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Preface

We had established a new group, named “hetero-wurtzite and related compounds”, in April
2003. We would like to report on the research results we have achieved for three years in this
booklet.

This group will be restructured at the end of the current fiscal year(FY 2005). In the original
plan, our finale goal was to establish processes that control a materials properties that are
normally impossible to control only using a monolithic compound. For this purpose, we have
mainly created hetero-structures containing some wurtzite-type compounds and non-equilibrium
solid solutions. Furthermore, their characterizations have been absolutely carried out, and then
the relationship between their properties and some defects were studied, e.g, impurities, grain
boundaries, and their complex. Unprecedented phenomena have been discovered through this
research process.

Although only three years have passed since the group was established, we have been quite
productive, including developing a technique for flatting the surface of zinc oxide single crystals
in atomic size order, creating GaN thin films on zinc oxide single crystals, developing a method
to synthesize nano-size calcium zirconate powder, and so on. Furthermore, we started research
into the environmental field and have already proposed a new process to synthesize visible light
active photocatalyst. We are also searching for new materials in the optical field that contain
not only inorganic compounds but also organic compounds.

I would refer you to the main body of this booklet for more detailed information about specific
research areas. We will do our best to ensure our results, which will be achieved in our basic
research, have a meaningful contribution to society. To develop our basic research and technol-
ogy for wide use in various fields, energetic discussion and joint research with researchers and
engineers from other research groups and private corporations are needed. To this end, we would
ask for your continued guidance and encouragement, and, finally, we would like to thank Mrs.
Hirafuji for editing this report.

March, 2006

Dr. Hajime HANEDA

Director, Electroceramics Group,

Advanced Materials Laboratory,

1-1 Namiki, Tsukuba, Ibaraki,
305-0044, JAPAN

TEL:+81-29-8604665

FAX:+81-29-855-1196

URL: http://www.nims.go.jp/denzai/
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Study on hetero-wurtzite compounds

Abstract

This document is the report on activity of the electroceramic research group which con-
tinued to exist from April 1, 2003 to March 31, 2006. At first, this project had been 5-year
plan, but its period has been shortened due to a structural reform of the National Institute for
Materials Science. During this term the several basic researches have been conduced on the
“Hetero-wurtzite compounds” and related compounds in expectation of their potential appli-
cations such as electroceramic devices, piezoelectric devices, semiconductor devices, phosphor
materials, transparent electrode, photocatalyst, and so on. All the interesting researches have
been described in chapter 2 to 5.

The study of the synthesis and the properties of hetero-wurtzite thin films (Chapter 2) be
classified into zinc oxide and nitride compounds. Some relationships between defect structures
and properties have been revealed within the period.

In the study of patterning of zinc oxide powders (Chapter 3), we have focused on the
precipitation mechanism. For this purpose we have used some novel characterization technique,
e.g. a time of flight secondary ion spectrometry.

As for studies about photocatalyst (Chapter 4), optical properties of visible light sensitive
materials have been mainly carried out. According these results, we have revealed relationships
between defect structures and photocatalytic behaviors, and have developed a new synthesis
method of the visible light sensitive phtocatalyst.

In Chapter 5, the researches of the related compounds are described. We have also focused
on the perovskite compounds, because they are important materials for electroceramics and
thermal catalyst. As one-dimensional complex gives an interesting field for the basic science, we
have studied on their optical properties of these kinds of materials. During this project period,
we have engaged on a national project for combinatorial chemistry, and then a new thermal
characterization and a noble combinatorial ion-implantation method have been proposed.

Our research group will be reorganized into two research groups. One will be for the sensor
materials, and the other will be for photoemission materials. We believed that our past results
will be used to improve and develop the materials science during the next research period.

Hajime HANEDA, Shin-ichi HISHITA, Yoshiki WADA, Isao SAKAGUCHI, Naoki OHASHI,
Masaki NAKAMURA, Yutaka ADACHI, Noriko SAITO
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Fig. 1: Typical depth profile of 80 isotope tracer
after '80/160 exchange reaction. The open circles
indicate measured values and the solid line is the best
fit to Eq. 1
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Fig. 2: Cross-sectional TEM image for typical ZnO
film grown on sapphire substrate. Arrows indicate
presence of pseudo-grain-boundary.
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Fig. 3: Oxygen diffusion coefficient of ZnO films. The
open and closed triangles indicate the Al-doped films
deposited with oxygen radical irradiation and pure
O gas supply, respectively, and the closed circles in-
dicate undoped ZnO films deposited with pure Os

gas supply.
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Fig. 7: A super-lattice [Zng7;Og6] representing ZnO
with interstitial zinc at octahedral site. The atomic
arrangements were fully relaxed by the theoretical

calculation.
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Table 1: Experimentally and theoretically obtained

lattice parameters of ZnO.

Obs. Calc.
a/nm 0.325 0.3259
¢/nm 0.521 0.5258
Z 0.382 0.379

Table 2: Experimentally and theoretically obtained
elastic constants of ZnO. Experimental values are
cited from [I. B. Kobiakov, Solid State Commun., 35,
305 (1980)]

cij /GPa Obs. Cal.
C1it 207 197
C12 118 114
c13 106 89
C33 210 206
Css 40 40
Ce6 40 40
3.65 >
E 3.64 =
o
S 3634 o
" TI-point only
o
3.62 1 T
0.0 0.1 0.2

X in (Zn4.xMg,)O

Fig. 8: Relationship between theoretically obtained
lattice parameter of (Zn;_,, Mg,)O solid solution
and cation composition x in (Znj_y, Mgy)O. ‘Four
k-points in BZ’ and ‘T-point only’ indicates that the
calculations were performed with four and one sam-
ple k-point(s) in Brillouin Zone, respectively.
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Fig. 9: Formation energy of native defects in ZnO.
'VBM’ and *CBM’ indicates top of valence band and
bottom of conduction band determined within the
calculation condition applied to this study. The hor-
izontal axis shows Fermi energy of the corresponding

system.
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Fig. 10: Relationship between theoretically obtained
lattice parameter of (Zn;_x, Mgy)O solid solution
and cation composition x in (Zn;.., Mg,)O. ‘Four
k-points in BZ’ and ‘G-point only’ indicates that the
calculations were performed with four and one sam-
ple k-point(s) in Brillouin Zone, respectively.
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Fig. 11: Contour map of the wavefunction of the high-
est occupied band in [Zngs AlO36] supercell.
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Fig. 12: Cathodoluminescence spectrum of Li-doped
Zn0O ceramics. The broken lines indicate repeated
peaks at every 72 meV.
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Fig. 13: Superlattice models for lithium dimmer com-
plex.
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Fig. 14: SIMS depth profile of nominally undoped
ZnQ sintered body prepared in an electric furnace

with a high purity alumina furnace tube.
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Fig. 15: RHEED patterns of the ZnO films deposited
on (0001) Al;O3 substrates. The thicknesses of the
ZnO films are (a) 0.1nm and (b) 3nm, respectively.
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Fig. 16: RHEED pattern of the ZnO film deposited
on an (11-20) Al,O3 substrate. The thickness of the
ZnO film is 3 nm.
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Fig. 17: RHEED patterns from the (0001) ZrBs sub-
strates. Initial ZrBy substrate. (b) 0.25 ML Zn de-
position. (c¢) 1.5 ML Zn deposition. (d) 1.5 Ml Zn +
2000 L Os. (e) 1.5 ML Zn + 6000 L Os.
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Fig. 18: ZnLM MXPS spectra. Single crystal ZnO.
(b) As-deposited 3 ML Zn film. (c) 3 ML Zn + 2000
L O3. (d) 3 ML Zn + 10000 L Ox.
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Fig. 19: Photoluminescence intensity map for the
band-edge luminescence of ZnO thin film grown on
1 inch diameter silicon substrate by a pulse laser de-
position.

Narrow Wide

Peak width / a.u.

Fig. 20: Photoluminescence peak width map for the
band-edge luminescence of ZnO thin film grown on 1
inch diameter silicon substrate by a pulse laser depo-

sition.
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Fig. 21: Substrate and target geometry for our pulsed

=

laser deposition processes.
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Fig. 22: Simulated and observed Rutherford back
scattering pattern for In-Zn-O film deposited on
sapphire substrate by pulsed laser deposition at
600 'C under oxygen gas ambient of 10~3Torr.
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Fig. 23: Chemical composition of In-Zn-O film de-
posited on sapphire substrate by pulsed laser depo-
sition at 600 C under various oxygen gas pressure
conditions. The cationic composition of the oxide ce-

ramic target used for these deposition experiments
was (In/Zn)=(2/5).
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Fig. 24: Transmission electron microscope image of
the sapphire/ZnO interface after heat treatment at
900 C for 6h.
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Fig. 25: Surface morphology of the ZnO film grown
on a sapphire substrate after heat treatment at
900 C for 6h observed with an AFM.
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Fig. 26: X-ray diffraction pattern of the In-Zn-O film
on cubic zirconia (111) substrate after heat treatment
at 1200 C.
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Fig. 27: FE-SEM images of ZnO thin films deposited
on Au/Al;O3. The Au film thickness of (a), (b) and
(c) were 0, 5, and 35 nm, respectively.
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Fig. 28: The transmittance spectra of ZnO thin films.

