIIA—I v /7 EBE L T2 EREETER L, 2TORBTAH—23
v 7N E LN, REIRE LRI LS - T, BARIIMWINER. $v V) 7ERE
IR, BEEIIENMERZ TR LTz, ZHIIXRDOBER L W BHEOBIIZEE LD L
Ezbhb, BEAXEOLNZHEEIRE 700 °CTOEMEIL 0.16 Qem, v UV TRE
X 7.6X10"° ecm®, BEEIX 73 em’VIsTE WIHIRREBIE LN, ZHII—HEERE
TYERR SN - AgInSer SV 7 fEG L EVMETH - 721, £7-, A—LVRIE, y—F 7o
—THEDORER., nBOGEERIZRLIZZ LD, AERTER L-REHIE TRl T
HDZ LR oTz, N - EIEM DT, AglnSexlZ B3 5 X @kicHBV\ T, nl
DIGERIZ R Z ENBRESN TV ER> D KERTER LE-RAB CHLXXEERIL
ERIB LN,
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Fig. 5 Resistivity of AglnSe; Fig. 6 Carrier concentration and electron
mobility of AgInSe;
4. *Em

By BT VRIEIZ LD AglnSer SV 7 fEdb & i RIREE 400 °C2>6 700 °C. £ 25
MPa, RAKERFFH 1 KM TIERR L7z, XRDOFER., BREIRE 700 °CTAgInSe, D HAA A
Bohic, LERAEDOHR. MEIRE 700 °CT 5.80 g/lem’ Th o7z, EPMADKER.
FRIREE 700 °C TIEF BBV ILIZR HiT-3& | Ag-poor, In-poor, Se-rich Tdh > 72,
ZORBHIBDEERZRLIZ L, nBIEBEODOKKEE LT, Seag¥Send & %
bhb, F—ILVBIEDHER., REEEEMNC L8> T, EARKIIEIMER, $vV
7 R E R BB IXIEANE R 2 7R L7z, BRI E 700 °C THEHIERIX 0.16 Qcm,
v U TREIX7.6X10"% ecm®, BEEIX 73 cm®VIsITH o7,
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Defects properties associated with bound excitons of CulnS; crystals

KR ARBE TI'. FEIEX I’ gk I’
B &' ot AR BE e, 5% B
K. Kishikui', Y. Shim', K. Wakita’, K. Yoshino’
Osaka Prefecture Univ.", Chiba Institute of Technology’, Miyazaki Univ.’

Abstract The time-resolved photoluminescence of bound excitons in bulky single
crystalline CulnS; grown by the hot press method have been investigated. It is found that
radiative decay of the bound exciton at 1.510 eV is well-represented by a single exponent at
low temperature. In this work, the emission exhibits very fast decay so that it is dominated by
the non-radiative recombination or relaxation of excitons. From the results of
excitation-intensity dependence of the emission intensity, a ionized charge is to be assigned to
the defect center associated with the bound exciton at 1.510 eV. We have also examined the
origin of defect centers associated with the observed bound excitons.

1. IZC®IT

CulnS; T KBEMIZE LTZ 1.5eVONRY REXEY v 7% b b, HORINIENREL .
EBEECTHIIL0OEMEFEBERGEMMEE LTHFEI LTS, L,
CulnS;KFBEEM & L TOEWHRIT 123% THY Y, FhDEHRBER ED-DD—
2L LTCulnS; D XehetEx + 0BT H2MNENRH B,

INET, E—Z—BEHETHMIELB L OT Y v U~ (BG)ETER L 72CulnS,/Y
VI FEEIZBWCTERI L7 4 DORBRE T DOFRFEISE 7 + bV I R v X(PL)F
P72 & 2 BT L, S FERNE F DBEHFM B L OKBOBFIREIC OV THRE L7z

AEl, Fv b7 L RHP)ETIER L 7ZCulnSy/ SV 7 #E 8RBV T, THMEB L UBG
ECTERLEZEETIIR N5 1510eVICE—2 2 b OB K Z2BRILEZ, 22
TIE, F7 BRI L 7= R I DU TRER S FRPLAF L R YL TR EE D b TR BE IR TR 17 &
FRRTEREITo/, £, I TICBRAI SN =R ERE T O XMaORIRIZHU
THRET LTz,

2. EBRFE

PLAIEDRELE LT, HPIETIERLL 7=CulnS,/ V7 BfE S % vz, kNI 10 K
¥ CHHAITTRERHMBREL Y 54 A 2% v MY #1172, B#EYEIR & L TTi:Sapphire
L—F—@# iR LAKE 82 MHz, /)L AIE 100 fs)& AV iz, BhiEHD T RLF—
1% 1.62 eV, BHEEHEEIL 0.05 225 4 Wiem> Th 5, BEREISMRPL R FVIZA R U —
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3. "R -BE
3-1. Exs Dt

[X] 1 IZHP-CulnS;?DPL R~ hL &R,
BYART MV ALY, 46
BIAIL7Z 1510 eVIZE— 27 2D FEH(Exe)
L. LHEIDOBMEI DS 2 >OFERIEF RN
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J6(1.523 eV)ICIKRTEDBE L7, S EITH b4
EDEWEGIZHER L7,

2 IIE DRI EFETH D, FRAW
EHRIIBEHEBEHTHY ., ZOBEID
RO=FHEAFMIT 1255 psTH D, ExeB &
OLLRTIZ 3K 8 7= B G E L O FHFm D
E LA T INLX— L OBEFREE 3 TR
T, TIZ T, HAETRNVX—IIEHBETF
CREEFOTR LT —EFE L LT,
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1 = I
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Fig. 1. PL spectrum of CulnS,
crystals near the band edge at 10 K

for an excitation energy of 1.61 eV.

MITFB TR AL —D 1.5 RITHAITH 2 EBRRENTNEY, K SE,, Ew, Eg®
EAFEMIBHBERICEILS —BHLTBY 2O DR NEFEMEBEBHGEME L=, 5
BRI L7-EwDFENFM(125.5 ps)IFELDFENF M & FAKIC, ZOBEREROELY B
FEFITNEL BB oT2, 2D ENHEDELBRIIFBHEZAB LW
FEHBEMIZ L > TEHRREINTWVS LHEAI LT,

—~~ k T T T T T
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0.0 2.0x10° 4.0x10° 6.0x10° 8.0x10° Fig. 3. Estimated radiative lifetime of the bound

Delay Time (ps)

excitons is plotted as a function of binding energy

Fig. 2. PL decay curve for E,s emission obtained as the energy deference between the free
under excitation power-density of 1.9 exeiton ahdl each Ibovnd eXEitoh.
W/em?,
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(X 4 |2 35 h S FE18(0.05 — 1 mW/em®)IZ 51T

% . ExsDPLI&EE D RhECTREKTFEZ LB D
7= DIZLUBTR D 72Ex1, Exp, ExaDT— 2V
EHIZR LTz, Ex, Ex, Ea, EaTIXZEN
FHNPLIEE DS RIECITRED 1.5 FITHAFIL T
WA=, TS ORI F I3 Kb
ICHEBENTWS LHRILEY, —F. &
Bl L7z Exelx. PLIREE MBhECFEE D—F
1= T AR QAY- Y oYl i ol 5 & = g | A B
RIBIZHBENTWBEEZ OGNS,

3-2. FERNEE FIZESE L7~ KB

Z N E TIZE R L 7= CulnS, D FiE Fhi F
WZBAE L 7= R DEIRIZ OV TRETT 5,
Bf-74 /) UVREREBR LT —u A
ER DGR O =K KME &L BT & ORET
INX=ERI1ITFT,
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IR
L oo
- ) e - |
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Fig. 4. The emission intensities of the
bound excitons Eyj;, Eys, Exs and Eyg vs.

excitation intensity.

LIRTD 7 =— VAAEIZ X BEFFED 225 Eld 7 7 B 7 Z AL 170 - 180 meV ETEALT
587 ICHIE S, F72EaidCulnSe, TiZ7 7 £ 7 ZUENL 170 meVE KT 5 VLY %
12T 7 & 7 Z YR 290 meVETERLT B Cu,'? ICHBEN TV S LR LTS, =
DR TIXEN TN OEMITHFHERRE & KE LTV, £ D% ORhEETREKRFED
EBOOEBONTEHEREFBITIE D, £/, CulnS, TIIEFICHT 2 ELOFHEE
DHIZ0.127 THBEZ oA F AT 7 B F 2 ICHB I NT-REFOFEIIRELIC
BEFTE VWA, EELZORRIIFEFITERNEEZOND, Lo T, ExxH g
THERMBIIFE TR LX =R 43 meVTH DA AL RF— (K1) & L, ZOFE
T RAX—L. Lewerenz& Dietz23HREP L= VAR T B R F—#EMOE (F2) &
T, TDZEMNDL, EwlIVsDA b LIz RF—iZRESINTWBEEX T,
THENORD AR EEF L OFRERLX— (K1) & XRMOEM (K 2)
EDHENG, EqlIVaPHFHET 727 #2 —IZ, Exldn® % K- —iZ

Fig. 1. Possible values of donor and acceptor levels

as calculated for the emission lines E,; — Ey4, Ey6.

REMEF FF—#4L FHOETREN
(meV) (meV)

E, 19 (%) 83 (Pi%)

E, 37 (%) 167 (Pt%)

E, 56 (%) 250 (%)

E, 70 (%) 317 (%)

43 (AA21k) 30 (1A 21k)

g\m
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Table. 2. Defect level data of CulnS,

crystal from Lewerenz and Dietz.”

F¥+— - PoeT4

R gy EBR Sy

Vs 35meV | Vo  80meV
In,, 110 meV ! S; 170 meV
In. 70meV
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REINTWB LHEG LTz, b, SFREmE FICBET 2 KRIBICOWTHERE L 7=
BAEARIICTET, LOLKRMBORELZENLRLDIZT L1012, 5%, T=—/ILEBR
BRIk, RBOERERO I SRAMERLETH D,

4. ¥&

AR TIE, By h 7L RIETIER L 72CulnS, 7NV 7 #5 &t DR 5 f#PLEIE 21T -
77 4B, THM, & UBGiE TER S 7= CulnS, 23V 7 fE & TITBRBI S /e pr o 72 1.510
eVTHTIZRE — 7 Ex) T BB L7ZD T, EwlZlOWTHRET L7z, ZORR, Ex®PFH
FAIL 125.5 psEFEFITEL . FEFOBHEASSCEMNEABE L XL VDB LE
Z Tz, F7-. PLEEOREREKTMEN S, ExldA A ML LI RMEIZEKRE IR
BREFCTHLIENHMA L, S5, TNETOF—E0n5, CulnS;DFERIE F
DBEET D RMEIZHOVWTHRET L, ToRELZHR L7,

Table. 3. Speculated defects associated

with the observed bounds excitons.
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Exl VCU
E, S;
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Ex4 Ini
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Optical properties of ZnSnP; bulk crystal
grown by normal freezing and temperature difference method

INEEBES D, PAREED ENRE D, ENEE D LD, PEAE D, A%
VREEA R BIER ERETHERLIFER
PEBERFE TER ERETIER
R. Obinata®, K. Nakatani', T. Minemura?, K. Miyauchil)
M. Sugiyama®, H. Nakanishi", S. Shirakata®
DDepartment of Electrical Engineering, Tokyo University of Science
DFaculty of Engineering, Ehime University

Abstract  The photoluminescence spectra of the bulk ZnSnP; crystals grown by the normal
freezing and temperature difference methods are observed. The ionization energies of the Snz,
and Vgz, levels are estimated to be approximately 110 — 120 meV and 40 — 50 meV,
respectively. These results are the first step toward realizing the novel function or optical
devices such as solar cells using ZnSnP,.

1. IIC®HIZ

ZnSnP, [IH N RAFAMEIETH 1.6eV DEEH|#E 2 S O[1 | EHEB BRI EIK THD,
KRR EL, BEZHROKBEMAMEIEL TR T LN KD, BEKREGE
MEFEL TEIZ Si AMERAIINTVDD, Si DEEFHIFREITN 1.0eV THY KBFEMIZEER
EEHIHAE 1.4eV EREL B2 Ho TS, E72 Si 1T EEEBRR L E K THA =D IR UEREL
DINEL, BIERBGEMA B E L TGES 72V, SOIZERE Si 1T D5 — A KBGEM
BrEL THE B I TV Cu(InGa)Sey 1%, & B In, GaRH EILHE Se 23 A TUVAHTZD,
R AMNCRE~DOEEOE CRENDH D, ZIUTHL ZnSnP, 13T 5ITE Zn. Sn.
P DI7—IEDIBLALREFNZE N 30, 31, 13 L THY, BEREEIZHET D, IHIT, A
KPEEHOBRBE~DEZEDORXVWMEZER LN ENS, M BIE TEAATREMEN
HVRE~DEED LI EEIKTHD,

ZOMEIL 1950 FERNOIFFRSINTEY, Bt EORKRERI/ IV IiEEE AV
MO RBIVRESNTVWD, TAETIIEREORE DR E4LH D, LNLIOWE
DO FRHREFNIFEF T2, ZnSnP, ZEE KB EM~IGA TE720DE—HLL T,
ERa 2 BB T 5101\ VIR EEZ AT,

2. %%jﬁ}f quartz ampule furnace

) —=NT7Y—T Y (NF) i, B E KA L
£ (TD) 1% [512 AV T ZnSnP, DL EEIT 77,
REICIZIEEL FER- TEMSL I ba—L T
XM & V-, Fig. 1 ICEBEEBXETR
ER

NF JETCiX. Zn. Sn. P Z{bFE#H/ LD
WICE AL, BEZZ2 DT TICREIRESL 620~

28°C/lcm

DISTANCE

= ; 24 A ZnSnP. property
950°C LR ELAIRL7Z42IZ 3°C/h THRAE LT, c:di?,gz of furnace
TD ¥ETi, Sn 2L L THVY ZnsP, L3EiC pote TEMPERATURE

RET I VCEZH AL, ETFIciEEZS  Fig 1 Schematic representation of the

BRI HTLITEY ZnsPy  Sn LK HYARE  growth system of ZnSnP, crystal by
TD method.
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Z EEETEH CELIEAIE T, IR CTHEOE DY _EEREID T E -~ ZnsP, 23 B LI,
BRI T 7 VIEERT Sn LA L ZnSnP, ELCTHT 75, JEER% 500°C., EE#% 600~
700°C LEREL 103 BEEIHEFRF L%, IR T TAMmLIZ,

R L-REHT, S
(PL) BIEZ AV =,

3. HBRBIVCEE

NF &, TD EF AWV TRE LA R EFR
72 XRD /3% —>2% Fig. 2 I~ $, NFiEZ AWz
AECIX ZnP, D BB HHHLDOD, (101), (103)
B2 KLV NaARATAMEED ZnSnP, fEdd
DBREEL TWAIENER TEZ, TD EEZAW
ERETCIEEMRORWESEBHEELTHSIE
DRER T,

NF EZ2BVWERE CIIRBLER T 20
— RN B ERFE R E TEDHDO T, PLEIE
#1T-7-, Fig. 3(@\Z PL DIREKRFEMEZTT,
E—TIZENE N P1~P6 ETTNVEFFITT=,
B\EIZHRESNTZ ZnP, D PL AXIMV[6]XD,
P1~P4 X ZnP, \IZER T 5RO FTEMEDLH D
23, P5, P6 IX ZnSnP, \ZEE K 3B H N L HERI T
5o FIRIZED, BWIEL DO R ~DF YT
DBARIRHERPAECFELREN T RHEREL,
TNENOEY—IDOEHEIE=RLF —% BIED
5L # 40meV L7poTz,

ZOY—IDFENOFE\ZHERI T 57D Fhid
e iR EERTEM AR E L TZ, Fig. 3(b)IZ 15K 128
75 PL OhEEAREKRFMEETRT, ZnSnP, 12
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Fig. 2 Powder X-ray diffraction pattern
of ZnSnP, grown by NF and TD
method.
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Temperature dependence of refractive indices of T1InS,

B =L b AER'. B BFs?. Nazim Mamedov’
KRFFARBET!, FEIKRIT? TEARL v v BETHT I3

R. Tashiro!, Y. Shim!, K. Wakita?, N. Mamedov®
Osaka Prefecture University', Chiba Institute of Technology?

Azerbaijan National Academy of Sciences’

Abstract  The incommensurate (IC) material, TlInS,, with layered structure was studied by
spectroscopic phase modulated ellipsometry on (001) surfaces at various temperatures (100K
~300K). By using an incoherent reflection model, the energy position of the absorption edge
and the refractive indices in E//C* (n.) and E L C* (n,) configurations (C*: the direction
bisecting the angle between two optic axis, E: the electrical vector) of the incident light were
obtained for a region of photon energies at and below the energy gap. The energy of
absorption edge and the spectra of refractive indices for #, and », components were found to
exhibit an irregular behavior with temperature in the neighborhood of the IC phase. It is
proposed that this behavior reflects the changes in electronic states and optical transitions

between these states due to the IC phase transition.
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ERES R EONBFI L EREEDORAYNENT B Z NG, BRINT-ETFHEA
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12, 3ETUELAY T, ICHIZER T2 AE U —2R2IPERE—y 7EZEY L8
HINTEY., ZOYMEDICHIZEET 2 FRIXERE., ICH O CHRKEWV IR
Thd, .