Au thickness is shown in the figure.
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Fig. 29: High-resolution TEM photographs of an ir-
regular disk shaped ZnO grain. Photographs show
the bright field image and diffraction pattern.
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Fig. 30: High-resolution secondary ion images ob-
tained from ZnO thin film deposited on the substrate

coated with Au of 35 nm in thickness. The detected

ion species are indicated in the images.
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Fig. 31: Depth profiles obtained in ZnO thin film
deposited on the substrate coated with Au of 35 nm

thickness.
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Fig. 32: Electron concentration in Al and/or Li

doped ZnO ceramics at room temperature. The hor-
izontal axis shows the concentration difference be-
tween Al and Li, and its positive value shows Al-rich
composition. Notation of the symbols are given in
the figure.
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Fig. 33: Relationship between film deposition tem-
perature and residual electron concentration in the
ZnO films grown on sapphire substrate by molecular
beam epitaxy.
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Fig. 34: Photoluminescence spectra of as-deposited

and annealed ZnO film grown on YSZ and sapphire
substrate.
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Fig. 35: Temperature dependence of electronic trans-
port properties of annealed ZnO film on sapphire sub-
strate.
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Fig. 36: Temperature dependence of cathodolumines-
cence spectra of Al-doped (a) and undoped (b) ZnO
film.
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Fig. 37: Cathodoluminescence spectra of various ZnO

cerarnics.
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Fig. 38: Photoluminescence excitation spectra of
Zn0O . Zn phosphor and (Li, Al}-coped ZnO at room
temperature monitored with the luminescence inten-

sity at 510 nm.
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InN EOEEX, £ 500nm, 200nm & L7z,
#1172 GaN/Zn0O, GaN/InGaN/ZnO, InN/ZnO ~
FOREEIX XRD (0-20, Uy ¥ 7 h— 7, x S
M, x MZEf~ v ¥ 7)), BREFEME (TEM),

HIFRAREPE F-#REHT (SAD), PCRE - El#T (CBED),
B 221 o v EEL (CAICISS) # v, Z0iE%
MELS.

2.3.1.3 RBREEE

XRD IEDOFER, ZnO (0001) FHEARK LICEERE S
72 GaN JEid ¢ BhECIE L FERR S M7z, x RS EA S
& GaN O XEIFFRICIFE S5 BT EA56 MR S
M, ZnO BHESEFE CENERZ b o/ ¥dy ¥y
VR TH S Z &R SNz, FEEIC, ZnO (0001)
FRERLZ GaN DRI L7 X3 v VBRI
RBENTz, T 74 TEKRED GaN RFEEFED
BRICTER S 3\ a-b EAIC 30° BlEE L 7o G,
InO EWDOBEITIIBR I N2 L2¥bho 7z,
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Fig. 39: (1124) x-ray reciprocal space maps of

GaN films without InGaN buffer layer (a) and with
{In,Ga)N buffer layer (b).
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Fig. 40: XRD reciprocal space mapping for 1124
diffraction of InN. (a) 20-nm-thick InN on (0001)
ZnO substrate, (b) 200-nm-thick InN on (0001) ZnO
substrate, (c) 20-nm-thick InN on (0001) ZnO sub-
strate, (d) 20-nm-thick InN on (0001) ZnO substrate.
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Fig. 41: TEM images of the (0001) ZnO/InN inter-
face: (a) original and (b) FFT image.
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Fig. 42: Glancing angle dependencies of the Zn or Ga
signal intensity along the [1120] azimuth. (a) ZnO
single crystal (0001), (b) ZnO single crystal (0001),
(c) InN film grown on (0001) ZnO and (d) InN films
grown on (0001) ZnO.
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Fig. 43: XRD profiles and x-ray pole figure of the
GaN/(In,Ga)N/ZnQ structure grown on (1120) ZnO.
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Fig. 44: TEM image of sample. All GaN layers, ori-
ented structure with c-axis. No secondary phase at
isotopic boundaries.

HAGREE % 650 CICERE L7275, FHWLEFAETIC LN
EERE LTI T0CREETHo - EbNS,

D& BREMNEDOAT OEEEZ TR T 5, EA
ROXAT)VEFREISIEE 2 5. SROERTIE, @
DEFEH A (99.65%*N, 0.35%'°N) & 15N % 96%\Z
B LT ADZREE AV, TRSDH X 255k
FTHE, TATA i3k sy, 1x10 %torr LLEIC
BZPER L7:. D, @FERD GaN & GalN, 1°N
ZiEHE L7728 S % Gal’N Ly 5. Bl S - EE
EREEIRZ AFM TEIET 5 Lfiti, TEMIZX 5
WA EOFME T o 72, /2, FESEEIZ XRD I
LOHRL. Tho0FB %, fTEDREICBWT,
YVHITTAF a— TR TSI E T o 72, O,
FHERL LTCEEMEZEETNX (BH210KUT) %
FHuw7=,

BN BIUMUN HD5VIEERERTETHS Al &
Zn DS FAGAIE ZENCREI KA +  EE5HE
% 17z (CAMECA, IMS 4f) . —RA F ¥ ¥— 4
X Cst BLU Ot ZHW. Cst DFA, FhFho
TFEiE, Gal®N—, Ga*N—, AIO~ » A\ i ZnO~ D
EIOBRBAFVELTHRIBLE. &, —kAF -

(A)
—Ga'4N"

Ga'sN”

Second. ion int. / counts * -1

00 02 04 06 08 10 1.2
4

Depthx10™ / cm
Fig. 45: Typical depth profiles of N isotopes and sub-
strate element, Al. (As-deposited sample). (A): Cs™
primary ion, negative secondary ions. (B): O2T pri-

mary ion, positive secondary ions.
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Fig. 46: Depth profile of 1°N in GaN thin film an-
nealed at 1223K for 8h in Ny atmosphere.
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Fig. 47: 20x20um? AFM surface images of crater
bottoms sputtered by (A) Cs* and (B) O,t.
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Fig. 48: Schematic drawing of the depth profiles using
Cst* and (B) O™ primary ion beams.
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Fig. 49: Diffusion profile of Al ions from substrates.
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Fig. 50: Arrhenius plot of cation diffusion coefficient
in GaN. Closed circles and solid line is for present
data of Al ions. x, for present datum of Zn ions.
Open circles, Al ion (ref.104). Dot and dash line,
for Si (ref.105). Closed triangular, for V (ref.106).
Dashed line, Al in ZnO lattice (ref.107)
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Fig. 51: Annealing duration dependence on °N

abundances in GaN films deposited on A-face of sap-
phire.Annealing temperature: 1223K.0,", primary
ion beam.
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Fig. 52: Typical result of fitting procedure with a
simple error function for 8h annealing at 1223K.
Open circles are observed values, the solid line is the

calculated values, respectively.
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data for as-deposited samples. Primary ion for the

reported data, Ar.
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BB, e, NUR YR EDEERELS Iv I A
MEELTELOSFICHVLNTWVS, ThbDw
A 7 aFNA 2L IREBEFULAART R TH Y, /3
¥ —= v FHROBRRENRD LR TWE, ZThE T,
HIEDO TN —7TiE, EIRTOEEE/ Y — » &M
L LT, HOMBILE (SAM) 7 7L —PEHWVT
BNy — RS T O ADOREETFToTER
D=3, SAM 7> 7L — MEEM WK L7 SAM
W74 A7 2N LTERIOEEZBE L, SAM 2%
HRETENTS. SAMOREEREICL T, £
O L OEHRERONTHBRENEL B DT, RISEDE
AR L CTRHEOEHMCERWICET I v 7 ABZ K
BESRBEZENTRETHAH. SAM EEIR T TIEHHE
LTLEI 20, £F 3y 7 AEOEFIZKETITH
VEND Y, BALHES O IEMEIIC L o TRERE
BT 2 HIEIC L o7, ZOBALESH/ Ny —= > 7k
T, REROERBEE T TCOBBEN-TyF 7L
W ot R EGRLRY, ZIFEE, FE, PHKE
W E V) S THEBENNY - VITHBTE 720,
HpBEBECARTE, 8EaX MR EFE(ETE2ED
D THL, BROMBEFIKE R VE VoA v b S
HoH. KETE, ZOBLEGF-vOFYT IS
JE¥—va e LT, RITEEME ZRA 4V EE0HT
5t (TOF-SIMS) # w7z Al BROBIEY, BLU
HEE DM 24T o 72 5.

3.1 BtEpNZ—LEERTOt

XD TOF-SIMS 7»#f
3.1.1 RL®IC

FATREEI R A 4 » E & 0475 Time-of-flight sec-
ondary ion mass spectrometry (TOF-SIMS) &, #i3

HOSWICE D ZEBETH ), HIRITREAEROE R
SMEDID, BHTFEOEEOREVYECUET
LI ENTEL, $i, Ny —rO= v EV 7IRE
THY), FFEO B CHRIES, HMEomiRE, &
LHSRE 2 ST 2 DIE L TWD LEILNLDT,
B RBRRE DMEED 72 W5 & SR A 7.

3.1.2 ERAE

Phenyl-trichloro-silane (PTCS) @ 1-vol% bk VT~
B, SiFR% 5 iR L TERERTENIC SAM 27
B L7z, U, MLV TEEL, ZRP120C TS
AREMEL L7, KIS, ZOSAM DT — AL ETo 7.
SAM HARIC, R¥EH T A Cr &85 — VL7 7
+ <A 27 (ERETRIE, TOPPAN-TEST-CHART-
NO2) #2454, UVEBELITo/. 2O UV EHIC
%, 185nm & 254nm DFEEE b OKENKET V%
Bw (UVFY VY27 )—F—, BRV—F—-ETH).
P FMLE (57 72558 6cm) TOREHE L
3.5mW/cm? Ch b, ZOERE/T Vv sauA Nl
2R L, SAM ¥ > 7L — MIPd/Sn 20 A g7
A3 X277, 9735 C D Cataprepd04 (SHIPLEY)
KB, PTCS-SAM EREZZELT1IOHREDHL,
45°C ® NaCl X—A Pd/Sn 2 © 4 F (Cataposit 44,
SHIPLEY) 2 3MEEL, ZOHKELL. 20
a4 Fid 1.8x1073M PdCl, & 4.2x1072M SnCl,
PEATWS. K2 HBF, KBEW (Accelerator 19,
SHIPLEY) KZERTHHMEEL, 77l —a il
BAEIT, FOBKKELZ. BLESONTHIE, 0.05M
® Zn(NO3z), (FIGHEE) & 0.01M @ Dimethyl-amine-
borane (DMAB (FIJt#iZE) DREKEH % 55C (12
L, % 30 4HEEL UTo 72, T OB LRSS
y— el O AR 1 ISR L, RIATEMAEC
KA F VEESH (ToF-SIMS IV, ION-TOF GmbH
1) 1, —RAF VI Gat 2HV, SVAER, BE
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Fig. 1:
position of ZnO on phenyltrichlorosilane (PTCS)

Schematic diagram of site-selective de-

self-assembled monolayer (SAM) template. Pat-
terned SAM with phenyl- and OH-surfaces was pre-
pared by UV-irradiation of PTCS-SAM through pho-
tomask. SAM template was site-selectively catalyzed
on phenyl-surfaces. Sn stabilizing layers of catalyst
particles were eliminated by acceleration. ZnO was

deposited on catalyst at phenyl regions.

% 2.4pA, 25kV & L, Bunching — F (BEE5#
E—F) T, EEBOTRAAVERB L, 72, B
{LEEES ZHr L2 E, DC-Ga A%y ¥ — (Ga™,
25kV, 25nA) B EIT, REE I RV TOHH
biFo. F, T FRAZOADLYIZ, BETY
ayER»EE, FheTH L T34 ~604 UV R
5 L7z PTCS 30k (B 2) DFFEl b 17 7.

UV S0 PTCS-SAM @ IR W% 7 — 1) 125

Cumulative
irradiation time

;
uv
FILTLL

i i iv| v |vijvif

Fig. 2: Schematic diagram of procedure for step-by-

step irradiation.

Hgrstaot (FT-IR) & (Nexus 470, Thermo Nico-
let) & o THNZ, ZOIRBIEIE, SiEROE
EHMOFETTFERARDL2HIZ, Ge & ATR &I
Av, AStAE65CLLATYvF A b (GATR,
Harrick) =#/H L7,

3.1.3 #FBERHELUER

<SAM 7 7L—F>
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Table 1: ToF-SIMS signal intensities detected for the
PTCS-SAM non-irradiated and UV-irradiated mask-
lessly for 60 min.

mass ion Signal intensity
non-irradiated | UV-irradiated
—58.99 | SiCH;0~ 690 675
—60.01 | SiCH4O~ 990 416
—72.01 | SiCoH4O™ 3313 646
—73.01 | SiC2H50~ 5746 506
—86.02 | SiC3HsO™ 552 195
—95.02 | SiCH7O3™ 1061 306
—59.97 SiO2~ 41943 83841
—60.97 SiHO»™ 32264 42580
—75.96 SiO3~ 6938 42608
—76.97 SiHO3™~ 27792 78331

®112, /8% — L PTCS-SAM 25 @ ToF-SIMS
P VERERR LY. 22 TOMEIZ 1.0x7.6mm
DEITOH 7 VRO TH L. AR Si{LAEWA 4+
YOV T FVEER, UVEBEICL TR L. —
75, SiOy~, SiHO,—, SiOs~, SiHO3~ DFRE L UV IR
B X o Tl L 72,

312, UV Batm 2 & TEXRL-2HAED
28iCo,H O~ & T8Si03~ A v ardi &, A 4 ViRE
@ UV BER RS2 R L7z, ™2SiCoH O™ A 4 &~
DY T FIVEREEZ UV IRETRE A5ED L L7275,
768105~ DIREIFBEINL 72, B 412, "™SiC,HO0 &
6Gi05~ DISF— v TE, TA VOB ERL
7z. "28iCoH,0~ A * T, UV RBEERSTOY 7 F
VREDE L, /87—y THEL N7, 768103~ T
IR L7z~ T9ME b7z, Dressick 5D L —4%—J
BEDFERTIZ O, CeHet YT A EE 78 DWHD
VT FVEREE DS S M ST WzAs, SEID A F v
Y — L2 & B B RS Tl Z Otk 4 % B & OWE DS
MH Sz, 2, HEDODAF Y E—LTT x
ZVEDPENT D (TF T AT ay) PEEX
JBIC Lo TERBE L0 EEZLNS. B51Z, UV
BRI D PTCS-SAM O IR WX OFERER L7z, UV

(a) 2SiC,H,0"
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Fig. 3: ToF-SIMS maps of (a) "?SiCyH40O~ and (b)
768i03~ for stepwise UV-irradiated PTCS-SAM and
dependence of signal intensities on UV-irradiation
time. Regions i-vii correspond to UV-irradiation time
of 0, 3, 5, 10, 20, 40 and 60 min.

HRESATIC A & 72 1100em !t fHE ORI UV BBEHC
FoTHELTWS, ZOIRBINEEX, HERISHE
£ L7z SHbEYOMEREIOE— F D IZ—H LT 5.
&Y, UVEENZ X - T, FERE Si D& TN

cZEDHERRTE /2. WALIZL B PTCS-SAM Lo
KROEMlF 0 O UV BEHFRIIEDOK RS L AREERT
® ™8iCyH,0~ @ TOF-SIMS ¥ 7 F VigfEx 70y
FLZ2b D% 6 (RY. KIS PTCS koA !
Opn=T4° = FH\V 72D (1—cosf/(1—cosfpn) P UV R
BHRFRMRAEMEE, 1ZIZSIMSBEDTF— % & —3K L7z,
EMEKOREZ AN F— % e, HERORME T IV
F—% 4, KOREMZANT—% 4, £ T 5 &, FHiH
6 1%, B3R : cosb=(Yws—)/Yw ZW72T. T T,
UV IBEI T T PTCS-SAM K A543 191 phenyl £
FMHE OH ZEFRMEMTHRTW T, phenyl H£FRED 5
HHEEREN o LIRET S, T72, yws & ¥ 1 EENETR,
Yws =0Ywsph + (1 — @) YwsOH, Ys=0Ysph + (1 — @)Ys0m
EELC L, cosf=acosbpn + (1 — a)cosbon L RKES.
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(a) 72SiC,H,0"

100 um

Fig. 4: ToF-SIMS maps and line-scan of ion inten-
sity for (a) "SiCoH4O~ and (b) "SiO3~ for UV-
patterned PTCS-SAM template.

cosfon 1349 1 % DT, (1—cosd)/(1—cosbpn)=a & 7%
5. [oT, oy KHHITHERY T > D SIMS ¥ 7 F
WEREE L, (1—cosf)/(1—cospn) @ UV FEEF D FE A
—HTHILIIHEBTED,

<AL T SV — b >

£212, 77X L— 3 VUBEEZROMEB LIRS
D, Pd & Sn ® ToF-SIMS ¥ 7" F VigEER Lz, &
Z TOHWMER 50x50um OFEIBTOH 7 » M EOFT
bbH. 77/l —ar pifked, Pd & Sn id phenyl
ZFTCOHELLY b Z(BRHShE. ToZ¥ L~V
YEIDO OH 2 T, PAdiZIZEAEHEBEN Do
2D LT, Sn BAELRHENSR SN, Pd/Sn
it a0 4 Fi%, Pd/Sn &K TP BILT T ICED
NZAEEZFEOLEZ LN TVEY, BHPICEIRS
D Sn HEMELTWE, OH £ EICIBEBICETTWw
72Sn A OREIFH-DDERDbDISE, Tk
L—Ya B Sn Dy ZFFVvERT7 7L —Y g
CHNCHARS & 1/6 I L7124, PdEIZIZIZED
bhirolz, 7= )VEEICIZTO A R Sn @SR

{a) Before UV irradiation
i
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IR absorbance (a. u.)
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Fig. 5: FT-IR absorbance spectra for (a) non-
irradiated and (b) UV-irradiated PTCS-SAM on Si,
and (c) bare Si substrate.