Fx i, Bk 3 TTULAHDICHIZ BT 2 EFHBESCHEBICL 22 0E{LEHAL
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ENRETLIZT-DEEZOND, Table.l Temperature coefficients of refractive
F7 . T OERTOEEREIET indices and birefringence of TlInS, at 1.8eV.
—N = AL /=X A}

ol n, CIREREHENRZR D, 18 Temperature coefficientsy C IC N
GBBICLIRELRRDI L dn/dT(K-1) 104 -1.198 | -1.684 | -2.323
TRLTWA, dn/dT (K1) 104 | -1.013 | -1.368 | -1.965

Table.1 {21, Fig.6, 7 DEABIZE d(n,-n)/dT (K-) 10-5 | -1.850 | -3.160 | -3.563
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Measurement of Lattice Constant for 8 Phase Solid Solution including CulnsSes

REFERY BIER BREFIER
LARE - KBTF
Katsumi Mochizuki, Chiharu Oonuma
Department of Information Technology and Electronics, Faculty of Science

and Engineering, Ishinomaki Senshu University, Ishinomaki 986-8580

Abstract

The lattice constant in S phase including CulnsSes are not reported so far and this
study aims to examine the probable lattice constant of the solid solution. The result also
presents the information on the ordered vacancy configuration of the CulnsSes. It is
known that the lattice constants of a and ¢ axis decrease with increasing the mole
fraction of In2Ses and the trend is explained by considering the increase of Cu vacancy

with increasing In2Ses.

1. IXCBHIT

KiGEMMEL L L TERIE STV % CulnSez%id. CuzSe-In2Ses 2 JTLRIKEM D E N
50% \ZRZEIZAFIET D03, In2SesDE N 6 8% A5 7 8 %oitEiz BAHL L TIFIET D48
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2. EBRFIE
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3. BRLEZE
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BT EHaR VR IEHIZRELNDIZ EETRR LTINS,

2 dsinf =n 1 (1)
1/d%?= (h?+k?2) /a®+12%/c? (2)
4 sin? 0 / 2 2=( h2+k2)/a2+12/c2 (8)
a= 1/2sin 6 (h2+k2+12/(c/a)2)12 (4)
c=1/2sin 0 ((c/a)2(h2+k2)+12) 12 (5)
20000 ZZT, LiIFCu—Ka
o~ o] 0,
wo b =L 2‘]¢g Do tarowe 37:": oo BO¥ER (1.54051A) %
w2 S US) $F FoBEE 88325 Rl
oo |
5 ; 75%
_8'12000 - 2 2 — X 1
‘.‘_E.'m - 720 In2Ses - CuzSe R IZHB W
2 JY P LL Py ° ¥
%(m = = THR L7 EBEEHRD
= | 70% XH#EHFE, KFI
> o0 A ttres InsSesDEN% % TT
2000 Inzse3 == 68%
0 g gz -
10 20 30 40 50 60 70 80 80 100 110 120 130 140 150
20 (deg)

B2 () DEITEAEROE—7 T, 5 >OREHIIL@ICTHIE L TV T, BABRIZEITTAH
HElTE, B2 5 2ORBHIEB W TEITTA OFHEN L DREA 0)03Fb/HEV 22D

59



m ((048) & (604) 2BAT., 202 oEMLLEREHNCEBITSD (c/a) DENRED
bNBd, TNERILIRT,

No |[In,Sez(mol%) |a(nm)|c(nm)| c/a z_;%ﬁ(;;iffic/(:;;
1 68 0.576]1. 155] 2. 005
2 70 0.576|1.151|1. 997
3 72 0.576|1. 156| 2. 006
4 75 0.575]|1.152]2. 002
5 77 0.575]1.151|2. 001
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VOFEFIIRFEROERLZBO LIS LTS, Lo T, BELZKFEKa, cD

60



In2Ses% D EANIFE D IR IZCuBILOBPIZ L~ TELREEZ R Z LICL - T

AT %,
BFEH.a BFEH. c
578 11.70
577 | 1165 |
~ 576 | ~ 1160 |
< o st 8 o
il ° o0 S 1150 | 0
® 574 | 1145 | y
573 11.40 : '
65 70 75 80 65 70 75 80
In,Se;(%) In,Se3(%)
3 ERTRDIEND
2.10 Wit o7e L W& F € #a,c & UN(c/a)
- I D & & InzSesE /L % & D
\ 200 | oe
° 195 | BIfR
1.90
65 70 75 80
In,Ses (%)
30 T
ﬂ a |’
20 Cu -
=O=In | M4 HABEDDOS e fF @AM

2 10

FRF1 R (%)
o
—
(]

4.

10 1n,Se,®) T

80

2THEHAEEIND ERELT
BHRIZHET D Cu KW In
BFOBFEOLEBER

CuzSe—In2Ses & D In2SesBFIBIZH 5o 2 B HNOKERTFERDOEL % BEE ICRIET
L ERDBT, TORR, atih & ettt ZIneSesDE L %M & HICHEFRIZHD T 5
M HE b7z, 2L 1 nJRFALEDR 20% DZEFL% [n2Ses?® TV %I BLRZR < fREFL.
CURFORFAMED EFEROBAVEEZRTIL, BATEIIZ LMbNT,

ZE

1)U.-C.Boehnke and G.Kuhn,J.Mater.Sci.22,1635(1987).
2)T Negami,N.Kohhara,M.Nishitani and T.Wada,Jpn.J.Appl.Phys.33,1.1251(1994).

DAV T 4. XBEIFTER

61

MFIRRERER) p 320,7 7 *#1((1991).



Cu @R, FRRIRD Cu(In,Ga)S, EROFAMEED L

The comparison of the microstructure between
Cu-rich and Cu-poor Cu(In,Ga)S, solar cell absorber films

BEA KT BTER STHERER
BIEEE ZHAES EEAIE
R. Kaigawa, A. Morimoto, T.Uesugi

Department of Electronics and Informatics, Ryukoku University
Seta, Otsu 520-2194, Japan

Abstract The microstructure of three-stage Cu-poor Cu(In,Ga)S; solar cell absorber have been compared with
that of two-stage Cu-rich Cu(In,Ga)S; solar cell absorber using a high-resolution Transmission Electron Microscopy. It
was found that the grains using three stage evaporation have more defects, twin crystals, and another crystal structure,
and most of the grain boundaries are irregular, such as a sawtooth shape. The grains using two-stage evaporation have
less defects, and the grain boundaries are straight. The difference of growth mechanism between three-stage and

two-stage evaporation have been discussed with comparing with the case of Cu(In,Ga)Se.

1. IXCHIZ

CulnS, XS EMILEFCuBFEIRECTIERIEN 5, CuBFEMRETARMK T 2 Cu-SEIFEEMN
iR Z CulnS i e T2 O TR XMBOBEZHES L, BE ZepB CulnS, i dk03 £ /K
TENLTH D, FxILLLRTOFE C2ER R % AV 72 Cul@ R IR RE D Cu(In,Ga) S, #EE
o KEEMEERLL, Se-freeh Va1 T4 FRAKGEMORZEEHBNE12.3% % 08
L7=Y, Seft# R CulnSe, TIXCuRBRETHRE ST THLRARPEEESHFON 72D,
KCN=Z v F > 7R N5 2N CuRBIREDIEBEERIESAVW LN TE -, LALLM LYFHR
CulnS;DHE . W CWIn&iH T LA CulnS; IS AR E T, E/CufBIRETHRES®
723BA. MBXRMABIRICE RO THR—NVEBENNELRY, &HEpE CulnS, kR
BELNRNWZD, S FETCRBKREIZT 23EMEARENAVGNTI hotz, LA
L3~ IXLLRT DOBFFE T3P EIE 2 BV 72 Cu S R R BE D Cu(In,Ga)S, v I % A R EVILER
L7ctk, KEGEMZER LIZFER, BRUEI3I%ERE LD, AFETIIS £ THES
NTIRPo 3B EEREE AV TER L 72 Cu R & IR E D Cu(In,Ga)S, 7 FE D kil 1E
FEOERRE AR ETHEEELAVTHES, CulfRIIRED L D LB Lz, F /2B,
3ERFERER DIBFR % CulnSe, e Db D Lttt SV 22N Hi&aw L7z,

2. ERFE

Cu(In,Ga)S, FEIX, ZABLEEZ AV TE | EFETEMIBE 250°C T In, Ga, S 27
EL., 52 BETHERIEE 5100CT Cu, S 2RET5 2 BEREEICL - THERLZ,
%2 BRFEIL IntGa X Y Cu 23 20%1BBNZR o772 ZATHRT Lz, 6 3 BRFIIERIEE
ZEIRICR o7 FEF In, Ga, SEERBL., DI IntGa BRI D ETEHEZ LT,
Transmission Electron Microscopy (TEM)iX 300kV HITACHI H-9000UHR % AV T ilii& s
FBE LT, TEM BEZARHIBBMEOR, 140 IV Ik TER L, 2 &
Bk EEEIL KCN = v F 7%, 3 BEMREEEII= Yy F U7 E L CTXBEM
(SLG/Mo/CIGS/CdS/i-ZnO/Al-ZnO/Ni-Al) % {E&L L 72, ARRFFE TRV 2 BFERER D Cu 1B
#l Cu(In,Ga)S, HEED KIGEMEH LR IL 8.3%( (total area), 3 K ED Cu &2
Cu(In,Ga)S, #EED KIGE ML HLN I 7.8%(total area) T > 7z,
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3. ERERLEE

Fig.1(a)i% 2 BXBERK & S ¥ 7% as-grown %, Fig.1(b)iX(@)Z KCN =y F 7L, RED
Cu-S ZHY BRWVZ IR, (o) 3 EXBERRE X ¥72 as-grown #EED SEM B L LR ET V%
¢, Fig.l(a) LV 2 EERERKE S 72 as-grown BIEOREIZITFKAEIRED Cu-S 23 8-
TEY, REMZFELTH D LD 5, Figlb) L ¥ RED Cu-S ZEY RS L RME
BIBOEMNTRLS LD ERDLND, CulnSe, DHRIXIZyF U 7ROKREILVIELAT
HDHZ ERMBENTWVAD, T CusSe (melting point 523°C) & Cu,S (melting point
813C) LARIZEVAH B L EZX LI KERE IV T CulnS; +Cu,SHKRET Cu,S
ITERITHIE L TV 2= CulnS, RAEZ ZERIIEL NI L2V EE X b, Fig.l(c)
I 3IBEEEREHROREIL VMDD KESZoTNDZ EROND,

Cu(In,Ga)S;

Cu(In,Ga)S;

Cu(In,Ga)S,

Fig.1  Surface SEM micrographs of an as-grown 2-stage film(a),
an etched 2-stage film(b), and an as-grown 3-stage film(c).
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Fig.2 12 2 BEPE R RIEZ AV THERL L 72 CuiBF| Cu(In,Ga)S, IR (T~ v F 7' #) D TEM
B a2 T, EFHRETERNDS Cu(InGa)S, BRIIBRETHH L 2R, 1R 5M
KOFESE, TEALT 7 RREOKRALFEY T, BRBAFRENEEFEAELTVWDZ &N
Doz RLFITERIE 72138 6 072 AR 21 & Fda Y A X1X300-1000nm Tho 7=,

0.32nm

am| - —
(@) (b) (©)
Fig.2 IR-TEM images in the neighborhood of the surface of an etched 2-stage film.

Fig3 HR-TEM images in the neighborhood of the surface of an as-grown 3-stage film (a),(b),(c),
the electron diffraction pattern (d), and the FFT image (e).
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Fig.3 12 3 Rk RiE % AV THERL L7 Cu A2 Cu(In,Ga)S, #MED TEM 8% 7~ 3, 2 Bl
REREE L FRRICRIRIC T TV 7 7 A LFEE T, BRARLEAEEFES L TWS D
EBbpotz, L LAFITERHTIIZRS, EHROELRBERZLTVEHOLH-
ol

2 BERERR R TlE. £9°(InGa) :S: 7V I —H—IZ Cu & S BEBSh, 7V I—H—KN
W LTV, BREGICEVEREEL, BFRENHEE L. Cu,S 25k i Z ik
THZELTRANBLIVEGLIRY, IVRATRIAF—D/NEILR2BL51Z0-< D
METHEEZOBND, Fig2)lXZDETNVEZTRBL TV,

BRI THHE 2 BERE LITRR Y FEIBRERRIIKERSEE 2 b5, 3 &
BE R TlE, YIRIKD Cu-S B LI In,Ga,S 23%E S, Cu(In,Ga)S, FEfREM T F4AER L.
()EICEERZ<RI>FMIZEE LTV EEX BND, FigdIXIDETLVETREL
TW3, 220 111° OAEZR--ERESP<QI>HRICMIIZEE L. Fig3c) TRLL
NG THE > TEAKRDOKRAZFER LIZEEZDND, ZOFEARIIKRE L[ ET
FINF—Z2R L CARIIKEEAE LEER, BSEEL16Nn5,

Fig.3(b)IZ/R L 7= 3 B¥pERk & TIERL L 72 Cu R D Cu(In,Ga)S, % TEM B D EF#R BT
B L FFT 8% 224 Fig.3(d). ()R d, BT, FFTRIZXA N —U BRoNHZ &
NHNR)EICERBRMNEL EXNDZ EB8bd, EOIZERMHFONED RoNT-,
F-RAERNAEED CulnsSg EEZ LNDERNLOBRIITERLINT-, CulnS;, DBFE.
0.92<Cu/In<1 D%V Cu/In EFH T L 7> CulnS, BADB AT T, T 02 Cu RRREIZA
57L& TH CulnsSy FEdmBEN D LB 2 545, CulnSe; TiE 0.77<Cu/In<l DJAEV™ Cu/ln
#1FA T CulnSe; AN ALK THDOT Cu REKRETHREI T TH RERERE L1503,
CulnS; D& . Cu ARIRRE T CulnsSs FEEBE BIZAKE T 5 D TEZIRO KFEMD
ERINFEFICE L WVERICARS B2 b5,

4. ER

Cu iBF| Cu(In,Ga)S, BIEDH A, B2 DM OFER O FER T, RIIERO L 2131
Soei#RE L TND Z L bhoTz, Cu A2 Cu(In,Ga)S, MRS f DKL IXE AR TIX
R EAROERREZ LTEY, EEEFMO<RI>HFRICEBE KM, HEPER
BB EBRbMhoT, X HIZ CuRE Cu(In,Ga)S; EIEIZ IX CulnsSs fEdm £ B X b D&
ELDBEENTWNEZ EBbhs i,

HEE

AWFFEIL. NEDO KIBHFEE T X T LARKEMHFERFE (X7 U —HIRI/BErEEE R
W 3EEZE CIS KEERBORIEEME R LLTNEDO 2oZEELZIT TCERLIZLOTH
%,

BE IR

1) R.Kaigawa, A.Neisser, R.Klenk, M.Ch.Lux-Steiner, Thin Solid Films, 415(2002) 266
2) R.Kaigawa, T.Wada, S.Bakehe, R.Klenk, Thin Solid Films, 511-512 (2006) 430
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AEE B ZAVT Zn HIL7 Cu(In,Ga)Se, B KM EMORIE

Formation of Zn-diffused CulnSe; film by thermal annealing using dimethylzinc

DVRFEEBRY BLFH SIEFHFRIFEH
VHALKRF £ T E R IR
INEERME D, FIERESR V. A RS R ). HRERR Y, REERSLY
FEEAED, MLpED, BRER?
T. Kato?, T. Abe , T. Kawai ", A. Miyamal), A. UmezawaV), T. Yasuniwa"
H. Nakanishi”, M. Sugiyama®, and S. F. Chichibu?®
D Department of Electrical Engineering, Tokyo University of Science
2 Institute of Multidisciplinary Research for Advanced Materials, Tohoku University

Abstract  CulnSe, pn-homojunction diodes were fabricated by the thermal
diffusion of Zn into the p-type CulnSe; films using a dimethylzinc [(CH3)2Zn:
DMZn] vapor. From the capacitance-voltage characteristics, the depletion
layer width and diffusion potential of the junction were estimated to be 300
nm and 0.6 — 0.7 V, respectively.