Table 2: ToF-SIMS signal intensity of 196Pd+
and '20Sn*t detected before and after acceleration,
on non-irradiated phenyl-surfaces and UV-irradiated
OH-surfaces. 12°Sn* /196Pd+ is intensity ratio of Sn
to Pd.

before acceleration | after acceleration
Phenyl OH Phenyl OH
106pg+ 1686 18 1346 117
1209+ | 33808 5981 519 40
120G+ 20.1 0.39
/106P qt
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283i+ —
0.1 mm

Fig. 7: ToF-SIMS signal maps of (a) °Pd™*, (b) 2°Sn* and (c) 22Sit for catalyzed template before acceler-

ation.
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Fig. 6: Dependence of ToF-SIMS signal intensity
of ™SiC,H,4O~ and water drop contact angle re-
ported in ref. 8 on UV-irradiation time. ph is
contact angle on PTCS-SAM before UV-irradiation.
(1—cosf)/(1—cosbpn) is correspond to area fraction

of phenyl-terminated regions.

LTHPA/Sn I T A%k-72eExbbh, OHE LT
&, 77— a YEFOT—ZICHRT, PdY
TFVRENREP o2, THIET Y TVEICLSL D
DEEbND., T/, MERICEEIN TS NaDF
BRI NI LRI,

712, 727t —3a BT oM LR S
@, Pd, Sn, Si ® ToF-SIMS ¥ 7LDy FxmRL
72. Pd & Sn i3 phenyl ®HEETOHE LI Y HL M
HEN, Pd/Snfilita oA Fix7 = =)V BIOERA
ETLHIEPHEIPOLNT, Si DAL Pd & Sn @
DO LR L7 EIME S N8, b phenyl 25

AR FCTEDLNIZZ L ZRLTWAS, 72, 77
L — a3 VEE T FEEOEFE LN,
<BALHESR/ N Y — > >

VAFIVT I VRT v (DMAB) L REERESR DA
WA TOBRICESTOEIUE Y, KDL HITEZH
ns.

(CHg)zNHBHg +OH™ — (CH3)2NH + BHg(OH)_ (1)

BH;(OH)™ — -BH,(OH)™ + -H (2)

BHQ(OH)_ +OH™ — BH- (OH)2_ i (3)

BH,(OH),~ + OH™ — BH(OH);~ + -H+e~ (4)

BH(OH);~ + OH™ — B(OH),~ + H+e~ (5)

H+-H— H, (6)

‘H+ OH™ —» H,O + e~ (7
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(CH3)2NH -+ Hzo — (CH3)2NH2+ + OH™ (8)

NO3™ + Hs0 +2e~ — NOy~ +20H™ (9)

Zn*t + 20H™ — ZnO + H,0 (10)

Meerakker (2 & 5 mEMHED > X TORITCH O KL
a0 IC LB L, WBOICBKRRIEAEZY, K7 T
AV, -BHy(OH)™ &, KFERTF, HH»FTE5S (X
(3)) . kiZ, -BH5(OH)~ DERLIC X > TE T VAR
T2 (X @) . 2oEK (5), X (6) TRLALE
DN, BIKRFERIE & BALIEAE A, BHy—n(OH),~
(n=1—4) 2SEKT 5. Pd i3k E R % e $
5EEZ2H6NTVWE D, KERFIEH, FRICR D
(& (7)) », BILLTH,O0 X% % (X 8). $7o,
(CH3)oNH i%, KBWHFTAF L LT OH™ kAR
55 (X (9)) . DMAB O bp5#Edr &, NO3~ £ 4
YHNOy~ A A VICBTLENT, pHAFLERET S (R
(10)) . filEE2HE L-BErcoA, BETHIC pH 2%
EHL, BLEsAHHL R (11)), BbHEs T
BEOMBICEFITHEELZLHTES, H8(a) i,
B fLHELSR A phenyl 25 B IZEIRAGICHTHE L7288 — >
D SEMEE%ZRL7Z.

=312, BALESE/ XY — 95 D ToF-SIMS & 7+
VIBEZ/R L7, &2 TOMEE 6.8x103um? DFEIK
TOAY Y VORI THAH. A8y ¥ —HLIERETIZIE,
Zn &£ B L3I, OHZELETY phenyl 2 L& ZIZFEE
R &7z, SEM % ClEBR LEESA K T-1% phenyl 2k
DHRIHHLTNWEZ L ZHERLTWADT, OH %
L0 In ZBEWRPLOBRBEEZLNDL, Ay ¥ —
ALEE 3-9 43421213, phenyl £ DA TD Zn & B 7%
HE N7z, ANy ¥ - 15 5% TlE, 7= )3
EDARTDZn & BHH S 7. OH %, phenyl £
LT Zn & BiZiZ A ERBEN o7z, BRLIE
SEDE X3 100nmd® DT, A8y ¥ — 15 5TK
RENB LT B L, A8y ¥ —EEIR Tnm/min & &
TBbbNA. Zn & B D SIMS ¥ 7 F VEREE AT BRL

(b)

P
o

Before sputtering After sputtering for

After sputtering for
3 min 9 min

Fig. 8: (a) SEM photograph and ToF-SIMS signal
maps of (b) 4Zn™ and (c) 1'B* on ZnO pattern be-

fore and after sputtering for 3 and 9 min.

FEEDOEZICE L L2720 T, BRIEOKEZ T
TRZLEOHEIHH L TWwBEEEZ LS, RE
B R Tld, SIMS ¥ 7 F VEREHIE, B/Znx~1/40 T
Holz. BEFEER 1K+ Y IZHWz SIMS 547 TD BT
DOFXF 2 KA F AbEIZ, Znt D 2B fEEHMBEEINT
w312 T, Z2O7T-5 M5 L, B/Zn AR
¥01% & RFED bz, THIMLFESHOREER 13 |2
ZIE—F L7 E8(b),(c) i, A/%y & —MLEFEHT
DOEALEESR /Y — ¥ L@ $4Znt+ L 1B+ 0 ToF-SIMS
Gt~y 7RRT. OHELORERE 2 B\
T, 7= VEEDATD In DR — <y TH
Boh, 72, 2O ZniXiE->T, BB Sh:.

3.14 %<&

PTCS-SAM 7~ 7L — ks F TOELHESTDO~ A 7
Oy —= 77t A% ToF-SIMS |2 & o TFi~<7-.
FOFER ToF-SIMSIZL > T, £70t AR5y 7T
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Table 3: ToF-SIMS signal intensity of %4Zn* and !B+ detected on phenyl- and OH-regions, before and after
sputtering for 3-15 min. Phenyl/OH is ratio of intensity on phenyl-regions to that on OH-regions. %4Zn* /11B+

is intensity ratio of Zn to B.

b4z + g+ bizn+ /1Bt
Before sputtering Phenyl 74703 1533 49
OH 69354 2589
Phenyl/OH 1.1 0.6
After sputtering Phenyl 61957 1341 46
for 3 min OH 2912 105
Phenyl/OH 21 13
After sputtering Phenyl 17234 526 33
for 9 min OH 211 12
Phenyl/OH 82 44
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for 15 min OH 8 N. D.
Phenyl/OH 59

DAF Y GHDA A =T %4§5H T LITHY L7z, PTCS-
SAM ETi, BBL I v A F v Eh, 2037
FVEREE X UV BETEEEICE- T L7z, ZofR
EFRNARY PR, KOFEfARNEDOERICTEY
9, PICSAEUVICL o TEH LA EEREL T
5. F7z, Pd/Sn filifiAs UV RIBEHEBUC DA L,
Z D FICOARBACHESE DR T 5 2 & 2HEIRT Z
EWTES, Fi, BMLESH TR EOE Y SIMS
F— L RESD o072 2B, ALFESORERLITIE
—EK L7

3.2 ER{EERR/ N2 — ORI
3.2.1 EFU®IC

BT SR D BORIR I, B4 B BENIEHEO 2D
WHEHEZED TS, BALESIIL WY FF¥yy 7
(3.3eV) &, BULFEFIRVF— (60meV) ZHD
OTERTOMEFRLEFTRETD Y, BIRELT
NAZRELTHIRSRTWS, $72, BLESHORE
FEREIL, BHRAEOFTHEVEEEBLETELT L7
O, TAATVAREBRE L THwLRTnS, &

51T, HBRETNSAADZ—Z 05, BALEHEH» S
DFBENHOHEN RO LN TS,

BALEESR D8y — = 0 ik, T h S ENEOEFTHIL
WCLELRFMTH Y, BIET TR EER Y —
Y TERE, ThODEEROENE AL T MC
BETLFEE LTHFEESNS, ¥/, BRILESHSD
HGED T+ P2y FHERICERL I ENFTEL L,
BELIEFIELADONLZ EICL T, HrLWIE
N —F—ihb e LTHEISRTWS,

IR OKEBE R TR LB LERSE /Sy — v id, %
BOKBAEEBLTHWAELDEBLNS, —IC,
IR ISR TH ), B{LEESFT O OH O
EAE BEOBRMBIRETLLTFHEINS. £
I, BMLEISR A 7 TNy — U ORI L, AT
BOTZ—VOEBIIOVWTHN., 27—
EoTOH P HHEEL, FHBRMEIEILT LT aEND
b, T=— WL ABMLESF O H, 0 BOEILE, A
TR HE AT 2 DI3HT & FRIMRIRIGE E 20 5 K& 72



#3%E BLESRKTF Y- DX YTy Y- a v

3.2.2 EBAE

BALHE SR/ Xy — VEDO SR A EIIRIE TR &
B L7-BRfLEESR /Sy — B E, Oy 70—, SiC
L —% —OEIRIET, 120°C 45 800 C T 2 B:fE, in
7.

R OB OFEMIZ, T+ PVI RV RV AE,
ZR T He-Cd L —#'— (A=325nm) * IV CHEIEL,
HY—=FNVIRvyEery A%, BRTINEEE 5KV O
BTHRrHWCllE L. BILESOFIRIZ, SEM
(JSM-6500F, JEOL) # W THEIZ L7z, #RFOK
& &1X XRD (Rint2000, Rigaku) HIEECTHL NI —
1§45, LaBg (SRM-660a, NIST) % AZ#EZ0FHCH
WTEH L7, FAIRINANZ M VvE, FT-IR 5%
& (FTS3000, DIGILAB) # MW, Si ok
rEBSETCHE L. Side, PdauA Feftid
72 SAM FAR L, BLESHITHEOREHIIOWT, &
w25 1000 C FTHELEYDS, REEL/T A5
W, FiRBiEESATEE, Thermal desorption spec-
troscopy system, (TDS; EMD-WA1000S, ESCO) #%
BAwWTiTo7z. HEE, AEABES T, HEZEH
(<10°Torr) , NTOF VI THRLOFNEIZLL ST
FHEHEE 60 C/min THNZL L7z, BigEL7- 7 21, M
EREESWEBLTHAVWTONL, Ho A+ ViEAL
72SinbDTF—4% b L IIBEET ADEEEITo 7.

323 HE

9z, 7=—JVE&, 600C & 800CT7 =—J
L7208 L EHHRE O SEMEEZ R L. T=—
VETOFRAENS, B 200nm DR FTTEZETH
0, KTFE, SABOBLESFFORERL:. &
OEALES FORE S ERIRIZT600C EFTOT =—
WAL o 7228, 800 C TT=— VL7 Z
A, R A ZIEAE R Do 72 DR F IR AL o
2. T=—VEIOHRBIIOWT, XRD E—ZIE1 5
ERTFREPRABL oA, c TR AIANICIE
100nm, c #HiCTEE % FHHICIE 50nm TH -7z, TEM
BIZETId, BLESR T3 200nm F2EE O B b+
Thol-Z b, TZTHOXRD ¥—ZIEDLEND

Fig. 9: SEM photographs of the ZnO samples (a) as-
deposited, and annealed at (b) 600 C and (c) 800 C.
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Fig. 10: Photoluminescence spectra from the samples
as-deposited and annealed at 300 C and 800 C. The

inset shows the magnified spectra over 420 nm.
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Fig. 11: Annealing temperature dependence of (a)
the peak intensity of the UV (377 nm) photolumines-
cence, (b) the peak top intensity of the visible light
luminescence at 630-680 nm and (c) the wavelength
of the peak of the visible light luminescence.
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Fig. 12:
measured from the phenyl- and OH-surfaces. (b)

(a) Cathodoluminescence (CL) spectra

Monochromatic 380 nm CL image for the patterned
ZnO. (c) SEM photograph for the same area of the

(b).
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Fig. 13: (a) IR absorbance spectra for the Si sub-
strate and ZnO samples as-deposited and annealed at
300 C. (b) Temperature dependence of the integral
intensity of the IR absorption from 3758.8 to 3035.7
ecm~!. The base line was taken from 3918.5 to 2608.9
ecm~!. The level for the Si substrate is indicated with
the dashed line.

ZIEHS, BALEESROMTH L7z 7 = = VERE CEE &
N7z, OH RENIIIEBALEESR2HTH L TR W T3
Jeid e h o7, PL & CL A7 FIVOELDER, i
RIANVE-DELRHBOBREDENVEEZ bILD.
734 — LB LEESR A & O Bl 380nm D CL & % X
12(b) IZ/R L7z, ZHIZITIZSEM BE (F12(c)) &
—HLTw3. M13(a) g, SiFtkE, 7=—aiL
300 C TT =— VEDOEALEESH >~ VD, IR IR
N7 MERRLZ. S ERIBEERTHREL TV S
DOTEREHLVBILEN TS, FD70, OH BT —

— 62—



38 BLEHSRTF NI DFYG sy )P —2 gy

R 149 2SEE 27z, 3400cm ™ D 70 — NI
WS Fid OH i€ — F, 1500cm~! fHED/NEw
FH— F# ¥~ 2%, H-OH ® bending €— FTH 1,
TRTORE CEBE SNz, 1100cm~! & 800 cm™!
DFINY FiZ SiO o Db D TH BH. E13(b) 2
(2, OH D€ — FORINFEEE (3035.7cm ™! &
5 3758.8cm™1) &, AEOT - VREH LT
Oy L7z, TIZTR—ZF4 /1E2608.9cm™! 5
3918.5cm™t & L7z, WRIUEEEELL, 200 C EFTOT =—
NV TIRIREIHE > TS L7225, 200 C45 300°C
AT TEABIZEA L, FRULoRETLA LT
WAAHRE 72, 400 C TP =— )V L7-BMEEER O IR Ik
INEREE L ST R & IZIZE L AV THhH o7z, K 14 1,
b EsREREL, Pd i, PTCS-SAM @ TDS fE#R%
RL7z. BE2LE 18IEFNENH, & HoO IR
%. Pdfiifit & PTCS-SAM 25 id, Pd 34D &
D 300 C 5 400 C T Hy BiBELIsME, 13E AL
HAGHIE S e o7, BREESRFEH» 51, H,0
AT150°C 5 600°C T TIZ, 220°C, 320C, 470C
W=7 2R LCHEE L2, 2ok 800C F T
Wiz, Hy 13400 205 500 C THEEL 72, Hy O A A
DIOHDE—7iZ, Hy Ol — 27 L ER o> T
L5DTC, TOH0E, Hy DBbL-bneEZ N
5. 1000 C FTOREBTHELATADEEIL, H,
70.01%, HoO #53% (EER) LEtE SN/ 22
T Zn0 D& ICP OOHHED H3RKD 72,

3.24 ER

BALEEER DRI ORE R A # = X hld, K72
HROMTH A, UV R EBFRT T I EER)
RFOBFBHEGCLADDEEZONTVS. FEFE
BEEERGE, BT Zn 447, I2E3MEORMY
ERBICHRTALEZLNTWS, 72, REEKIZ
ERORBIBEBRLTWLESbITWA, RERT
3, PL4EMEE, 150°C 205 400°C THO T = — ViRE
FHITRELSENLL, K, B, EAREFT=—
VBEILX o THENZ, T2 VICEBHEEEEOE
b, RGBEEOE(LEERL T BEEZLNS,
BALEE DILE D 7 — & TiE, 500 C LT OEE T,

3006

2000

Counts

1000

@ 200 400 600 800 1000

Temperature {°C)

8000 (b)
6000 -
3
g
f=4
S 4000 ——7n0
= P/ SAR
weeeprees 8
2000 -
0 H - A’I‘ Ly (O -Qrinyioro;
0 200 400 608 800 1000

Temperature {°C)

Fig. 14: Thermal desorption spectra for the mass
number of (a) 2 and (b) 18 from the as-deposited ZnO
sample, the Pd-attached SAM substrate and the Si
substrate.
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Fig. 1: SEM micrographs of NWZO (line 1); NVZO (line 2); NFeZO (line 3); and NZO (line 4).

BABE, BREM, 7yERN, oLV, EFE-
7 v ZFEERINZ #E L7 TiO, Jefilit 2 &5 L 7.