1. IXCHIZ

BITE. CulnSe, (CIS)EE KB EMD Ny 7 7E@E L T, {LFEERHEFE(CBD)IEIZE D CdS
R Zn RILEW. In RIALEHBAVHN TV B[1-3], CBD-CAS Sy 7 7B DEEL, ZnO
AR BBEDT T X< Z A= DIERL, NH; D=y F 7RIS CIS ZHERBLIEDERZE,
EIERBIRIC LD v bR ADIEH, 51T CIS EEA~D Cd DIEBIZEIAREED n
FAACIZFED pn R EEE R DRI E S 12725, L)L, CIS KEFEMEE 7 o281
HIERARMEDT=01Z1%, RIAT e v RZEDB Ry 77 BRENEELV, -, BEARY
B CThHD Cd ZHERTDULENRDHD, D70, CdS IZRDDRTA T A THlREATRE R/
v 77 B DR EREIEEANATOITVS[4,5], FFIZ, Zn(0,S,0H),. ZnS. ZnSe. ZnIn,Se,
728D Zn RMEEW /o7 7 BHRE H E4, Cu(In,Ga)Se, BIELD R EIZEITSD Zn OILEEL
R pn FEEETFERORLBITOILTVB[6,7].

CIS EEKGEMDAMEAIE K DT-DIZ, VLM TRELEEICELZFIELLT, 7o
T RO HEMRTAE Se (LIEDBMON TS, KT N —FTIIINETIZ, FREROT T
/Ll [diethylselenide:DESe) % FV ‘e KAEEL ALk T CIS #ERREZIT>TE7Z[8),
DESe I, —fi%IZXHH Se fLiE THWWO
% HySe lZHEAR, ZIM TR EIHERATES
EVOFIE BB, IHIZ, Se 1L, FX
JICERNIZBWTEBERDYAF VE
$h[ dimethylzinc:DMZn)% F VN CEWLEL
EITHOET, FiREBEERA TR
< Zn BSIMHIFIEEE 725, ABFF TIX CIS
BERE~D Zn HmMZBHLLT,
DMZn ZJFEEHZFAWT Zn 2BEHBSH DESe DMzn
770 77, Zn BAOLT= CIS #EiEZHWT
KIGEMEZREL, EXEMEEZFAEL  Fig.1 Schematic diagram of the selenization
77 equipment.

Exhaust system
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2. ERFE

Mo/SLG MR EizEHE 22728 &F1E K O DC
v R b RNy ZIEICTHE L
Cu-ln VA —H% %, Figl IZF=-T X%
i {272 3& (& C DESe Z H\ T Seft L CIS selenization
BREZEE L, £0%, RKRISENIZ  515~570) e
BUWTCIS &% DMZn # VT Zn &

TEMP. [°C]

_\Zn-annealing

%/i—_icp_,(‘-‘.j?:__/l/bf:o Se {E&@ Zn 5,55—;: 300~500 ssacheisnssnunssnsassasanse 1 5 .

e . : ~5min
HR7 =—/VDIRE > —%4 A% Fig2 Cooling
2T, Se {LITARIEE 515~570°C, A%
K WFfE] 60~90 43, DESe it & 35pmol/min, 0 " TIME [min]
A AP & 2L/min D&M T TIT o7, Zn
FHRRT =—id7 =—/iRE 300°C, Fig.2 Temperature sequence for
7 =— )V 1~5 . DMZn i & selenization and Zn-diffusing.

70pumol/min, ¥4 A Hit & 2L/min DFMHET
TITo Tz, WRIT, ~U a7 Z X~ R /3y ZFHWPS)E9]ZAWT Zn M L7
CIS #fE £~ i-ZnO X ' Zn0:Ga ##HFE L, KB EZRAEL 72,

In FEKIT =— N L7=RAEHIx LT, BHEOMEIZ XRD #IE, REDHEMITE D
HTIZ EPMA BIGE, iR S HF MDD HTIZ 7 v —E RN 5T (GDOES), HtEr
HEOREIZ PL AIE, BEXRFHEOAEBICEREERERVEEEEAEL ENTNIT
STz, £z, RIELEEXBEMIZH LT, EREEAEEZITo .

3. KEBIGEE

DESe # Se i & L7z Sefbikic L V., BEZ 2um BEOZELSE CIS BELHKE LT,
ok LIcEREOREIIAE 1~3um BEDOHEEPBICEET->TEY, E—AT X k)
5 Mo & CIS OEFMHIT+7THDHZ L 2R LT,

E2IIZNETIZ, CIS #E% Zn FHKHFIZT350°C L ETT=— 352 4I128Y Zn
{LEYDTERRSN AT LE]EL TE7[10], 5 EIX, CIS #EE~D Zn HINE BHIEL T,
7 =—/WBE% 300°C L7z, 7z, HESN TS CIGS EE~ Zn Z22MEBI 12D
Zn DILHER([71LY. CIS #E% Zn ZFEKHFIZIBVT 300°C, 1~5 HE 7T =—/ LIZKED
Zn DIEEE % 300~550nm & RAEL o772, 6o T, KAER TIIT =— /L EEfEZ 1~5 5D T
BALSHTZ,

Zn FFEKF T300°C, 5 Hf7=—nL £] ¥ CulnSe, |
73EHD XRD /S¥—2 % Fig3 WO7d,  4f = B2 oW Sty
CIS DAV A F7AMERICRE T 2ET 8] 5
DHERER LI, - &

Zn BRKFTI00°C, 19RO HET 2| § 3
=— N LIRED Zn DIRSF AT 0774 | g T g8 <
V% Figd [ZR T, DMZn 2T 300°C. o S S 3% \

1 5RO ST =—A L CIS EE~n % , , ,
Zn DIt RELHE, Figd ARz 20 30 " E:j%g] 50 60

AT IITENFI 200nm KLY 450nm & ) )

3 XRD Zn- CulnS
720, SERRIR T = — L RERICIRAELCL s o Ak D pattem of Zn-diffused CulnSe;
BEEZHND, £-. Zn M CIS EEF~
RLILBDTWVAIINZRAHD1X., MDD
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2]
o
o

g w S—
= @ 77K P2 CulnSe,]
. 2
(z) '03_:- 400 Ref[7] .- P1 £
—f =W _.1"7 This work 3 I 1 1DMZn
21 Y o200 @ 1 ) P : flow
= & E = : 5min
. . 0 A " A 1 ]
£ g 10 100 1000 £ m
E v DIFFUSION TIME [sec.] ? il | ) 4 3min
i [; LY — 1
7} : . DMZn flow 5min 2 /\k_ _
5 v : 3 ] 1 ! 2.5min
= R EF ANy :
-z- ‘ E \ = . 1 E
o |t ; T LA ' 2.2min
w i L ! 1 J
(@] 1 D
()] 1 » 1 E .
[0 _gﬁl 1min
851 : 3
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0.85 090 095 100 1.05

0 500 1000 1500 2000 PHOTON ENERGY [eV]
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Fig.4 Depth profiles of Zn into the CIS Fig.5 Low-temperature PL spectra of
films by GDOES as a function of Zn-diffused and as grown CIS films as
annealing time. a function of the annealing time.

bHBHEHES CIS BIEREIZERIT S, GDOES Al EREDO R —I2 2 32V 7 RIRRE 8-
TWBEEZBND,

Zn FHESRH T 300°C, 1~5 7 =—/ L7z CIS DIKIRIZIKIT 5D PL AXI7hL% Fig.5
IZR T, Pl OFRBIIT=—LEIOREHIBW THRER LIZZ LM 0, CIS EHA D KMUENT
WCERERT AR I THEEEZOLND, —H . P2DENKIIT =— L LIZRE COARER LD
ENG, Zn IZETAEMICRE T AR AL THDHEE X HND, Zn FHEHKF T 300°C, 5 45MH

=— N LI REDOIRIRIZIIT S PL AT ML DR YR E R M Z A2 25, Zn IT
B89 57 P2 IXhi LR E DMLV E =R VX — A~ T LT2ZEM 6, DAP ¥ X
ThHHIEERERLIZ[11], Zn AN CIS DM HENIZEE T DR EFNIIFEAEEND T,
BT~ Zn BN CuGaS, D RMMHUENL[12,13]2EBL. B — 7 TR ALX —DI 7LV R M
MEAEBRH T DL, Znc, B39 70meV DIEHAL = RNVX —%FFORFER L Iz HERI T
x5,

Zn ZHKH T 300°C, 5 A7 =— LIz BHIX L T, Ay b7 ua—7ERIC LA B R
H D pn PIEEIToT2EZ A, n IEEM AR T ILEHER LT, ZOREIOEFEE RN
BLHEBNIELNRD 72D, Figo HARIIR T IOICERELZER Lz, #K£- T,
300°C, 5 D Zn FERT =—VE2{TOZE T, pn REFEES B LIZEE X OND, S5

o BREEEAEIVESN-, HEINEEL 1/C° DEME% Fig6 \o= T, —fRIZBWLETIX
EHHER L 1/C Ty s TR BI85, CIS HEEA~ Zn BNBYLEL 72221259 pn
REBAEBNERINEEZOND, £-. 777 JVIEBENMZH 0.6~0.7V. ZZZ BIEE
#) 300nm & RAEH -7,
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4. FER

CIS #f&% DMZn & FH\ T 300°C. 1 72LA 8 [rrrrrrrrrrrr——r———————
ETT=—ndBZLI2LY, CIS BEXRE~ i ;‘07("‘ Temg,
D Zn FWIMRFTRETH DL NbA 57, Zn o
DILENLT =— WEREREITIKTFL QWA EE 2
b d, EIRIZEITD PL ARIMLHG, Zn
WCERTHEE 2 HNDDAP E AR T
72 REEEREND pn FEESOILHE
fr, ZZZEIEIXELEA 0.6~0.7V, 300nm 2k

o
T
K
=

o

CURRENT [mA]
o
(%))

H

1/C3 [x10% F]

-1 0 1
VOLTAGE [V]

N CulnSe,
FEREELHERIL 7=, DMZn flow
Vs 5min
0 X L L L
-2 1 0 1 2
EE REVERSE BIAS [V]

ARBRIHABNREEL 2B ERBKRF
BT ERPRABRFT=AFTHAKICEIRY Fig6é Representative 1/CV and IV
LET, 7. KBFEE175 L TAL 31—, curves of the Zn-diffused CIS/Mo/SLG.
THBATREELANREFE 4 FLEF
HE—K )0 &R RICRBEHLET,

BE R
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BEFABFEBIOHULEEZ V- SnS RABEMORIE
Fabrication of SnS Solar Cell by Vacuum Deposition and Sulfurization
REEMNRE BLEN EREFEFERLFER
B ORER, KEF—, BNE#EH, ZNRE,
w2 PIEAE
Koji Noguchi, Kenichi Ohtsuka, Keisuke Miyauchi, Takehiro Minemura
Mutsumi Sugiyama, Hisayuki Nakanishi
Department of Electrical Engineering, Tokyo University of Science

Abstract SnS films were prepared by vacuum deposition and sulfurization.
From the X-Ray Diffraction (XRD) patterns, the peaks due to SnS were
observed. CdS/SnS heterojunctions were fabricated. The junctions exhibited
rectification properties and photovoltaic effect by I-V characteristics
measurement.

1. IIL®IZ

SnS IXIV-VIIEO R G EEEEZF 2L EM L E R THB[1], /N FHEEIT indirect gap
1.1eV BLO direct gap 1.3eV[2]EMESNTVDLD D, indirect gap DRIFREIZEE AR
direct gap PR IARE DSa = 10°cm ' [2] & K &V V-8, EHEBBRHERD LI IRES Y8k
THHEE Z LN TS, EEHIHE D KBS B BHI R E(1.4eV)IZUT V2D, SnS 115
3 KBS EMATEIE L THIFE T&ED, £77. Sn/S HlZk > Tp B, n BIDGIE FTRESL VO E
[31&Y pn FEESOERLIARZFTED, BE SIITRODE 2 R KB EMAMEIEL TRLE
B & TV % Cu(In,Ga)Se; ixFH & /& In, Ga R°F EILE Se 2 A TWBH2D, [REFa RN
RE~DOEEEORBERDHD, —77 SnS 1L, BB LD Sn, S DIT—IEBRENE 30, 15
ALLtER PIC BB ICFEL, AMESCRBHORE~DEEOREIVWMEEZER LN LMD,
L CRE~DEEDDIREERTHD, IT4E., SnS 1T~ R FEICIVEENRRARASN
THY, CdS/SnS #EEDKBEMLAESHTVB[4], LMLesb, BEREDZVEEE
ML F R HEFE(CBDE 4R AT L — G RIS E DV =y B BRI L AL D TH D, £
D=, REBBIZBWTALER DM SNELRY AN REE CRABBENES,
ZZ T AR TIE, TENFIEDEZVRIA TR THLIELEABIEBLIURILIEIZLY
SnS DR EZEZITV . SnS ZHRINE L L7 KEEEERIELT,

2. ERFE
HBZEZARERBLUONLEBOBERE Figl 12
R Y —FFALHTA(SLG)FEAR L IcEZE 7%
EIEIZT Sn A HERBES 721, Sn BIEEZFEEN
THESHEITICH T LI2LVR{LEH., SnS
BREOKEEZITo, KRIZTF Y N—HNES
10°Pa B. Sn 2 DIFIRES 670°C &L, HEFER L]
% 15, 30, 60 (LS H, 52 Sn DHEFER T
ERINS S HREANTZEDITH 200°CRREICH
BLRILF ¥ /N\—HNThHif/bZ1To7, Sn ZEF B Fig.d Schematic diagram
F OB T I I ERIEMENTIT o7z, BLELTZ of vacuum deposition and
ABHT, B EFMICXRE T XRD)EIE ., X I sulfurization eauipment.
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BRICEERE THRMECEM)BE, &
HH B OFAE ICFE BB EE AV CEHliE
1T o7, F7-. SLGER LIZEmEMLEL T
Mo % RF A/ 3XvZIEIZEVHEREL . 2D kI
BZEZABFERBLORALIEIZLY SnS i E
SH, LI L FEEIRHEFE(CBD)ET CdS
ZREL. Fig2 OINCREEMBDOEVK
BEMELEBEEZRIEL, AEL-EL
WXL CEREERIEEZITo7-

3. BEBIUOELE

Sn DZAERFMEZELIEZHED SnS
HfED XRD /3% —% Fig3 \oR"7T, Zh
X0, ZBERHE 60 537 L7IZ3EFTIT SnS,
XS OEFMERER LA, SnS I[TEE TS
ElIHTbrER LT, AR 1547, 30 v DR
B CII 224 72<, SnS IZERTHET
ZRER LT, F7-, ZZEREM 15 49,30 49,
60 3™ SnS D(111)[EIHT D HMEEITENE
210.31, 0.33, 0.83 E ThHoT-Zenb, KB
R Z LT Bz o0, KW BRE 7R SnS HiE
BEETETCWBRIER G 0olz, Zh kv
B IR EELRILIEICLD SnS BIEORE
IZBUWT, 15 W) LLBRBY RV VB R R
TH RNV SnS RO E M FIEET
BHBIENTT T,

EENRZRDREKRZ SnS EREORE
SEM 8% Fig.4 |27~ 3, SEM 12 (a),(b)DfE
BEiXZEhZh 1.3, 3um THD, Zhdb, &
[EREL DI > TREIR AL AR5
EERFRTABLI,

FBIRART MU DR IR a% KD, Z
NEAVTHFZALX— (hy) DEAEEL
72 (ahv)?* 7oy R LI=b D% Fig.5 \T=T
KV, RIS AT I AR M HERL 7R &
EENTWVWARILICERTILEEbNS
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Fig.2 Schematic drawing of CdS/
SnS/Mo/SLG solar cell structure.

k kokokk

XRD INTENSITY [arb.units]

40 60
20 [deg.]