EFRRML72 Zn0 L ERERBBRLY & DEE LML
i (BFRFIN MOL-ZnO EATEMEL) D&, 7>
Eo T HSEAKBHICEBBRILW O HEEETH 5
Fe(NO3)s % NH,VO3, F7zid (NHy)10Wi2041 %10
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TANE—TIELE. UToREBICBWT, &L
723843, NZMO (M=Fe, V, W) TET I L & ¥ 5.
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7z, RO, BESR TR TERDOA L RN
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YEZ L (NHF) 202700 HBREFEEE L
72, FTORGERE S EOBRLES R EDOREE LR
B, 27949 CEBILL, TAEL—% —DRF|IC
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1900, 2600ppm TH > 7z. F7:, BET KHEFIZZ N
Zh 39, 49, 45, 41m?/g Th o7z, H 1 IZEZHM
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Fig. 3: The SEM images of the anion-doped TiO2 powders. (a) TO, (b) FTO, (c) NTO, and (d) NFTO.
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Fig. 2: CO2 evolution during the acetaldehyde de-
composition on the N-doped MO4-ZnO powders.
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Fig. 4: CO evolution during the AAH and TCE decomposition on the anion-doped TiO, powders. The dotted

line represents the test without photocatalyst.
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F, THEO—EHHWINT 5. WHEEOPIE 550nm
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Fig. 5: UV-Vis absorption spectra of the anion-
doped TiO; powders.
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Fig. 6: PL spectra of the anion-doped TiOs powders
and the peak deconvolution for NFTO.
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Fig. 7: NH;3-TPD profiles for the anion-doped TiO2
powders.
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Fig. 8: ESR spectra of the anion-doped TiO; pow-
ders.
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Fig. 1: Digital scanning system.
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Fig. 2: Measurement points of SIMS and sheet resis-
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Fig. 3: Boron profiles measured using SIMS.
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Fig. 4: Implanted boron dose against the horizontal
position of the sample: solid line indicates the data
calculated from the measured sheet resistance (Rs)
and the plotted data are obtained by integrating the
SIMS profiles.
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Fig. 5: Band-edge intensity map (a) and spectra (b) from ZnO thin film implanted with Ar.
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Fig. 7: Intensity (a) and position (b) of the emission
peak in spectra as a function of Ar dose.
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Fig. 6: Intensity map and spectra obtained from Ar-implanted ZnQ thin film after annealing: (a) intensity

map centered at 515nm, (b-d) spectra obtained at the numbered points along the lines 1-3, respectively, in

(a)-
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Table 1: Characteristics of CaZrOs powder after calcination

Source CaCOs (grain size)

Ordinary (200nm)

Ultra-fine (50nm)

Calcination temp. / C

Grain size (by SEM) / nm
Surface area (by BET) / g-m™>
Grain size (by BET) / nm
Crystallite size (by XRD) / nm

900 700
200 80

T 25
185 52
104 59

1000°C h
A i P S
J{. 800°C “
. A
_A 700°C A_
A 600°C

25 30 35 40 45
CuKo26 / 2deg.

Intensity / a.u.

Fig. 8: XRD pattern of the calcined powder made of
ZrQ5 and CaCO3 powder. Here, the grain size of the

original CaCQO3 powder was 50nm.

KeFb1ODIRBERE KT €5 Z LR ENT.
9213, BED CaCOs (RifE:200nm) % HFE
& LT 900 C THOIREETH S N7 CaZrOs 3K &,
B CaCO3 (k% :50nm) % HFSEEE LT 700 C
TORBETHE S N7z CaZrOs KD SEM &% i L
TRLE. ZORPSHLPZ L)1, Bl CaCO;
HBER L LTARE L7z CaZrOs (E9(a)) 13, &
HD CaCO; k% FE & L7z CaZrOs (K 9(b)) 2
"RT, B F 2520 TWAEI bbb, B
W ER 2 W3R T, SCFE ) BRI R O RE
WhEWZ &, Fiz, REEREDR CRBEESHZ 6
N7-Z eh s, REO/NEZE—HOREDIEL
72rEZOLNS. BED CaCOs ZEE L LA, |

Fig. 9: SEM image of CaZrOs powder prepared us-
ing CaCOj3 source powder of 50nm (left) and 200nm
(right) in grain size.

AHALIC B2 900 'C TOARBEDFZIC, KL I BEAE #0 A
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L T 900 C DARBETHE S N3 O RIF M 2 ik L
TR L7z, J6® SEM &5 68 6 N7 T4, BET I
FHE,POELNIHTE, XRD /Y7 — 2 6EL
N7 RTFEOMNICELTY, B CaCOs % H
BERE LB oINS RREL ZRoTWwS., &
72, BET LhEEEB L U5, XRD » 53K 6 kT
BEOBRIIBWTIE, BV 0ED, XRD X
LT L BET EREME L2 b OfE&TFED, 1312
—HLTWw5s., B TERZERTSZ LT, KEE
E KT 5 Z L STE, BEpifa T H Bl 28k
PEONDEZ EDPHRTEL.
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(a) CZ300 (b) CZ80

Sint.
Temp.

1300°C

Intensity / a.u.

1100°C

1100°C
1000°C

306 31 32 33

30 31
CuKo20 / deg.

32 33

Fig. 10: XRD pattern of BCTZ after sintering at
various temperatures using (a) CZ200 and (b) CZ80.
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M 10 I2/RT XRD /87 — v 2ME LD LR LR
H DB ARBAIREE 2 X 11 12789, 1200°C, 1300 C
THERE L2230 BT, CZ80+BT BEEE DM
1#1d CZ200+BT BEREE L IS PIE - TS, &
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€750 @ 1200°C §
3 gﬁ ‘

Fig. 11: SEM photograph of BCTZ ceramics pre-
pared using CZ80 or CZ200 for CZ source.

D&V CZ200 12T, CZ8O AL Wik TH B =
EICERRT L EEbNRS, 7277 CZ80 = K &
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R HER SN,
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TRHERR L728ICiE, RED/NS 7% CZ80 2 Ek L L7-
e, EMKSINE S, CZ200 2 )ERH Lhéa
AR THEBERIR CHEMALARZ 572912, 50 CH
BVBERIRE D SBBETEL 2 DL EZOND.
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5 5.0
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1000 1200 1400
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Fig. 12: Density of BCTZ ceramics prepared using
CZ80 or CZ200 for CaZrO3 source.
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Fig. 13: Frequency dispersion of dielectric constant
of BCTZ ceramics prepared using CZ80 or CZ200 as
precursor. Measurements were carried out at 25 C.
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XRD /8% — 1%, CZ80, CZ200 D % H 55 %}
LT, EFEHOERIIED SNT, F UEFER
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Fig. 14: XRD patterns of BizasNdg.75TizO12
films grown on (a) (111)Pt/Ti02/Si02/Si and (b)
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Fig. 15: P-E hysteresis loops of Bis.o5Ndg.75Ti3O12
films grown on (111)Pt and (100)IrO electrodes.
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Fig. 16: Piezoelectric  coefficient dszy of
Bi3_25Nd0,75Ti3012 films grown on (111)Pt and
(100)IrO4 electrodes at different dc fields.
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Fig. 17: Cross section high-resolution TEM image
of Bis 95Lag.75Tiz 012 films grown on (100)IrOs elec-
trodes.
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Fig. 18: (a) SEM image and (b) PFM image (am-
plitude) of the PZT capacitor with a lateral size of
400nm.

BLTREREBREELN-TRESH L. F
72, Nagarajan 5 (Z3EFFEREREOE Y A X 256/
LTLBL90° FAL VDAL v F VU THRKRELREE

JBBEICHEGTAILERELTBY, #NLEKDR)
EDSEER L=y FICSHEN-TEEERS 5 20,
Buhlmann & (3 HCARALIC X DER L2 PZT 0 v
FIEEWY A ZAVhE gL h Rk &E@EFE%‘%%
FTIEERE LTS 28, KEFFET D FEERIC,
INEBEWNY A XL ) RELREE Vﬁéﬁbfhb
Buhlmann 5 O#ERE —%$ 4. HOHBILICX D IE
MIN/2PZT O v FOJEEIL 100nm F2E THPWY A
XBEDOT A7 ME 1L ETH B, FL DfERK
L7280y FOTARZ PRIZ1IUDTFTHY, LVEHE
RETMREOEEGHPREN, TOTARY MLIEED X
IEBLEICHEETLON, $2, EHLICTARY
FEENEL LTS ZBAEI RBDH, Lo
RS ROMERETH 5.

534 &bHHIC

COFTHRTEZ L) ICEEMB % #ER L L7235
A, FOTHERRLEREDOBIRIZ DEERFEICE 2
HEEBIIEFICREV, TN ZARHDDICIEER
BLHREEEBEOE IO ADEE L &b ICERER
DEAZERTIR - A APEEICRIZTTHEORELR L
PEBRLEETHILEEZONS,

5.4 FREINY G LOYMEE RE
W&

ﬁﬁﬁ%zﬁmmﬁjk%wbnéDWDv:—
, BEIF LY, FUIVARATREDTF IV Y IVE
%#%ﬁmktof BIFEEE R 7Y 7 VA OB
IR E Ty T U HIGOLKICHEEZ TR 5
7% 2> C b /N T B SRR 1B ﬁgim#@ﬁﬁg
tIIvrary7Fry (MLCC) 13, %DM L
BHEHRFEIN, SHROBINET R b E TR
5. XKt MLCC OB EMR & B IRk -
BB RN E DSBS R S, R R AN O HESL AN
B d, ZoHBEMO—212, HEREEARRET
B4 4 VBRI ZETFonS,. MLCC IZK
IR MEOERD-0, HEERE L THWAHE %,
=iz PdREM S5 Ni BHEIC S 7 b L7z, Ni Eilz
R 254, BEBROBLEHH T %720 MLCC ®
BN TRIEBREZESET TITONLLENHSH. ER
DT 5 VENY) T AEACEY TIEBERSRE O & T AR K
&Y, FaEICHIEI A U2, ZOREEFRT
BEBOENFERE LTTF 7 VBN 7 LEFEEAN
OFTETEORNSRE SN, BETIHFLTELE
WERMLZFERDSITLALED MLCC IZHW LR
TWwh, L2L, COHFTETLEORMD, F5 vk
N AHRORIEREEICS 2 AREE, LT LOHS
Mo TV, FIT, AEfFETIE, Zo4&H1T3E
TERIBIROREIZONWT, F5 VBN 7 AhT
DEAHIES 2 ¢ 5 Z LI X o THRET L 72,
EEBRIIRDOFIETITo72. (BaRx)(Tii4x)Os ML Z
B AATERNT 7 VBN 7 LB RIZEMEIC
LA L. BT AAMTETLERIELa & Ho &



EoE BEWHEOEGHZ O TITYHE

35000 1.60
30000 § (a)
4 1.20
g 25000 | o
< 20000 }

- J o080 g
o 15000 i 2
10000 | J 040

5000 |
0 0.00

101 100 101 102 103 104

Freq./ kHz
5000 1.60
(b)
™ e R
& soo0of y ©
-~ 4080 ¢
& 2000} &
1000 f 1 040
I g—— 1
] 0.00
10 100 101 102 103 104
Freq./kHz

Fig. 19: Dielectric constants ¢; and dielectric losses
tand of La- and Ho-doped BaTiO; ; (a) La-doped
BaTiOs, (b) Ho-doped BaTiOs.
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Fig. 20: Volume diffusion coefficients of oxygen in
undoped, La- and Ho-doped BaTiO3.
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Fig. 21: Volume diffusion coefficients of oxygen in
La- and Ho-doped BaTiO; fabricated by A- and B-
process.
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Fig. 22: Dielectric constants €5 and dielectric losses
tand of La -doped BaTiO3 fabricated by B-process.

ZIT, Lat HoDA A VEFEDEVEEE TS &,
LaliBathAf MIOAREBERLGA + Y RIEEAEKT 5
25, Ho DA FHEFA/NE N &5 Bat A be Ti
YA POWEY A b2 EET 539360 L EZ LI LN
WEeThHb. HoA F v Tiv A MIEH L2EER
X (7) TERIN, HOHERRICLDRK (5) £ (7)
PHEL, A+ v REEDEBITET & %W,

Hoy03 + 2Tips* + O™ — 2HO£[‘i + Vo + 2Ti05

Ho-doped BaTiO3 I2BWT, GEHEEDOE WV (A-
process vs. B-process) Z & % BEEILEIRE D ZE LD
BoNRwoll, SR TOBEDBFEIEIRL 2o
THERT AIFEFHEREVD N0 LFRTE 5.
Kz, TDX) RIEFEREIFEFEICED LS
LB BT T DA, A-process & B-process THEH 1L
7> La-doped BaTiO3 IZBIT A FEE L tand DJEWEEK
385 % LLGEEA L 72, B-process TIF b 723 VEL O FE
ik 5% X 22 127R$. A-process T 5 L7300
EAFE (B 19) FREBEHICRE (ESN. LaL,
B-process T15 b L 723 B TR B BRIV S <,
Z O¥41% undoped- BaTiO3 X Ho-doped BaTiOs &
HFUT AR THo7z. Lzd5> T, BEFBRECTHER
B bARO TRWEE THH S G HMERET D
BCEATIRREDR 1o B 720, Rk L7z X 9 3B
FADEBIZHIHI S N, BEBREIEL (YESND
rERKRLZ. Z0XHIC, Ho ldHTCMHERIRIC
X 5 TBaTiO3 RETAH A bhDGA F v L BEZED

ig. 23: 165Ho0~ and 28Si~ ion images in Ho-
(%g 8
doped BaTiO3 (x=0.01).

BT XRKazw ) LT 2RMITEETHAH T EHHL
IRy

Z 2T, FEBRIZ Ho ¥ BaTiOs DRESEHATED X )
ICEE L TWB 00, EERINICBIT 5 Ho DRES
T —RA A EEAGE O FESEGE SIMS (Nano SIMS
50, Cameca) = H\ T L7z, & 23 |2 BaTiOs A7
A D Ho 4345 &£ A Si T~ —F ¥ 7 LR g 2R
F. ZORENS, Ho GHFLEERICEZ LA/ LT
BT EHBH L. oG % & BRETFHEME T
BypHrLa7 - Yo VEEREERLTEY, a7EHIE
SR EA T R T RRIR OO H 7z, Nano SIMS
DRERLIBAE L T = VERIC Ho ¥HIBEICHA LT
WA I ENbhot. TOXD) MEBEOREX, &
HEBECTEUAWMOBESIC L b LIEBESNE, T/,
HFEBAAD I 7EICH Ho OISR LN, FOiE
FE3HE ppm Thotz. ZOMEIE, A+ Y EAETHE



FoE HEWEDOERL L Yk

%L L7 Ho-doped BaTiO3z 25 Af&d - 72 Ho DFEE
R EEIZIT—F L%, > T, Ho A 4 ¥ BaTiOs
DR Fatd & fE 3 2 BB E ppm BETH B &
HREND, 2B, 2T7HL o VEBEFNTNOBEE
WERBICER IR, FBOXRMBILFICFEIZ 2w
NP R (A

AT, FEIUVBN)TLET Iy 7 AOFHE
HICRESBELRIZTRFO—2 L LT, EFHR
MBOBEEZHLPII L. TRz CoidMEo
BIREFNIZIE L2702 A DORBELSUIETH 5.
BB BEIRIRR - MERD I VT T RS
57290121%, &9 LS IERBIINZRINICE (Ho, Y,
Dy etc.) ICREEN D b DTIER L, BHFHTFHER
BECHETELER 7O AL EIRT A2 & CTH 5
THb. LrL, TENRBEP»SIE, Hon k)i
FEROBER 7 12 AT IR E IR T &, R
MEEREILTELDIMFE L s, KIFET
BONZFEFHREE T L & L RIGILE, Ol
&, MBSHICET 2RI, 4%RoMMm s X K
7 1 AU EMREOFLE R B FET I v
7 ACBCT, FHSELH 7 BRa IR oD
DEWFTS.

5.5 —RITIEADIEE
5.5.1 BAHIC

T REETFRICEL S —RLEBETRYET L RALKE
FEATI, BREGEOENIEEESR, FEICKE
72 SRR R RN B IR TR IR RS, =
R EWEICRON W r BT Lo
BICHOMED? 5 I FE TR RKREOHEIfTOIT
&7, LPLKREO n BTIHEISETFRTH L7120,
BETORBEBH I AN E—RLETAEE, EFETFHE
Ve 7% Eoyerkee, et x IR T 5 ERN L WHEE
FREGBEHTELIEEZ EidHEERY, S5
HRSBILL, BAMORYE, SNOWRENER
RROBEBELRBEREZHEL LTS, "aF Y EER
ERFEEHEE (MX ) ik, M3+e-X—-M3—*-
X—-M3+PX—-M3*-P-X~ OFkICEE (M=Pt, Pd, Ni)

1 Frenaly (X=Cl, Br, I) 4 4+ VY HPREICHE
SEEEFL 3, EBAFvinnaF AT
BRSNS EH EICHBEN R - RTTETR2ETLIWE
THb. WMEERTHL, EBAA Y, "Nar A4
v, BT, AT v —AF VEOBREZOBRIC
$0, BFHRTAEEER, EF0ofBRE I L F—,
BEFHESOYHE Y LHLEE TR, YWiED
ZALZFI SR T EDTEREAWE TH S 3939 =
DZ Lo MX R, RILKEZESFTREBET
ERVYEEOEB CRAOOHBEOER OME S
LDYMERTHAHEEZOND, X5 AR ICHEERLDS
BONDLEVIFHMERELTVWAE72D, EFEICON
TOFEHERI) T LR, BRI L ML %
PEBR U C, W26, o, ME%475
DIEL72WETHH. EMFEERIRE (CDW) %
HEERIREEE T2 Pt RO P $8KTIx, ~Nasr A4
VOERA G VEORLPEDTIICE BISA IV A
EALEEBMBESMOHN A THEE, B, N
Y F¥ vy TEOMOYEIREIN TS, TN
B, KEHEIC X Y BRASASBIICELT 5 E8F
EBAEEMOME DR SIS, SHEEEIRE
LWEERICITRTERE R &R IT. ZoEL
ik DIGIRETH 2 e T, HEBEFELNE, v
VhY, F=Iuy, BOHRERRTEDO—RTRKF
B OMEFRMIREEIRRR T 5 38,40, —RTEBEFRIC
BWTHHET, EfL, BhEFRELBTBHERES
L7728+, B, BRTFREOEIZRT > ¥ v L)
T=HBHFEL W0, SBERERICIBREL S Fh
FNOEFRIIREORE FIZIA T B A
BEEZLNL, —RILETRZONEEE Wk E
ELTIND DRFRBIKEOSEIHC L > TSN
TBY, NEROK TR EREEBHT s &
&, WGEREORBEO A A=A A, WO EE S
PICTBETRARTHD. ZD7-0D, Pt-skEiE
MICOWTHRERTH LTS Y (CL, Br, I) 44
YEREBEBRL, ETRTHEERLETFOLBBE T A
NEF—EELSE, BHVHEROSAFIv R L,
IO DY E & IFMAEEE L ORIV, #
ERIAIE R R FBE LTHIZE L7, AETIHE,
BT8R I BT A W ES 2B = L7 T-4%

RO



ESE BEYWHEOARL LU

&, [Pt(en)s][Pt(en)s15](SO4)-6Ho 0 (Pt-1) Delphie
BOBTRABRICOVTRET 5. MX K TIRE
FIEED 7 -0 Y5058 72O T L EHE
FIEAA TIIBEMBAREIKRECELD Z LS 22
o TWw5h, 2 CHERRBIHEIC X i ForE e
UTRERT 2546, BEETELGSEE LTkAE
Bt B 5A D FNE IO T BRI 24T - 7-.