Fig.3 XRD patterns of SnS

films as a function of Sn

deposition time.

Fig.4 SEM
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Enhancement of Mn red emission in SrGa,S4 by co-doping REE

A AR FCERFE
ARNRIE, BEmTHE, BRRE
Toshimitsu Obonai, Chiharu Hidaka, Takeo Takizawa
Nihon University, 3-25-40 Sakurajosui, Setagaya-ku, Tokyo 156-8550, Japan

Abstract  The enhancing effect of REE for Mn red emission in SrGa,S4 was
studied.  SrGa,S4 doped with Mn and REE was prepared by solid state
reaction, and PL and PLE of these samples were measured. In PL studies, La, Ce
and Pr were shown to have good effects on the red emission. Concentration
dependences of the three REEs above were investigated within the range from
0.1mo1% to 30mol%. 12mol%La was the most effective in SrGa;S4:3mol%Mn.
This can enhance the Mn red emission by approximately 20 times.

1. FRER

TNHVTRT AT V— NI, TAVHVTRAA L # /TR A CERTHZ L
WXV AMERERDO S T ERREAZ R ITZOHNEREE LTHEAHSIA TS, &
NERANWCTT 4 A7 VA CBIAADRB ZARENENRE—FFAETERT I N TE
i, KB, BROEBE~OICHABHFFTE S,

TVHY TEFAHTL—FOFTH, Sr FAHLV— b (SrGa,S,) 1. NV FXx
v 7N 4.3V THY., BUOHEZTRT Ca FAHL—FrDENRLID KEW=D, &
DRBEOBNEHLENAIREEE X bND, BIE, Sr FAH L — I, Ce. Eu N
TENTNB, ¢ OREXERT I ERMESA TS, ERRREL LTRASND
=01, LRORBLETH D, ZOREBDHZODIZ, L OEREOREFLE
LTHMbND Mn Z2EMNT 3L M* 4 42 DB REeBRRNOEFER YRR & T

HEREBRDOEWHREDOREE RN, = -
DFEIEITFFTE TEMTEES 20, gzwmmwmwamm
L2L., RA7eHIT T E TOMET, _ RV S
SrGa,S,IZMn & Ce ZILEEMT 5 & Mn DFRE % | St S, Celimol%s)
REINTRBANZHEIN L . REAHZ Ce DEHEBZ % :i‘giSrGa:S,,:Mn(lmol%i\‘“.
ERBDTEENIFEREZE TS, Fig. 1 é :
IZE %R LM, Ce LIRMORBHI 1. TeV s
FHE R AR AN AN
Z Z T, AR T, Ce oA T : PhomnEnergy[eV]Z'S el

# N o vy Fig.1: Photoiuminescence of 1mol%Mn,
(P, Lu (ZERVC) RG] & LT, 1mol%Ce, and 1ml1%Mn-1mol%Ce doped

SrGa,S,:Mn DIREFENDIEHEEZ AT, £  SrGasSs The Enhancing effect of Ce
Bal LTI, Mn B L% +585c% (REE) & for Mn red light emission was observed.
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Fig.2 : Photoluminescence of SrGasSs doped with 3mol%Mn and
0.5mol%REE. The red emission of Mn was observed at 700nm. La
showed the strongest effect on the red emission.
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Fig.3: Magnifications of SrGasSs doped with 3mol%Mn
and 0.5mol%REE. The black line in figure shows

the intensity of only Mn doped sample.
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Fig.4: PLE spectrum of SrGaszSs doped with
3mol%Mn and 0.5mol%REE monitored at
700nm. The Maximum excitation photon
energy of Mn was 4.05eV.
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SrGa,S, :Mn \Z &/ HHHITHK. FFiZ La ZTRMNT 5 & Mn ORER D KIBITH K I N,
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Improvement of luminous efficiency of ZnAl,04:Mn phosphors synthesized by the citric acid
gel method

FRE KT EFILFERRT
&8 Flf, BT, P FER, &
Toshiki Nagura, Hiroko Kominarni, Yoichiro Nakanishi, Kazuhiko Hara
Research Institute of Electronics, Shizuoka University

Abstract We investigated the synthesis parameters of the citric acid gel
method, which lead to the improvement in the brightness of ZnAl,04: Mn
phosphors. It was found that not only the Zn/Al molar ratio of the source but
also the drying time of precursor have significant effects on the crystal
formation, the luminescent properties and grain sizes of the synthesized
phosphors.

1. 3C»IZ

BIEDIVEEALTHERILERITBWT, TARTLADIGASRENIERL TV,
BlzIE, TARAT VAL TV R° PC E=F—REDINRARFREREL TEDNDTEITTRY,
B2, [ F—FRybavt’ ), XEELDOFTBRE DEHSFICHLERShL WA, 2
DIHRISADT=DIZIX, TAATL A EIZTRIBCTRAZBVDEEZRRTHIENRDLN
5. ZORMBEBIETHHED—DLLT, ROBEEILKTHIENZETONS. BIL
BHAT A ZTL AT, BEORVIRE, A, TL TEHERENLENLEIZRS.

AFRETIE, TARATVLAIBITHEHFHOELENZM L5720 OEMBEREDO—
RELT, RABIROAIEEIAT 72D DELEDERRIZEVAA TS, ZD5HM15
® ZnALOsMn i, EFBRAEIZLY (x, y) = (0.14 07D T EICRESRLZETIHZEDE
WIRBE NI EZ TN, BROBEIXIAR+5THY, Z0oM EXRETHD. B LT,
ZnALOs:Mn FEARDRE RO EE BIEL, 7= BT WiEE Az ZnAlL,Og:Mn O
BRREED TS, 7TV BT EIIRMEIZ I EITRETHIENES I D, Ak
R —T, hOREFOBHEICH BRI 2ERT 5 L CHRIR FiETHD 2.

ABFFE Tl ZnALOg:Mn EIEAEDEE R _EE2 KB/ 0D EBHTELL T, IBRATHEE
D Zn/Al TV B X ORTERYE ORRREF D RE DR EIC 5 2 DB OV TR

2. ERF®E

Fig.1 |Z ZnAlL,Og:Mn EIEAEDE K FNEZ T, B EIEL T Zn(NOs),, AI(NOs); %,
IO EIEL T MnCL 2BV e, ZhOOREMENZ Y = BE%E N2 MK TR+ 228
\Z&Y, &R —7 T BEEROKEREZT | Zn(NO,), | | AIINO,), | [MnCL, | | Citric acid
45, ZOKBEEE 165°CTNEE & 2mol%
THIEZEY, ZOSEEERIT T LAL
LT NVEERSE. BIZZhEfEL

<+——— Purified water

ATEEE 2 ERIL 72, IR\W\C, T D RITER Solution
MEE 1200°C, 3 BERIZEE FCRERL, |. c
HIEES TNV EER L. &7 Drying | at 165°C

|
Firing |at 1200°C for 3 h

IZOWTC, X #HKREIHT(XRD), EF#H#

R (CL)Z L CEERE FRME

(SEM)IZ L BFE 1T o= Fig.1 Flowchart of synthesis procedure of
ZnAl,04:Mn phosphor.
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3. BEBIUGEEZE
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% 1.02.0 RiETERLIZRE Tl ZnALO,s DLIZ ALO; BFERLENT-DIZXL, 1.0/2.0
PL EDE Tl ZnALOs DE—FRF SN T-.

7 /—REE V=5 kV CEFHREIELRIE L=&RED CL AXIMV% Fig3 IR 7.
Zn/Al E/VH 0.7/2.0~1.2/2.0 DEEHETI, CL SBENKELRAEMIIHD. i ko
FEERMED M E L2 RRLI2bDEEZ LS. ZHUIXLT 1.5/2.0 TiX, ZnALOs @
HRERRWIZLEDLSLT CL MEIXBAD L TWA. ZORRKEIL, 8%l Zn OFEEICLS
HoLEbns. Bib, SB0ARRIZIITHEEIZ Zn 1%, ZnALO, fEsMIZEITS Zn YA
~D Mn B#ZIFHITHEEZLNDINGTHS. Zn/Al E/LH 0.9/2.0 £ 1.02.0 EOSEHET
B RLT-BEHI BT CL B RIIFZ KR ERY, TDLE 1.6 Im/W THoTz.
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Fig.2 XRD patterns of the ZnAl,O4: Mn

powders synthesi?ed from the source with Fig3 CL spectra of the ZnAl,O4Mn
Zn/Al molar ratios of 0.7/2.0 ~1.5/2.0. powders shown in Fig.2.

The drying time of the precursor was 24h.

3.2 RIERE DR FKFE

Fig.4 |2, AR E DO EREMZELIETEKRLZRAED XRD AIERREZTT. &
HREFREIN 6 h DFE, ZnALO, DHLIZ ZnO RTINS DS, 24 h TlX ZnALO, BE—DRLF
BRSNS, Fig5 IZ, ZNOHDOH L FD CL A_IMVERT . BEFHROMEEEIL 3
kVTHD. ZOFERND, FoBREEA 6 h TIXF IR EINZ2VR, 24 h TIXAZWFE L
B/RONDZENR DD, Figb (2, ZNHDH T )LD SEM B%E/RT. 6 h DK T
24 h OREBIORLFH A RXIFTASHT/NEL 7> TWS. LLEDFERLY, o7V OFE &
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W5 Y ERERAELTAL, BB R OMEN LIV ZLBSRINET-D, EEA4
BEEIRLTD. ZOXRRMRMEFT OEEBEA AL D, AFEDOERFER T o2 RIZE
BRZEEZRIZLTWDALDLEEZHND. Zn0 IIEZRBRLY OB ITAEAEIEL TRV
NTEY 2, Zn0 FEICIIFEE T COERBICDBBREL TCWDEEZOND. £, Mk
AZ U HRIEE DBERRIERICB W TIFEETDHE, Zn0 OfEGEEN R/eDZenEmE
ENTNB Y. OFY, BEEAAIZIE Zn0 D REZME TARNHHEEZ NS,

Zn/Al=1.2/2.0 A ZnAl,O, O ZnO Zn/Al=1.2/2.0 Va=3kV

i ) 1 T l T LI ) L] ' L) T L) L]

-~ 3| '
St .
= 2
g é - )
2 e L Dring time-
= — 24 h
3
Drying time;
WMM&WM
4 - A PR S SRR WS NN SN TN TN TN N TN TN N O
e 450 500 550 600
(deg.) Wavelength (nm)
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Fig.6 SEM images of ZnAl,O4: Mn powders shown in Fig.4.
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4. FEw

KHFFRETIX, 7= B NEICIVE R LT ZnALOs:Mn = HARDEEE M _E 2 K572 D
FEBELLC, REERBLIOEEEMED Al/Zn FEE/LVHREEBI ORI E D
BB T DUV T2, Al/Zn EVHRIEMEICEAL i, (b F B/ FHECCLIE
BENRRIC/2DIEEALNIU. SRR E OERRKFMHEICBEIL T, CL BEE,
& BRI R K ORI T A X DRI E O R FFFIC R EURFETHZEEALIC L.
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Investigation on growth temperature of ZnO/ Al;0; grown by MBE method

NIz S = N
ofcBEth— FATE kA RLEHE_CKAEMEE &'
Okayama Univ. of Science', Miyazaki Univ.?
oY.Sato!, M.Shintani', M. Yoneta!, K. Yoshino?, M.Ohishi', H.Saito!

Abstract ZnO thin films were grown on Al;03(11-20) by molecular beam
epitaxy method. To examine the growth temperature at the growth, Al,03(11-20)
was fixed by using SUS parts and In metal mode on Mo holder. ZnO thin films
were characterized by reflection high-energy electron diffraction, scanning
electron microscopy and photoluminescence. The In-fixed samples were able to
make the high quality ZnO thin films at the growth temperature that was lower
than SUS-fixed samples.

1.1ICHIT
FRILEESA(ZnO)E 3.37eV DUARNURX vo 752 H 35 0 -VIIE{L &Y B K THD,

B L HE SR DN T FE = R /LF—IT 60meV EREL, FiR (0 25meV) IZBWTHENRE T
DEEIFETHIENABETHHZEND, BETFE2BEALERAERFIOBETT M RE
LTOISHABREBFIN TS, —fiZWIZ, Zn0 BROKRII D FHRIEZIT ¥V
(Molecular beam epitaxy:MBE)EIERC/ VAL — —HfEE, KRHEREE. BEL B
FRABERF . R4 2T IETEBEREOH ENT2bN TS, ZOH T MBE I1375%IR
NODORBHERZM I HIE X, Ak R mEEsF L-BEOERICEL TRY, £
TLRRLRBIER R ~DILREIE Y, —7F . MBE %246 &3 2FIEBEERIRRE TR
EEITOBICT., BERERREEEZ ERICAELY., BVBEBRELZER T ILENRDHD,
—&IZ, ZnO BEARICIZ Y 7747 (ALOs) S EAR DAV SILTWAD, 774
TIXEINENSFAR MBI CEATHD720 ., ESRREREZEIBE I TR E
— OB L ABMEEICELAIND, ZOE, miRE7 Zn0 BERE HFIEERESLT 57
DIT, B FBRIEEX TP VIEIZLD ZnO ERMEROY 7747 EtRiEREE T EEK
RIBEOHBZRFNLI-O THRET 5,

2.ERFE

SFRIEZF v/ VRRIEE VT a [l ALOs(11-20) BfE &R 11T ZnO ERER
2T T, TDEE, ZnlXEEEEE Zn (7N) 2 AV T, Knudsen-cell i E % 340°CIZTHERRL
7o BRI VY —RIZIX 0, (5N) Z VY, mass flow controller {ZXY O, H A&
2scem(I&iB N7 7R AR FF 1scem)EFREL . ASIES 250W TERAL, 28, BlUREF
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RREELTWAIENMEA XD, ED% ., REIBEDETIZEST, ARy MRDZ—1 D>
BUTROIRE = <o T\ ofz, AEIRE 150°C TIXpkERLE 5 2% Iz, BRizY
Y TIROEHTZ— BHEL , St bR EITL TWAIENFA T,

Fig4 133 EtD> SEM B TH5,

SUS 18E. In EEELOLDFEHAK

RiREDEKTIZHEWREIHL 2o

TW5, ZOZEiX RHEED ~&—2 I

BARN =TI PHRR YR, U T ~EE
DA EITRIL LTV, In BEE Tk
# 400°CECHHAREAHERFCX
BHTEmbhotc, £i2, RAIUKEKEIR
FE 500°CTH->TH In EEDHTNER
HNEEHTHAZENEETED, =
I E TR~ E FIEDEWIT

SUS T, 600°C |

In T4: 500°C

£ o>T RHEED & —NRRyRE
AN —=21Z72 B2 e L TUWA,

Fig.4 ZnO D SEM {§

ZDZENS In BHE TIZIVEWHRERREIZBWTHIEEARE A EHR T, SUS 1EH
EIVIEKIBECTRER Zn0 HEEZ R TEXB RN H D,

Fig5 IZ In EEICLVRERIRE
500°C~150°C TR R ZIT o7kt &,
SUS 18 EEE CTRRIRE 700°C DR
Bl PL A7 MLVERT, BhEE IR
12 He-Cd L —¥—(325nm)ZfE AL .
He {BE@2KICTRAIEEZITo72, W
T HIH Rl E6D PL R
XEMTHY. 3.1eV LL T D deep
emission ITEEINT, RWHEM %
KT B FRMITFELRVNIE
Wbohotz, NURRMEDOREKITE
W, REIRE 500°C~350°CTix
3.365eV,3.355eV D2 DD —2
NENTZ, KREEE DK TITHEN
3.358eV I —27%H D7 o —R7a %

PL intensity (arb.units)

'MBE-ZnO/Al,0,(11-20) HeCd:325nm

—3.365eV Tm:4.2K
— 3.355eV
Tg:500°C [In]
Tg:400°C [In]

-Tg:350°C [In]

| Tg:200°C [In]
75meV | 3 1g4eV

.Tg:150°C [In]
2LO0
Tg:700°C [SUS]
3.4 3.3 3.2 3.1
Energy (eV)

Fig.5 In B3 ZnO #FE®D PL RARIML
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FNKERNZ/RY | FERENEL AR ENRDND, IHIT 3.314eV FHITIZ LO 74 /LY
#(1L0 (3.239eV), 2LO(3.164eV)) ZfE-7- AR — 27 2B |, lEIRE 250°CLULT
IZBWT, 3.314eV NHDOREENRRLIE o7, ZNHDRELEIROFFMILFAEF THD,
In EE CTHREIRE 150°CORAEIE SUS IR EEE CHRERIRE 700°COREID PL AZK
IVIREEELL TV B FE DD, SUS IR EFEE CIIERERREBESY AR LY —ER
IBEIVRE FEIS>TWAAREMDH D,

4.5L9

ZnO FEMRRLRFRF O EMRFEREEF IEERRIRE OMBEZRET Lz, BEF D RHEED
NE—2h 5 In BEETIX SUS IR EE LV EHEREES R ESNDZ LN o7, In
TE CTIXRRIRE DS 400°CE T, 2 IRITMZRFEHERFL TV D, PL BIEIZEY 3.1eV LT
DRNEMNODF T RON7203 572, SUS 1R RE E CREIRE 700°CORED PL R
A7V, In BEE TRERE 150°COREIEEEEIL THY, SUS 1 EEE CIXEDERE
BENEREBIVELA2-oTNBEEZOLND, ZHUT In BEEIZEYRLELIZBERD Rl
1% 0.16 u m/h A FIZAR2ZEHL EEHRRIRIBEED LR NAETTWEEEZ LD,

BE R
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532-536.
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(2000) 522-525.
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T4 MRy EVREIZED
non- and In-doped MgZnO/glass Dt FHIFH

Optical characterization of non- and in-doped MgZnQ/glass by photoluminescence method

MILEEARR ! MR OFAc=", SmET, KAk, SHE -2 KAEfM!, FiEE!
Okayama Univ. of Science', Miyazaki Univ?,
OM.Shintani', N. Kaneda', M. Yoneta', K. Yoshino?, M. Ohishi', H. Saito'

Abstract We report on the results of the optical properties of indium-doped MgZnO thin films
grown by using the spray pyrolysis method. Indium-doped MgZnO films were grown by spray
pyrolysis method at 500°C. Indium concentration was varied between 1 and 5 mol% in MgZnO with
Mg content of 10%. Photoluminescence peaks at 3.45eV could be observed in indium-doped MgZnO
films. The emission intensity decreased with increasing indium concentration. It shows that the indium
doping causes the number of nonradiative recombination centers. The thermal activation energy of the
peak was estimated to be 23.4meV. It shows that the exciton in MgZnO film is sensitive to local
inhomogeneities.

1. #&

MgyZn; O T B IZEB W T 7.5eV DY FX ¥ v 7% FD MgO & 3.3eV D
Ny RXY v 7%FFD Zn0 DREFEAET, RREEEZEIEDHZ LITLY
Ry FXy vy 7EZHBETE S D, MgZn 40 & ZnO Z AWV ~T otz
BRTAHZEICEY, YU T2 2REMICALIADETFREEZ2GD D Z LN
T&, ZHE TIZT ZnO/MgZnO ~7 1 MISFET#BED F 7V VR X BRIR/EI
TWBY, Lo LAaRnNb, ThbERSLAL—F—HBEET - IS FRIEX
FU—EICTEREINTEY, S%EALZBETICILTMAKES L%/
MTAHDVLERD D, ATV —RSRIET, BRBRRZAL-ZEREICEEL
BASRECERICEZF AT O2REEMT THY, REBICEEZEBELSLEL LA
Wiz, BBaARXAMNEMZDIENTED, ZOEME AT ZnO KED
WELRINTEY, KEBE S00CIZEBWT, ERETcE#ERKET D Z
LRbroTNE Y, AFETIIIDEI R FTERTE 5 X7 L —BSRE
% AW T In-doped MgZnO EROEKEZITW., 74+ ML IX vV RE
(Photoluminescence(PL){k) IZ THFAFHEZFML 2O THRET 2,

2. ER
2-1. RABHERR
REHIARA SV —BSRIEEZRANVTRKIFPTYA I B RATA RHT AEREI
IR EE S00C TRE & ¥ 72, Figl KA LV—RBOBER % =7, RABHE
R EUTIZR T,

A7 VU—]RZ¥ : BEEE Zn., EEBE Mg. (L In

FEX : R&RH

EWRIRE : 500 BE

ikl : 10 4

EAR A7 RAF7A4 RITT R

In BRINE : 0~5 mol%
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2-2. #ff

(1)PL #|E
PL I E 1%, #& K He iRE4.2K)2> 6 =E{R (300K) DiBEEEFHIZ T He-Cd
L—H%— (1=325nm) ZRIEXFEE L TITo7.,

(2)XRD #| E
AFETIT. XBEIBRBIZZ VT RAT 7472, BEIZC Cu %
AWwiz, BE»GBIBE~D X BEEH 100mA THHINZETF % NE
BEIE40kV TMELZ—F v hTHD CulGRICEHERIE TK B
F:15406 A )2 RASH AR TH D=4 A —F THRIE&FH20°~90°,
B EMFE 0.01°,8 E&EE 2°/min D& E THIE L 7=,

( 3)SEM & £
ABOXREHESL SEM 2 HWVWTEE L, KEAHZIIMEEE 15KV,
B O6OUADEHOT, BERAKEFMEY 45°OAER2 DIF TITo =,

3. BR
3-1. SEM-image

10um

L —

Micro-Slide glass substrate

Fig.] non- and I(lmol%)doped Mgy ZngsO D 3k SEM #l£2{8, (a)non-doped Mgp;ZngsO .
(b)In(1mol%)doped Mgp;Zny4O.

Fig.1 |Z In-doped Mgo.1Zng.9O @ CL-SEM-image %/~ 9, BEH R DO EF T
REEL LT EHBTHOBRBEBIER (427874 RTF X)), E
BB A3 (a)non-doped Mgo.1ZnoO. (b)In(1mol%)doped Mgy 1Zng O DK TdH 5, H
BPRICBVWTHVWRAITKRALFEEASBOBER S Z L TW 5,
CL-SEM-image 7* & non- and In-doped Mgo.1Zno o0 DIENR HT 7 A ER EIZKE L
TWB Z LR TE 5,

3-2. XRD 27 h v

Fig.2 IZ In-doped Mgy ZngoO ® XRD A X7 ML %E,T, In BEHEMO
Mgo.1Zng.9O @ XRD A X7 k)L % JCPDS40829 D MgO DT — ¥ & th#k ¥ 5 & |
MgO D A7 MMLVFBERENZVWI ERb2d, ZhilBESEREEEEL
L3 MgO MEET 5 Z &7< Mgo1ZnesO BEH SN TVEZ ERbn5,
Z LTHV(0002)2H DEIFTE— 7 BBEEI N D Z L2025 Mgoi1ZngsO 1L~ A
JBRATZA RHZAERET CHEERMBEE LTSI ERb0nd, FKRIZ
In DFEMENDBEML TV L0002 — 27 RERFHL Z2o>TWL, THix, In
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DA F ¥R O0.62A)N Zn DA F R
(0.60A) XV HL KEWZDHIZ, REHND In
DEIENHEZ2 In (LEVDOERDBEL D
Z LI X o T. MgoiZngoO @ ¢ #hEL [ PE DS
KFTsZLZ2TRLTWVDS,

3-3. K& PL A X7 k)L

Fig3 ICRXR 7L —{kIZ X B MZO D RLERF
WCBWT Mg DIMEZ NNZ7 A —FZ & LT
DO He iREIZBIT 5 PL AT MLV ERT,
Bz L. Mg OFRMEIPEINT 5I2H%
W.PL A7 M RBEZRALX—AIIZT 7
FLTWBZ ENb2D, Figd IZ In DR
MEZEESEZED PL A7 MM %2R
T IRWEMLD ORI In DEMEITK
LTBEINARV, /2. InOFRNELZHE
MEFEDBITHEV, 3.4eV FFIEL S DRENIX
Tur—KNZhR5, TELTRIEEELHE D L
TV Z NS, InDOFEMMBER L #
— DR ESIEREILTWVWEEEZLND,

Noﬂ-dopéd Mg']xZn1l_, o

He-Cd : 325 nm
42 K

PL intensity (arb.units)
PL intensity (arb.units)

29 3.0 31 3.2 33 34 3.5 36 3.7
Photon Energy (eV)

Fig.3 non-doped Mg, Zn;.,O (x=0~0.3) ® PL

AT R,

3-4. PL A7 M ORAIEREEEKGFE
Fig.5 lCZhZh In DIRMEZE

() Eshn,
SHEEDOPL AR M ORIEREKRGE®EZ R,

In-doped

010)
(0602)
(1011)

L (1012) o

5‘

(0

| Ts=500C

Zn0
JCPDS 361451

L

L.(1120)
L (1013 S

5 mol%

| SR
|

4 mol%

3 mol%

2 moi%

—— —

1.5 mol%

1 mol%

Intensity (arb.units)

0.5 mol%

mn-dopedMgMZn“(

non-dopedZnC

2
]
o

(111)

_{(220);

11)

N
N
N

....__.Jcmsmq

3

(

20 40

60

80 100

Diffraction Angle 2q (deg.)

Fig. 2 In—doped MgZn0 @ XRD A7 k)

He-Cd : 325 nm
42K

In: 5.0 mol%

In-doped Mg0 1Zn O

0.9

In : 4.0 mol%

in: 3.0 mol%

In : 2.0 mol%

In: 1.5 mol%

In: 1.0 mol%

In: 0.5 mol%

In : non-doped

...............................

2.0 2.2 24 26 2.8 3.0 3.2 3.4 3.6

Photon Energy (eV)

(b)0.5mol%. (c)1.0mol% &
In EEHEMAEID PL A~

Fig.4 In-doped Mg, Zno0O @D PL A7 kv

%A

7 MERBE, BIFERE K IZBWT 2D Y — IV 2 RAZIENTE

5o ZDOBIEZRXNLX—]D ¥ — 7 (3.407¢V)iZ
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non-doped Mg, zn O €)) In 0.5moi%-doped M‘go Zn 0 ' (b) in 1.0moi%-doped Mg, 2n O ©
7 He-Cd : 325 nm —~ |He-Cd: 325 nm ) n He-Cd : 325 nm
§ 3";95 BV 452 8 ‘g 3419eV 34776V g 00K 3‘353 v 34536V
d | 3 A4 | :
g fﬁK/’—\ g Jo0K___—— | 2 M
Sl —— ] S —t 2 ?
2 M Z M 2 | 160K ‘
-] 2 7] A [} |
£ [100K .( 2 M 5 100 K n
[ =
.g 50K ' ; £ % £ '52(/‘1\};\
= 130K : | vy = [30K ’
o T 3.407 &V ‘ o 2K ; o ﬁ_&/\
FX‘(A) 14K FX(A) FX(A)
330 335 340 345 350 330 3.35 340 345 3.0 330 335 340 345 350
Photon Energy (eV) Photon Energy (eV) Photon Energy (eV)

Fig5 In-doped Mgy1Znys0 @ PL A7 bVEIEIRERTFHE (@ERIM. (b)n 0.5mol%. (c)n
1.0mol%.

TRALF—ADEXE —7 3453 V)ITZBIZCBWVWTHEBET D LN TE D,
RERIZ. In DEIMED 0.5mol%. 1.0mol%DREHZBWTHERE THE LR
BKaRHdZENbNd, Zn0 D BHBE FEE T XLX—I13H 60meVY & »
IRERMEEZ L HBZOREFIX 300K 25meV) THREEICFET D Z ENA
BETh DI L5, In-doped Mgy 1Zng o0 REHZ T 300K TEE I N7 PL £ —
7 HE T Mgoa1ZneO PEBEHBIEFREN,ETHDIEZEZOND, £z, BIERE
ARSI EDILEICLDBA -V REOEBB ML RAEDL bR T 0 B
EHz R ALX—TZNEN, In BHRMORXE T 27.32meV. 0.5mol% Tl
23.58meV, 1.0mol% TiX 23.37meV & WO EIZ72 Y In O EHRIME O BN £ VH
YT LHMEMBREONTE, L2ALBRRL, ALV —IEICTHIE L 7 In-doped
Mgo1Zno o0 BERIIZRIZBWTHRERAEDPERINDI I LBV AEFEREKESE
RELTWEZ ERbN5,

4. ¥

LB, BAIBTZATV—BASBEZHANTA 7 8RT74 FHTZRAEREIZ
R AEIE E 500°C T In-doped Mgo1Zng o0 Z ., 74 M I X vk RiEE A
WTHFERZ2FFME 1T > 72, £ 7 non-doped MgyZn; xO ® PL AXZ7 RLinb
Mg ODRMEIZIG LT PL AR MABREGZRXAF—RICC 7 bT D2 Lnbn
572, WIZ In-doped Mgo 1ZngsQ ZRWEML O DR KN EDOREN L LB ES
NRNWZ ERbhotz, LOALARRDL, BEE In IRMORABHZIB W TR LR
ERMETLTWS WS Ztbbhhol, XRDBEIELSIXTEBEE InHRNIIC X
ST CHERMERNERT T2 B8 birolz, PLAIEREKRGFHEZHANDL Z &
W, FERZBWVWTHLEHBETF2LORERBEOLNDZ L, ZLTHFE
WRBARPORTERERERRA TV —BGHBIECBWVWTHLERAETH D
tWwH ZEERL,
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KFET T A~HE L=V 7 Zn0 BiEs OICFHIRH
Optical characteristic of Bulk-ZnO monocrystalline
treated by the hydrogen plasma treatment

RILERAIR |, R)WE - MEHFAHRE %, EIAT’
O&HMT!, FIETE!, XA B, EHERS SFE_°, KGEM!, F# @'
Okayama Univ. of Science', NIMS?, Miyazaki Univ’.
ON.Kaneda', M.Shintani', M. Yoneta', N.Fukata®, K. Yoshino®, M.Ohishi', H.Saito’

Abstract The hydrogen plasma processed Bulk-ZnO monocrystalline has been investigated by
photoluminescence measurement and secondary electron microscopy method. When the hydrogen
plasma processed Bulk-ZnO crystals, the processing condition was changed. It was shown that there
was an effect of making the crystal defect an enhancement when processing it by the hydrogen
plasma. However, the hydrogen plasma restrained Green emission as compared with DyX emission

in PL spectra.
Keywords :  Bulk-ZnO, hydrogen plasma, photoluminescence, secondary electron microscopy

. &
F{LdESn (ZnO) IILMRAELTH D Z L OEA R T XS THEMEIE LTRIASh
T/, F72, Zn0 1% 337eV DT A KRRV F¥ ¥ v 72 AT HEEEBAERTHD
ZEEFIA LT, SIVRER CORMEF~DISARHFEEINTWD, TE, HagkE
TOMEANT X > THFERILIZERZI L2 Z L LEIMREER L — - Sh D 2 &
HEZ L. SRITHERXME FRIEKME) ORENDORER EASRD G TV,
Zn0 BfEGA D7 + bV X v U ZiHliE L7ZBRIZ 24eV FHRICEY—2 28T 57 0—
K723&Y¢ (Greenemission) DHIRT B2 ENLELHMON TS, ZnO IZIIBERZEFLK T+
FIFEEAD ZnO EA 72 KiaCfbsamiR FITIBA L7z Fe R Cr R FICREB I N D MR T
BHET DR KMBDOIFERTFRISND Z £ A25. Green emission HFE72Z 6D ZnO F D
fEERRMICER TSR HS Y, ZhET, VU o TiddRKRihE REEET 57
DI, KES T ZA<UBEFIR LTI R— g VERFR SN TE 2 2, KT
1%, KFEF T <IN X D Zn0 BigR T OiERRMRONEMLEZ B L T, KBS L
12 &> TR & H7% bulk-ZnO BFESRIZKE T T A~ BEITIR o 12, KB T 7 A~ D)
REREET 720127 + b IR v U RFHlE, EERETIRMEEE LR ERE
35

i)

1
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h Microwave cavity Heater
(2.45GHz) /

Vacuum
H) e i

(1 Torr)

N Sample

XK 1.KkFES7 X~<EE

2. EBREHE

AR TII~A 7 alEKFET 7 A<0BBEBE % FIFH LT Buk-ZnO (0001) BfERDOKE
T AT EBEIT ol M 1ITKRT T ZA<LBOHIEXZ RS, BET (1Tor) DAZE
F 2 —7NZKFE (95scem) & KRR (Sscem) DIRE T A ZEA L, Z DIREH R 2.45MHz
DAY OB EBHRHTEZLICL S TKEFFRAEER L 2, ZOBE, KESS X~
BIXUORBERAT ZKEA F U PRERACEZ DA —JFBT D012, REe 75
R<FERD O S0cm BEL T b L, £, KEFT X~ L RBHRE ORI %
FARBIDIZ, REHEEZRIEND 250°CO&BEATERIL S VT2, KET T X~<0FB%, 7
#+ LI Xyt X (Photoluminescence method : PL) {I/EIZ CHFHIEHI 21T/ > 7-, &
FHERZRIR He IRE (42K) IZHAIL,

He-Cd L —¥— (1=325nm) ZRhEEIRE Sample | Temp.(C) | Time(min) | Power(W)
LTPLAEEZEM LT, Fiz. KETZ #1-1 0 0 0o
AR LT OREE 7 0 P — %8l #1-2 | 250 3 50
£ 570, EERETFHMEE (SEM) #1-3 RT 10 50
BT, BEBOIEEERSLUE #1-4 | RT 10 30

PRI ZENZF 15KV, 60u A Thot=, 1. kEST A~NBELMH

3. EBRER
3.1 ZnO HEEDKES S A~<sE
KRS T A< E1T 9 BRIC, AAFRIREE,
BRSSO 5 X T —DF B R |
AL (R1), 0FE 250CIKTA%ES 8
TR LTI-H#12 VYU NVRANEE b
LTWAZ EBREEINT, 22T, v
TNVERED SEM BIEZ LA, K2 E »
DREEZ7 AV T—NRELNT, Fi-. B8 2. KEF5 A< BEE N In0 BfEHD
BINEy MINFFERTH D Z L% - FEE T +1P— (250C, 3min, 50W)

90



el | 7. ZomERkyy MI6EEEL, KE
MIZBEARR OIS, RS, Zhbol
z ORI AT >T\B, —F, FiR
£ S THER L7 # 13 3 LU 1-4 1 HA0ERRSRSS
£ Ll LOTT R U — 2SI b
g O FTEY 7 ARETE Y (MRS h2h
A Stz 0T, KK T A~ EBE R T
— — 4 B Z LTk o T, ZnO fEdiIkES
* P?afton Energy (:i) 0 FARIZTCZyF U IInNGH b L¢EL

X 3. KkFFTAUEENTZ In0 DR bihd,
PL A7 bV (Tm=4. 2K, HeCd=325nm) 3ICKETT AL L=V T A0

IR PL A7 hMLVEIRT, £ TDARRY
r WX DX BHFREZ —FE L L THREIE LTV D, D37 Aunbd 337V (T
Y—2%FT 5 DX FtL ., BFEESHIOMBRE2 ENRET S 24eV HEDORN
(Green emission) ZEEZI N7, 24eV BIMFREIIKE T T A~ LB X > THADT 5
T My oTn, BT, BRICTT 7 X~ U —50W ([T LTZBE, 2.4eV FEIREN R
HINSK BT ERToTz #1-3), LnL, ENENOMEEHIT T, DX ZEIEFREX
#1-1 : 12.7meV. #1-2 : 144meV. #1-3 : 222meV. #14 :30.7meV & 729, KEFETF T X<
A2 95 L TDX ENEEB T LI LT, DX BN N H—HEmiE + B THD Z
EMD, KRTTABIZL > TR —RBOLFBRIND ZEEZRL TS,

32 KEBETSS AR
KBTI ABEBBTITIZ LICL->T Zn0 FEN T 7 A~ v F L 78352
&V TeD T, In0 FERRE~DEES A — V%W L7 & B REiERR R Mo x4 %7K
RTT7 AN BONEERTT LTZ, Al 3.1 OBRLY, ZBEBIWKETS 7 A~ U—
(50W) IZTT T XA~<EBREE% 1. 5. 10, 20 0 ¢ LS TEREITo 72, 1~10 75
AR UT-BRICIE. Yo 7 UBERANOERE . - :
bIFODTH -T2, 20 HELET 5 L B
A CRAMMEAEETHZ LN TE L, 4L
HIREICREDL O T, KRT T X~
WIS CRET Y F IR EITTHZ &N
Sotz, —F, SEMBIEIZ L AREE Y
1 T—DKFET T A~ ERRERR M &
41777, 20 fEAERIZ TERR 100 um

BEOYy MSEECETIOPRSNT @i Yo B Feilal
WBIZERSND, ZOy kORI IREEERY 107 MBI 205

250°CHBRT TAFE S 7 R~ 40H LI BRIC 11 4. SRR SEM B
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BEIn=vy MIBEELTEY, LFRRRE
W 6T, AERFEOERIZE>THL T
ATy F U TREITTHZ EBmoT,

X 5 |ZAERRFEBIOIKIR PL A7 ML %
RY, PL A7 b L% DX EIHEIZ TR
AL LTz, KFT T A< FS T, P
Green emission £"—7 HRITITLAEEDD 3 E I =z
RIS TeD, £ DRNIEREIIKKR T 7 X~
BRRFREITHE - TR L. 20 SfEERIZ TR/

272 o7, =0 ' — ]
LinL., KE7 S A< ERE RS T - o
% &, DX FEYE X1 Green emission FE 58
B b L7z, X 6 IZAERRFEI RIS
HFREZ T, DoX FEICHREI ARG ,
CCHEEMNL TVWA 23, Green emission FICTREE J J ~I
IHAEERERRE 10 29055 20 SOV A =00 N WM
WL TWAZ Enghd, Bib, KEFT7X Tresmentime )
~ ALERREEDS 10 T UNDEE . DX FotH
DEDRRMEDAERRNSDAET., BiRHKET 7 A~<ERIZ T Green emission DEJRIZ 72
B LI RBEERMDERPISEED EEZOND, TUTETz SEM BEDOERND bAE
7T X< AL A3 10 LA DHAITIE ZnO 1B Rm A HEFF L TV D 2 Lt &
—EH LT3, 5%, ARIRFE2FH L7z ZnO R ORGSR RO ANEH LR EZ1T72 5121,

IKFET T A BEATL > TT IR~y F o FROF - e fEda KD ERPE D Z &
PEEZ T, KFET 7 ABRHORKRE 2R DLERDHD Z EBGo77,

Green emission

D X
)

PL intensity (arb.units)

5. PLARY hNVDKFET T X~

@
3

o
8]
O

02

8

0.15

0

D X intensity (meV)

0.1

w
o

0.05

0

6. RNFRE DKFE S T A~ LPERRFRHK

451D

73V Zn0 BifEGRDOEELE B L CKET T AL EIT o1z, KERT T A~ILE
175 Z & T, 3.37eV HiIZ & % DoX FEIEDFEIEFREEFS U Green emission FEFEDFREE 73
BN L7225, DoX FEIEITHRT 5 Green emission FEIEDOFRELITRA Lz, Blb, KEFSF
R<BNZ X DB X —DRDBENNIR R D R GoT, Tz, KET T A<
BEMOREIZ XL o T KRT 7 A< BED ZnO REDVEMAHERFT 52 &R TE
BT ENRGoT,
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ALV —ETERLEZZnNOZEAEEREOX v U 7 O BELBE

Scattering mechanism of ZnO transparent conductive film deposited
by spray pyrolysis method

BIFRE T¥H EXETFLFER
MU SR - iR - EHEC
BILERRE BER ISHpETER

KHFR
Satoshi OYAMA * Minoru OSHIMA - Kenji YOSHINO
Department o Electrical and Electronic Engineering, Miyazaki University
Minoru YONETA
Department of Applied Physics, Okayama University of Science

Abstract ZnO thin film which were deposited by spray pyrolysis method. The samples
were annealed at temperature from 100 to 600 °C in nitrogen ambient. These samples had
c-axis orientation and an intensity of the orientation increased with increasing annealing
temperature. From the SEM images, a grain size appeared to be constant with increasing
annealing temperature. Furthermore, a resistivity decreased with increasing annealing
temperature. Grain size of ZnO was found to be hardly changed, which was estimated to be
33-39 nm. Since values of a mean free path calculated were almost equal to grain size of the
ZnO films at annealing temperature of 350-500 °C, the grain boundary scattering mechanism

appeared to play an important role.

1. FCHIC

HBRAEERIL, TLERRYarDT 4 AT VARKEEMDOZHEMRE L TEb
nNTnW3, FREEFEOME L L TIngO0s. Sn0,, ZnOR ERH Y | 720 THSn%E K—
7 L72InO3(ITO)EIL, 512107 Q » cmB DRI E S, KEEMOBHAER L
LTEbhTWSEY, L, nidFHLER TERMTHHRAEEFD, £ 72Sn0ME13,
LB Z 2B Cd 503, IRIBHENRGE LIV, ZHicxt LT, ZnOiXZ M T
BE. EHICHBEOZRVMEITHE Z L2n, ITOX» LI ZERAFEEBREOMELE LT
EREhTWBLEY,

BIEERIEE LTEIA R XY U IERERTH DN, ZORBEET I T HE~D
TITRARILLBEA—UN, KBFEMONELZ EITFoNBRWREEDI DL 2o T3,
ZITCARRETIE, 7T AL DFA—V2ZFPICRETE SRR T L —%2 A
WCHEBRIER 21TV, £ OREREDO M LPRIROERER B 72DIZT =— L EITU,
CISRABEMADBEREMRE L TEREZTo72. S BITIER L 2R BHIXAREIHT,
SEM. AFM. Z®AIE, A—/VREIE, PLAIEZITVEME L 7=,
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2. RBRA*

27 L —ikid, (LERERERIED—>TH Y | INBEAR L TRAED S EFE AT H
L, BEE LTHET L2 70 XA THD, BREDFEBIZESWTURBHARZ BE S
N E LIXERICAT CTEET 2 &, B O LIEEOEG R - (LFERIS B
V., BEERIND, ZOFET, EENHE CRERLZSTHY ., KKRFTOKX

EREA~DI—T 4 > 7 BWEREE WD BN H DY,

EBREME L TIX. BE—%T500 °CIZHBAL 7= 4 T A EfR EIZBAAE2.5 m0/min,
BARERISSY. F—7 4 Z2hiBE% 2 mol% & W\ ) il AW THERELEY), 7T=—
MiE, FEEREKATRE LTERZAV, BfE2ssLEEL, IREZ100 °CH 5600 °C
E QL (A

3. RBRER - ER

Fig. WIX#REHr AT bR T, AT L —IETYERL L 7-In-doped ZnOTEME X, [E]
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MRS E—7 MBIZKEBRETIR N7z,

LU (10-10)EIZ XT3 5(0002)E DELMMHEIX, 7 =—VIRENEL RDIT LR -
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539nmPETH Y, ZOHDT =— L L=V TV ORE ST X TOWKREET33 nmd)>
539 MmOE ThHo7cZ LV, T=—NAEBHRRIZELIZIA LN ST, TDZ
XY BEMERT =— VIBEOHEME > THE LD, RRIIIMEKELTE ST,
T RCETR2ERES RHINZEE X615,
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AL D ZDTRLNRT TS %% 8 Fig. 1 XRD patterns of In-doped ZnO films
2 HEVMEDE DI, KR L 72 ZnO% annealed at different temperature
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Fig. 312 7 =— /VIREIZRBIT 2 ME L X ¥ U TEE 27, IR IIEKIBAIRR
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Fig. 4127 =— VIREIZB T 5B8)
B LB HITEE T, B H
ITRIIBHE LR CERZ27 Lz,
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Fig. 2 SEM and AFM images of ZnO films
(a)as-depo  (b)450 °C annealed
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Fig. 5 PL spectra of n on-doped and
4. & In-doped

27 L —iEIZ LY In-doped ZnO #EfE%

B L7 =— L %&1To72, XRD LV T7=—ViBEZEL T3¢ T, BrtErHE
L7z £72, SEM IZX VT =—N %255 L CRRIZH—MERHTEZONRBEES
Nz, ThonoZ Ly, BEENRMLELEZEEZON, ZO-OBENENEM L2
ERbhb, R, T=—N%27T5Z L TERRBIIFD Lz, T=—LDIKIRALIET
. EHBEBTESREL V2RV /NI DOT, RABELLS OBEEEREZ 2 bh
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Y IVE NAEIZ LD ZnMgO DRI FEARE ZnO R F~DHEE
Synthesis of ZnMgO powder and coating ZnO particles witha ZnMgO layer by sol-gel method

FMKFE BFTLFEHERT
E¥ G, SMETT. A RIEE—RR, R
Tomoharu Sano,Naoyuki Koketsu,Hiroko Kominami, Yachiro Nakanishi,Kazuhiko Hara
Research Institute of Electronics, Shizuoka University

Abstract  The synthesis of ZnMgO particles and the surface coating of ZnO particles
with a ZnMgO thin layer by sol-gel method have been studied. The excitonic emission
from the ZnMgO particles were shifted to higher energies from that of the ZnO particles
indicating the formation of alloy. It should be noted that the PL intensity of excitonic
emission from the ZnO powder coated with a ZnMgO thin layer was improved compared
with the uncoated ZnO powder. It is suggested that the suppression of carrier diffusion to
the surface or the improvement in crystal quality of the region near the surface leads to
the improvement of luminescent properties.

1. ILBHIC

Zn0 1%, AEEE-CERSR, LIRS SEI TS F CRILFIASN TWS. BT o
ADFE TS, ZnO X EEEBAI T34 eVONRU Ry 720 b, $-ERKITREDOFENEICHE
WK BROE BRI L2EMND, BEBICELWVERRONREMEIEL GREEFH /200 A3 H#F
ENTWEHETHD. FxlE, MgO R CdO EDRBILIZEA NSV RE vy 7 DHIERZ D
DZEEEDIERINFIRETHDHILIZEB L, TNOLOEMHN Zn0 HIHARDF LB FIEL
LTHZEHFEL TWD. B, AFETIE, NUREYy 7O RE ZnMgO DYERIE T 2R T
L, ZhaaT bRmEmEEL, BIHBE /N RX vy TD/NSNZn0 BFHFLTHILT, =@tk
EORFERIETHIEEBRIEL TWA (Figl). ZOX57e ) /H#EENED A EN-RF T,
NEIN =X YU T BRAFEIRIZEATIAD O, BHEROE KB RIAEND. 4E], ZOHE1
2Ty TFELT, BxFEETEEDOH D NI NE VERWT, ZnMgO R FD1ERLE ZnO ki
F~D ZnMgO E D BERIx, £ DFRNFFHDOFMEITo7-.

Mg (-OC.H,), Zn(OC,H;), ZIJLa—J)L

|
ZnO PB4
B8 [mxnm O
7]
Bk
ZnMgO
5304
ZnMgO

Fig.] ZnO T /HErsHbIA LA F- ORI, Fig.2 YA LEICED ZnMgO M F DA T o e 2.
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2. EBRFE

Fig.2 |12 ZnMgO KL FDAIER 7o 2%~ 7. [REHIZIX, Zn(OC,Hs), & Mg(n-OCsHy), Z RV iz,
InMgO KL FZ2E R THH AT, ZNHDFEEE ZnMg BNV 9:1 LRBIHBEL 2, T a—
VTR LARROIMK GBI ET-. ZOFXNVEERESE THELNHEE KKREHKT 600~
1000 °C T3 FFREIBERKLTZ. ZnOKLF~EBEITOHEIL, £F ZnO KL FLKREHIETHIETE
EIZAZEEEDYE, ZIIERBOT L ax REMZHZET ZnO KFDE DA TR S fESYE,
ZnO BIF DAY THMEEITo1-. TR E RS - %R LT 7.

3. BEBIUEZ
(1)ZnMgO HLFDYERIL 44

YERIL 72 ZnMgO KL F1Z 2T, XBREHF(XRD), 74tV %y R(PL)IZLDFHBZ T 77
Fig.3 12, Zn & Mg OJEEHEA % 9:1 L1, 1000°C THERKL =3k XRD BIEDHERE R
3. ZORNIZIE, (002) EOEIITROZERUIZD, ZnO DY —ZIZH R, ZnMgO DY —I3 %
AERIZS TR TODIEDNRER TED. ZHUE, ZnO I ZnMgO DR FEEIVNEL 2o
722 &R TV, Fig4 13, Fig3 ERILEEID PL AIERRE27R 7. KITIE, 20K (1281758
U RIRRENERUIZA, ZnMgO @ PL A_RZMLVIS ZnO DARIR U LE_REHEFEANZS 7L
TVWAILEDHER TED. T Zn0 LEEEL T, ZnMgO DU R vy TSR &R o722 8% 7R
LT3, YLD 2 DORIERERND, Y VT NIEICE 5T ZInMgO IRER FEER TEHILE
RLTc. — K, BEERELET5L, BEIESN- XRD BLW PL O 7hEIX, Mg #pkD3
12 %RREDRMITHYUL ¥ 9, BAELE Mg BEOYLL T LMK FICTRDIAERNIE,
biyoT-. B Mg #ALD ZnMgO R FDERIL, S HDBED—2>Thb.

T ! x T T T T T g T T
— exc. 325 nm(20 K) ]
_ e[ i ]
g = | —Zn:Mg=9:1-1000°C -
< RIS Zn0-1000 °C :
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7} 9:1-1000°C [ . -
c c
D ()]
= =
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& \ r
i | — ekl l‘f\”l : fi " = - 1 A .
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2 0 (deg) Wavelength(nm)
Fig3 ZnosMgy,0 & ZnO ®(002) HD Fig4 ZnosMgp;0 & ZnO DIEIR PL A7 ML,

X BEFFORRTML,

(2) ZnO/ZnMgO FIT DIERLL e

RUNT, ZnO KiF~ ZnMgO Z#BLI-REHI W T, SRS #r, PL, BLOHY—KLI*x
v A(CL)IZ XVl 21T 7. Fig.5 {2, ZnosMgo. 10 Z#EABL 73k SEM & LRICiRIEE
TLRDOETHTLI=FEREZ T, Fig.6 121X, Fig.5 IZB W T Mg DR HBIHEE Tho7=7=0, FER
D= Mg FRHEABRIIC L7 Znoo:MgoosO RLFEAERL, RIRDOBIEEIT o RERT .
Fig.5 £V, SEM #IZHBW TR FHMFEET HHEIZ Zn & Mg 38— I3 ML CVODIEZFERT
&5, ZHU, ZnO KL FIZ ZnMgO DB —HRIZHRBSN TV DI EZ L TS, —75 Fig.6 235,
ZnO KLFDRIRITHI 1 pm THDDIZXL, MgO BLFDRIARIL 20 pm LL ELFEF IR ESTERK
SNDBZEDFERTES. Fig.s TIEZDII MgO ORERRLFBROENR2NIEND, BREEEL
T—RIOHLTWBEEZLNS. Fig7 12, ZnMgO BRI FEREBD ZnO K F%
D PL AXIZMVERT. BERIREEITIEIZ 800°C THDH. ZNba k4 5L, #BLIZLO TIX

98



Fig.5 Zn0O/ZnosMgo;0 ® SEM EFISEIRIZRITHE M.  Figb ZnonMgossO BT D SEM LRIGEIRIZIIT A E /34T

b+ F e 0358<720, F72 500 nm T OEEFR RBOFELLIH SNz, B FRXIZITBX
Z 30 %D3EE DM LM R I, BEFRRBEDOREHLIZOVTS 30 REMEIZILTVA. 2, A
YRy T DR E B LIZZE T, BREINT-F YT ORLF3RE 5 B ~DTLE A |
S, IhEFRAEDOBEMBESNZ/2HEEZ LS. L)L, 700 nm T2 ZnO R FIZiX
RONBIST-READBRN TS 2. Zn0 DHDERTIZRLNRNIEND, Y LFEIZL
HEMDToERIZBNT, ALLDORMY), HEVINIET- RN ERSNZLDEEZ BN
5. 5%, ZORKOEREEATHZLL, BPFEROMETFENE1ED ETHATHS. Fig8
(21X Fig.7 LR — D3 ke CL TR L7-#E R %27~ 7. PL LEERBEFIRE FOR N ITEA L T
503, PL Rk, BERRBORELIZHOWTUIFEFITIHIIN TS, LLEDORIER RS, ZnO
(2 ZnMgO ZH#B T 5L ZnO KD R KZ R _ LI D735 HFFSn5.
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4. *ER/

YT MARIZEY, ZnMgO IBEERLFDERK, 8L ZnO 12 ZnMgO Z# B L I- kL FD/ERIZERL
7o, BRI, HBLIZRLTIZOWTL, B FEXD 30 BRROFBEXDIRD LFL, BRRRBXMICL
DRNEMBITHIENTEIZ. 5%IE, ZnMgO Za7eL, BFHFRID 3 BHEEICTHILET, &5
B ERX VT EHOHEEITIFETH 5.
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Growth of FTO Thin Film by Spray Pyrolysis Method

BIFKRTE IT¥FH EXRETLFER
/B - MU - AIINESM - EHEZ
Minoru OSHIMA -+ Satoshi O YAMA - Shinya ISHIKAWA + Kenji YOSHINO
Department of Electrical and Electronic Engineering, University of Miyazaki

Abstract

Transparent conducting thin films of fluorine-doped SnO, (FTO) were deposited on glass
substrates by spray pyrolysis technique in order to find out the effect of solution concentration.
These films were prepared using various fluorine concentrations from 0 to 5 mol%. The films
were all polycrystalline with a tetragonal crystal structure. The best electro-optic properties,
average transmittance of 82% and resistivity of 1.4 X 107 [R2cm], carrier concentration of
6.2x10%° [cm™], mobility of 7.1 [cm?*/Vs], were achieved with fluorine doing concentration of
4 mol% at substrate temperature of S00 “C.

1. FCHIC

ZAEERE L ITEAN L EES 2 OBEDZ L THhD, BE. EHEERE
DEFIZITO (Sn F—7Iny03) THEBX In iZI/IERBRTRMTHD Z b, ITO
DRFEL L TERSCHEEORZEVTLTWSD Sn #EFEE L2 FTO(F K—7 Sn0,)
WWHEBLE Y, £72. Sn02 i IO ICHANTETEAMICENTWS Z &, (L3R -
BHNIEKETHDZ L, BRICT 7V AT Y HEBEEZIEVADLZ L, EotmEEE<
TEHZLRENGEELZFIAL T, KBEMOERSLHT R HOMELE LTIA
CHAVWLRTWS, SN0, DAY RX Yy v FIFFIRT3.0 eVHUEDOKEZ X ZFFOUA
RNy Ry o FEERC, BRBEIIEFEROLFLREETHS >,

AMFETIIR v /Ny Z ) U TIERERBIEREIHRD LEELZZLELET, KK
HCOREBRIENFIEETH D7D, HEMIZEKZ X PROERFFE TIER TE SR 7L
—i£% A\ T FTO &% {ERk L L 7=,

R T U—IRIHMEEREERRIEDO— O TH Y . MNEZER ETHRAN O BEAEBTH L.,
BEL L CHRET A7 e R TH D, BREDFEIZHLESWTRERZBE SN
M ELIER EICMT TEE T L, BIEROER L BEOBL R - (LFERIGHE
b, EERFERINDY,

2. RBRAE

AR TIE, AT V—EIC X Y FTOBEDIER 21T o7z, ERFMH L L CIBHE
5 ml/min. BMEEHE15. NEDEE %2 0~5 mol% B b ¥ THERL L 7= TER L=V
TN EXREY, SEM. FZRAIE., F—/LRIE LV EmE 1T o7,
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3. RBBR - ER

Fig. 1 I 7 vyROBEZENMNIVILEEDXBARY MV ERT, ERLEY T
JLiX, SnO, @ ICDD #— K &R, T — 7 [ L ICDD D ¥ — 7 fBED—FH 5
ERFENVFNEIOLFESRD SnO, EELFE Lz, £7/2. F% F—7LT% ICDD ® &
X7 ME—27 L —F L SnO, EEL AW Lz, 1Bk L7 XToORETA10)EIZK
E<EMLTWS Y, LrL, 7 yRFEMEZEMNT S Z & TQRO0)EDIAREINRX I
KRELRBEABH LN, ZhiL, tOBILTHLT7 vER2 F—7F L7 Sn0, EET
X, QOO)EDHENKXL BVERB L TWVWAERENRD S &7,

% Z T(00)E DIREZ M DE DFREE & b L7z, Fig. 2 [Z(110)E. (101)E. (211)
EIZXF9 5 (200)E OB MM 2R T, FEICKT DEMAMEIX. 7 v REMENEINT S
FEEMLTWS, RICKETFERERE%Fig. 3L Fig. 47T, XBREHTL YRk
BEFERITT vy REMENREML THICDDOE (affd.738 A, cB#3.187A) ¥ L1%iF
FRIUThHoT. £z, =2 T7—ORL Y RDZHRIZRIT20~30nmTH o 77,
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Fig. 51Z.SEMIZ X % FTO EROKREER %7~ ¥ ,undoped & 7 » RENME 0.5 mol%
& 4mol% F—7 S E7FTO DEREZEET 5 &, REIT v RBPMELZEMNT D Z
L TREL RS, SEM ODREEER X ¥ flFE L 72K£213 undoped D & X #9 60 nm 1T &
T, 7 vF 0.5 mol%DKFIN 0 nm DRKEIT, 7vyFE4mol% FN—7 L7 L XX,
#120nm TH o7,

undoped 0.5mol% 4mol%
Fig. 5 SEM images of surface morphology of FTO film
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AT L—IEIZ X o TFTO A ERDIERNIZARZI L=, 1ERK L7z % 7 V1E SnO,
D ICDD 71— R L, XBREWTE— 7 [E L& FERO—EK2» 6, EFELTF IV
FEHE Th D Zfadm D Sn0, LRE L, B L7 X ToORET10)mEICEM LT
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Growth of ITO transparent conductive film deposited by spray pyrolysis method

BIFKE T¥H BXEFLER
ANAEEESL, /NMUAESE, /NiRRR, EEHFE

Masahiro Kato * Satoshi Oyama * Minoru Oshima * Kenji Yoshino
Department of Electrical and Electronic Engineering, Miyazaki University

Abstract  Sn-doped In,O3; (ITO) films were deposited by simple and inexpensive spray
pyrolysis method at 500 °C in air. All ITO films had polycrystalline structure of indium oxide
with oriented planes of (222), (400), (440) and (622). The grain size was from 30 to 40 nm
with increasing Sn concentration (0~5 mol%). Film structure and electrical resistivity were
depended on Sn concentration. The resistivity decreased from 0 to 2 mol% and increased
from 2 to 5 mol% of Sn concentration. The resistivity of the ITO film with 3 mol% (Sn) was
3.7x10” Qcm and the carrier concentration was 4.1x10" ¢cm™ and mobility was 5.0 cm*/Vs .

The optical transmittance was more than 80 % in the visible range of the spectrum.

1. I ®IZ

BRAEERE L, Bt EEMLHFEEOETH D, BHEEENONRIKA LM EHT
Sn-doped In,O3(ITO) CTH Y, ZDITO EEIX, 7T v bT 4 AT VLA RKBGEMDS
BASEEL YL LTERAISNTWAS DGEEDT 4 A7 LA OKREULCEIRDORIED S,
KX N CREBAEICSE LZRBEFERERINLTWS,

BIERA Ry ZiER EOYBRREIERER E 2o TWHER, BEZEZVNELL, 7
TRARDEA—UBEEIND, —FH, A7 V—EIE, RKRFTORERFIRETH S
DT TRADF A=V EBECOITT, (K2 X N TORERFRETH D, LLaR
5, AT L—IEIZ X B ITO IRDFRIUUIKRER 5303 1980 FFROBDTH Y | (EKHHL ITO
HEOHE >IPKEEOBE V23 H 52 BEFEOFHEMA A TBRARTEER b D
L, HIEBEOBEMENMENLDONE L | RKMRBEN2\ P, £ 2 TAFETIL,
2 FL—iEERAVWT ITO EEDEREZTT>77, Sn BEZZHMICELEE T, X #
B, EEREFRHE (SEM) . ZRARHE, FS—LVBEIEICL 2 MEE2To 7,

2. ERF B

2T L —BSRIEIL. (LFREBERIED—>TH Y . INEEEIR - CHlEH S EHE
BATH L, BEE L THET 270X THD, BREODFBIZESWTREHAK %
WAINTZMELIIERICANT TEE T2 L, BEOEBLBEGOBDE - (LFK
IGBEZ Y, BEFERIND, ZoFEL, EERFECRIERZS THY ., KKF
TOKEE~DI—F 1 > 7 WAHEL WV 5 B3 H 52,

EREMIT, ©—F—T500 CIZMBAL 72 H T A EMR EIZBAE2.0 ml/min, Bk
104y, R—7F5SniBE %0 ~5.0 mol% & Zfb S ® T ITO%Z 1ERR LI 21T - 7=,
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3. ZERER - BB
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o XBRETL Y ITO BEOKRTFEHZ KD, ROETFELE Fig.2 1T 7, /v
K= HERE (0.5 ~3.0 mol%) TiX, Iny0; @ ICDDY D& FEX(10.118 A) &
FIEFRCEZ R L2, BEEMG.0 ~5.0 mol%)llrd &, BT ERDOEMIBHERT
X, ZOEMISn A AR InA FVICEBRBERIND LEZX O, Sn DA £V
Y22093A)B In DA AU FERO081A) LV RENVWZ LIZE - T, BFREEL, EAH
BELEEEZOND, T¥ERX Y ERRREZRD, Fig. 3I1Z7-t, /o F—F
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Fig. 2 Lattice constant of ITO film

at different concentration.
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Fig.3 Grain size of ITO film

at different concentration.
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Fig. 5 Optical transmittance spectra of ITO

films at different concentration.
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ZIRFE% Fig. 5 17T, BRI, Sn BEICEER S £TORHIIB VT, Al
T 80 %L k& 7257z, Fig 6 ICEEMFBER LBHHREREL AVTRD e~A
RRETRT o ~A RZRTA4~12 % 72 ARy ZIETO ITO EEO~A XL 0.3 %
BELVREXAMNZ R L, ZOMMNIL > TRETONDERHBEZ D, A3
FALIAD LN, KEFEMOEBNENRE 2D EEZEZLND,

FRCHE—NVRAEEZT oz, ETORBBRnBMEHRALZZDOT, ¥ UTIX NI —
RaTHHEERZEL (Vo). 1PV LAY A FOARX (Sny) . BTFHEA YT A (In)
REVEZ NS, Fig. 7IZITO BECEFMEL ¥ U TEE, Fig 8 KBHELZ
T, BHUE. XYV TERE. F—LBEBEDHEIL/ » F—7 0 In,0; EE L Sn Z N
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Fig. 7 Resistivity and carrier concentration
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Fig. 8 Mobility of ITO films
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Optical characterization of self-organized CdSe/ZnSe quantum dots
MLERE ', BEKI?
OfFFEM', XKH f&', KAEEM', KHEKAM' FHEZ', SHEZ° FE @'
Okayama Univ. of Science', Miyazaki Univ.?
OM.Ii', M. Yoneta', M.Ohishi', A.Ohta', A.Atushi', K.Yoshino?, H.Saito'

Abstract  ZnSe/CdSe/ZnSe structures inserted CdSe thin layer have been fabricated using
an alternate molecular beam supply. Examining the photoluminescence peak energy
dependence on growth temperature of CdSe quantum dots, we studied the multi layer
structure of CdSe dots.

1. IILBHIZ

EFRyREIE, SYUTEIRITHINCR - T oA REBEDOZEMICEACIADHEEE V),
COETIIFYITOREBEESTRALX —IZRHL TT A EEMOICBERILT 5L
KERHD, TRbL, FxUT DREEENRKEL, TRAXF—GBND72NIENG, &
HRL —HF—L L TCOIGHAMNEESIEFEIN WD, ZOFTHH R EFR YNNI, T
ERERRIRFEREE OMEBERESEDEE . ZORFERENKREILBIZER
EEROTRNVFX—DERTEZEICL>THEHEIN, HEHENEELL ETHREE—FN
Stranski-Krastanow (2729, 2 IRTTIED D 2 IRITEIRELE (B FR YR ~EEALTDDOTHD
[1]o ZNETIZ, MBE &2 VW20 FRRAZ A 4515 T H B IBAL CdSe/ZnSe B R NEfE
KEZIT> CTE2]. AFFETIX. EFRYMOT ARARIGAZBEL T, 7 FRTEZX
¥ /ViE (MBE %) % VT CdSe/ZnSe B A E TFRYML O ZEDLEHEFHEEDIE
Al & FERIEEM A 1T o7,

2. ERFIE

MBE &% AV T, &5 FHRIFIRE Zn(7N):225°C. Se(6N):230°C. Cd(6N):240°C THLE
B1T o7, 3. GaAs(100)EH#K -~ ZnSe buffer /B (EE: 0.8um) K E4%. Cd BL Se
NFREZBMAL T CdSe BFFYMEMRIETZ, 7 FREEMGREDT vy & — —
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fr A% Fig.l IR, BJE CdSe EF#E&EIX. AURIRE 250°C~450°CIZ T, Zn % 10sec
BT TREE Zn THRIEL, Cd BL U Se 0 F#% 10sec T2 5 T A7V EBEE
LUTHERR T 5, BREZICR Y RO BEFEERH 72T ZnSe cap BERIEL -, L EHE THES
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ZnSe P BEHEREE . A RIRE 300°CIZ T T CdSe EFRy NI &) 2Bk L7, TERKL
T=RE DML, K& EE E R ET (RHEED) IBICX AR E R DZDIGEE, AFM
ZB IO PL JIEIZTITo7
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%759, ZnSe buffer BAX FBALAH 30 #Tld, RHEED /3% — B RARyMKIZZ2-TERY
SEHEMERE(LL TVD(b). 2 BRITIZFAN — I 87 — U 3B 82X, MR F EL, AR
V=282 — 1%, 60 77 B EZLHEFFSH ZnSe buffer &A1 2 IRTEARKFEL TWAIENHGD0D
(¢)o —7. Fig4 1T Cd BLU Se 0 FHRRAMEARE 1cycle. 3cycles BLU Scycles 1To7-
EED[110] 5L HEEEL 7= RHEED /X% —2 %7~ T, Se B&tH . RHEED /X% — 13 x1 14
EIZ72Y, Cd BEHITY 7 AN —IBBEI N x2 IR > TV D, Fig.5 ICRERFD
BESIET VETRT, Cd RFICTREREIRTHIEIZEST [-110]5MIC 2 &0 EHH
BEND, REH 2B B UTORFOEMEITRFFIND-®, RHEED /34— 2134
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Preparation and Characterization of CuYO, Delafossite-type Oxide Films by Solution Method

HIBRZERBENFER D, FRKFELTEE D, FRAFBIE TohE >
EIREM D, FEHEY, IMEE?, MER="Y, &7RH >
K.Tosaka', N.Tsuboi?*?, S. Kobayashi®, K. Kato'* ¥, F.Kaneko®*
DGrad. School of Sci. and Tech., Niigata Univ.,”Fac. of Eng, Niigata Univ.
)Cen. for Transdisciplinary Research, Niigata Univ.

Abstract Delafossite-type CuYO,, CuTb,;Y;.,0; and CuEu,Y,.,O; films were successfully
prepared on quartz glass substrates by solution method. The lattice-parameter dependence
on Tb or Eu concentration implies substitution of Tb** or Eu®* for Y>* site. A green emission
band due to the Cu" interconfiguration transition from 3d%4s to 3d'° was observed in CuYO,
films, while noticeable sharp emission lines due to the f-f transitions of Tb**and Eu** were
observed in respective CuTb,Y 40, and CuEu,Y,.,O; films.

1. IXL®HIZ

F I 73V 4 NREREEEZET D CuMO,M: T ETR)BRL T p BB AE EMH
Bt L LTEBSN TS D, 41357 7 7494 MNEREENRTFEBRE
EEBALTWAZ LIZEB L, MY A N ~DOTRMHEINDS Cu'A A BERNDIETL
BENCGXDEEBII/NIWVWEHFEL TS, ZLT, Y0 2EDAL v b U LARE
YAEMELTD Y A h~DOF BRI K B REEHIE] RO [YBayCuz07.572 & D
SRR L MBIEAETD Y A h~DT 787 Z(Ca)fSIZ X5 Cu A F U BFHEHA~
DEHEAN] D2 ODHELEFTCORREEE X2 T, CuYO, IZBWT Y ¥4 h~D
#H1E (Eu, ThRQRTm) &7 2787 % (Ca) OIFMNERKA, e L EE/FME
DORIBEFIEICD TR LIEZ I EZBICBE L 2, 20k S REERLET S p ¥
M oA BT, IREEFRBER O NEME L LToBar 67T Tl
n FEAREELY & DBEA pn BEBLHFEIT A RAORBEOBENG b Iz~ A B
BRIEV, T34 RIGHICBW I EBEERBEM R EE L 2553, CuYO, IZBWTIER
IR BRI L D RE 0onTh B, AFETIIHBENEELEREERETHS
BIREZE MO THWT CuYO,, CuTb,Y 1,02 & T\ CuEu,Y .0, EBED1ERLZ R 777,
2. MEOER

CuYO, V7 ZFEGITBRICHRE SN TWVB L 51T, Cu0 & Y,.0; FE E A= [E+E
ROSIZ &0 Z2RH 1050°C OB T Cup Y205 2572 &IC, TNEERF 1050°C TEL
IR L CERAIRETH B 29, RBFETIE, ZhE2BEICL, BROICRBHAKLZ A3
ERICEM L CRBIEEHIL, ZOHBRERELZRPENE L, REICERFPEL
BLTEEZER L, BHEMN CuYO, BEDH A O BEENEFHFZLTIZERRS,
Cu(NO3),*3H,0 J& £ 30mmol & O Y(NO3)3*6H,0 ikl 30mmol 2V EDA 7 F LT = =
N —F )L LIk 25ml ([IRAEB LI-EEHRIROBIZ, AEEREE LT-%,
1[en/sJBETH & EiF, ZORBHAREZ ARERICER Lz, RIZZEXRF 1200C# 15
o, X512 550C3 oML L TS E, ZThoDEEE 9E#EVIRL
212, ZERHF 800~1050°C 4 BEfE, HEZIZEFRF 800~1050°C4 B DEMLER 21T >
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Fig.1 XRD patterns of the films annealed in air
at 800~1050 °C. For reference, the Powder
Diffraction File (PDF) of the International Center
for Diffraction Data for Cu,Y,Os (PDF #33-0551)
and a typical XRD pattern of bulk CuYO, powder
are also shown in the upper part of the figure.
XRD peaks labeled by V, O and @ correspond to
CuO, Y ;0; and Y,SiOs, respectively.
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Fig. 2 XRD patterns of the films annealed in the
nitrogen flow at 800~1050 °C. For reference,
PDF of the 2H- and 3R-polytype delafossite
structures of CuYO, (PDF #37-0929 and PDF
#39-0244) and a typical XRD pattern of bulk
CuYO, powder with the mixed 2H- and
3R-polytype delafossite structures are also shown
in the upper part of the figure. Peaks labeled by
X, V, ¥,0, @ < and @ correspond to
CUZY205, CuO, CUZO, Y203, YzSiOS, sti207 and
SiO,, respectively.
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Fig. 3 Typical PL spectra of (a) CuYO, films and (b)
bulk CuYO, samples at room temperature under the
He-Cd laser 325 nm excitation.
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Fig. 4 Typical XRD patterns of CuTb,Y,.,O, and
CuEu, Y0, films. For reference, a typical XRD pattern
of CuYO, films with the mixed 2H- and 3R-polytype
delafossite structures is also shown in the upper part of
the figure. XRD peaks labeled by , ¥V, ¥, and O,
correspond to CuO, Cu,0, Y,0s, respectively.

3.55

— =
3.54} N
= EA
- A '."/,. ~ i
3 T L
353F - ‘;&f’@
':"‘,.g" =
?;' a} 4 u
3.52 L . :
0.0 0.1 0.2 0.3
Tb or Eu Concetration x

Fig. 5 The lattice parameter a of the delafossite structure
as Eu or Tb concentration x in starting source materials.
The a values of CuTb,Y.,0,, CuEu,Y;..O, and CuYO,
films are shown by A, Mand e, respectively. For
reference, those of bulk CuTb,Y;.0,, CuEu,Y,,O, and
CuYO, samples are also shown by A, OO and O,
respectively. The dotted and dash-dotted lines show the
respective a vales estimated for CuTb,Y,,0, and
CuEu, Y0, by using Isawa’s data” and the rare-earth
ionic radii® as reported in ref. 2.
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Fig. 6  Typical PL spectra of (a)
CuY,Tb;,O, films and (b) bulk

CuY,Tb;..O, samples at room temperature
under the He-Cd laser 325 nm excitation.

(@) J=0; EuIDe—TF,
J=1
J=2
£O
E . s s
'g (® J=0
g J=1
i {
A~
=2
a3 A
500 600 700
Wavelength (nm)
Fig. 7  Typical PL spectra of (a)
CuY,Eu;, 0, films and (b) bulk

CuY,Eu, .0, samples at room temperature
under the He-Cd laser 325 nm excitation.

EABPER SN2, T RERREUR Y YA F2BHRLTWVWAZEE2XFELT
WA, ZILSDEZEIT CuTb,Y 1.0, &K ¥ CuBw, Y 1.0 EIEDOERICEKTI L2 L 2R L

T3,
HEE

ARFFED—HRIT B RFEHHIRI S OB ER SRR A& DB 2 1% TiThh i,

BERR
1) H. Kawazoe et al.: Nature 389 (1997) 939.

2) N. Tsuboi et al.: Phys. Status Solidi A 203 (2006) 2723.

3) M. K. Jayaraj et al.: Thin Solid Films 397 (2001) 244.
4) R. J. Hoffman et al.: J. Appl. Phys. 90 (2001) 5763.
5) R.J. Cava et al.: J. Solid State Chem. 104 (1993) 437.
6) A. Jacob et al.: Solid State Commun. 103 (1997) 529.
7) K. Isawa et al.: Phys. Rev. B 56, 3457 (1997).

8) R. D. Shanon: Acta Crystallogr. A32 (1976) 751.

116



CuFeO, FEREEDIER L Z DO BEX B R

Preparation of CuFeO, Polycrystal and its Electrical Properties

KBRFFSZRZE T2E D KRERTEHIER Y
OFfE KERD Fm@| #E? $E 5
OTaro Monden?, Atsushi Asida® and Atsushi Nakahira®
YSchool of Engineering, Osaka Prefecture University
)Graduate School of Engineering, Osaka Prefecture University

Abstract Delafossite CuFeO, single phase bulk crystals were prepared by solid-state reaction method
with calcination at 800-1000°C and sintering at 1000-1050°C. The stoichiometric crystal prepared with
calcination at 850°C shows large grains. The resistivity decreases with increasing the calcination
temperature up to 850°C, and increases. The dependences of grain growth and resistivity on calcination
temperature correspond to each other. XRD peaks from off-stoichiometric Cuj+xFeixO; (-0.04<x<+0.02)
bulk crystals calcinated at 850°C correspond only to the delafossite structure. Cu-rich sample shows very
large grains as same as the stoichiometlic one, though Fe-rich samples show small grains close to that of
stoichiometric ones calcinated at 800°C and 900°C. Cu-rich sample shows a resistivity close to that of
stoichiometric one, though the resistivity increases with increasing Fe. However, the resistivities of
Fe-rich samples are smaller than that of the stoichiometric ones calcinated at temperatures other than
850°C, which does not correspond to the grain size. Therefore, it is expected that the carrier density
increased by increasing Fe concentration.
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Fig.1 Experimental
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CuFeO; bulk.
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Fig.4 XRD patterns of CuFeO; bulk Fig.5 SEMimages of CuFeO, bulk crystals
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