VTR T D EE R IR E

Pt-IEEADRETRIGEDO ¥ — 7 T AL F —531.5eV
THADT, ERIHECTHRERINEILEL %5, B
MR L7585 7 747 L—F— DO ERE
EETERE TGRS LR L, EREo—
B (F9200p)) ALV HEIER S &N b pE
ICENL, BOHNMAERICIY) 724 FREBLEE R
EIEINETU—TRE LTHERLE. BEEHER
WK b XA cHBXEZ /L0 L —F =Dtk
FERELVIBELS T2 VEETH L. B
WL E OEREEIIRBEOR Y 7&T0— 7% H
Wz, ORI EREB LS SR A L
e, ENENL 150fs, $9200fs TH o7z, ek
#r& LT, HgCdTe ZRILEMHLE, KU InGaAs ¥
A= FT7 LA EBRe2EHTLEICLY, #h?
M, 0.9um~2.2pm B L 0.9um~1.75um D H4EH
TOWEZITo72. InGaAs ¥4 F— F7 L A e
AT AGEI0E, ABEEOELEORELIS 2,
BELCHET A0, Xt Fay 7L CllsE
T o 7.

5.5.2

5.5.3 HHEEFENORMBERR

Pt-Ishh%2 T4 0¥ 7 7 4 7 HAEMEROSE &R
W (3.1eV) TRHE L7 HADB\EWMILA <7 V%[
24 R, BEFRIGEDO Y — 7 TRV F—1F 1.5eV
THY, FE_EmRERRTRIGE L )o@t
VE—=TdHY), BHEFEILSEELBRETSH L &
EZoND. FEERICE0.7eV E (A) & L.leV ff
I (B) (SRR S, BERIORGE & & b ICHR
A RE T AV F -, IR BRI R oL F

0.2 T T T
0.16ps Pt 100K
&34 4 A E,=3.1eV |
o
=
0.0 0.38ps
[ 62ps B
0.84ps
1.01ps

0.6 0:7 ‘ ofa 09 10 1.1
HFIARILE— (V)

Fig. 24: Time evolution of transient absorption of
Pt-1I for Eex=3.10eV.
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Fig. 25: Transient absorption spectra of Pt-I for ex-
citation photon energy (E.,) of 3.10eV.
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Fig. 26:

74cm~! vibration component in transient absorption
of Pt-I for E.,=3.10eV.

(a) Decay times and (b) phases of the

I E BV TS, FRMCER = 3L X — 4880 M
5 1.0eV IEBISED ICONBEERPEL B L

HERE STz E5ICE 25 IR ENT2 Egey=0.71eV
D> EBAT BT DHE L Eger=0.99eV O
oL ) EENTHEETDIULL LAY OBEHIZFNR
Fihl.lps, 1.2ps LITIZ—FK L TWAE. ZOFEEILF
REERIC A, BIIUHE %384 L T2 B ANREE DR IX
W 24 O D RG34 S HIREIBM L-E%
RLTWA, BHEFEILSIHRETHY, IUH
FEHFEBIIC BT 0.95eV IR —F 1 Y IRINDS
RoNbZEPLIREING, BUYERS & bEERLA
FFFOR—Fn VIGERT S LEZ NS, MX i
T, X-M-X O PMPfEREN 2 < BTREEAL
TWAEFHL PR o TV A, Pl 45K EERE
KBV TIE Z O ERMEBEREIRE OIRE U 124cm™! T
5. Tdcm™! DIRENROIREIR—F 0 VIRETY
7 MEL7: LPt-I S HiGIREI ch b L EZ b5,

— 91—



E5% BEWEOENRE LTIk

Ea'e =0.71 el\/ Pt-l 100K
' E_=1.55eV |
5 ex

08|

0.0

o 12 3 4
EERR (ps)

Fig. 27: Time evolution of transient absorption of
Pt-I for E.,= 1.55eV.
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Fig. 28: CO Oxidation Activity

He, W/F Z2f#EE 0.15-0.2g s/N cm ™2 & L 7.
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Fig. 29: HC Oxidation Activity
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Fig. 30: Catalytic activity for NO+-CO Reaction
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Fig. 31: Catalytic activity for NO+HC Reaction
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Fig. 32: Catalytic Activity of LagsRus 0013 for
Methane Oxidation: (H) LR-1, 15sccm; (O)- LR-1,
130sccm; (7)- LR-5, 130scem; (X)- LR-5, 15scem

HE LY PR hoUEIBO LN, T NITERE
OMEICHZ DAL TH 5. FEHRIEEE, 30
BUR 31 IZ/RT & 912 CO+NO & HCHNO 7 AL
ML COEMI SN, 55, fiEOHE, 200C DK
BTH NO DS Ny ~D 100% DA FRD b7z, B
B A OB LSS Mars-Von Krevelen (MVK)
BETHBE SN 12, FRERTTAH A b CiEfli%k
DEVIZLLEREITD LN P272DT, VT=
LROTAHA MNIEE LEELR KRB E OB
FCET 3R TH L E V2 5.

A OBALICET S LagsRu4.0013 O T i
NRUT A A MOV T =77 ABEE I W ER LAl
HERL, BEEHEATIRNEREEZRHOOT, &’
B IAVF-OBEPOBEELYWETHAL XY VI
MLT, Z0OBALRICICEY 5 llfiE M 2 JRHE R
LR-1 &HESE LR-5 ICOWTHRL. 2B, 2o
BNy = ABEOBREEETHNET S HNTERK
AN B32WTRT LI, 2D COy & HO
NOIEIRRDEILIER IR 22 B TIE, LR-5 2% b
BWIERERL, 50%IRIRIRE Tso 12460 °C TH o7z,
K33 IR LHIC, REEDY OERHEITT S
&, FEMEFFE LR-1 EEHEEFREVIEIEEWE
WERRLZ, 2O LITEHRELHL, T/, FEH
FRBOEEY A MEIERICERA S TS Z E 2R
LTwa, —J, 80 LR-5 (33EHEFFAA LR-1 ©
5L oK mEBE o L 2R TS L, HiFR

=
o
£
3
£
£
B
=l
8
Q
&
w
0
200 400 600 800
T/°C
Fig. 33: Catalytic activity of LagsRus013 for

methane oxidation per unit surface area () LR-1,
15scem; (O)- LR-1, 130sccm; (7)- LR-5, 130scem;
(X)- LR-5, 15scem)
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Fig. 34: mmols of methane converted on per unit
mass of LagsRuy.0013 catalyst () LR-1, 15sccm;
(O)- LR-1, 130scem; (7)- LR-5, 130scem; (X)- LR-5,
15scem
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laser pulses.
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Fig. 36: Experimental arrangement for tripler -laser-
induced surface gratings. 1: primary laser (Ti-
sapphire) system, 2: optical delay line for probe
beams, 3: optical delay line for pump beams, 4: sam-
ple, 5: x-y stage, 6: photomultiplier, 7: preamp,
8: lock-in amplifier, 9: computer, 10: time-plate

tripler.
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Fig. 37: TRG signal (o) of RuO. films of 150nm
thickness, and fitting date (line) calculated using eq.
5.7.2
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FyrENENLZ EIIRD. BIL, BROEEEZZ
R WEEA OBIEEZ KDL RS,

S/S' = exp{—8ra(1/A;® — 1/A?)t} (11)
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% RuOy ORI 2.4um 1 KD/, X (10) 506
WIEA/NEVGE, BEGTOMET Ty MIER
s, BlL, BEEEEAEICHEA, —KTETNE
ZRICETVE—ET S, A4 YFEA RuO: ETIEH
FHADEGRE K2 I EAFHRL-DT, RELERD
WBEERTHZ LR CEHRRILTERZ KDL L8
T&E72. BONZBIFERIREARED 3.8mm?/s
25 04mm? /s B L L7z, % B, AEOBEROF
#Hix, MgO FARFE Tl 5300-5400m /s, SiC EefaE
Tl 4100-4450m /s DEE R L72. MEOEDOER
SEERDER RuO, & DEFMIZ X 5TH létﬁ%
5. X, 3B 100SiC700 (2 Ar R EA L7724, B#
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Fig. 38:
A=2.237pum
signal to lower signal.

TRG signals of RuO. films (upper:
lower: A=3.533um) and ratio of upper

13 5800m/s IC¥EML 7=, E&EZE 2n/A) - E (AL
T7uy M LzBARrS, 3EEOSHEERIER S
nrz-.

BERR - FERABA ORI ELER

SiC KU TiOs EMRIZOWT N Y FE¥E vy LU ED
EE R L TERERLT 5 2 & 2B R 5
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267nm % VT, A3.533um O TEIEE AN
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X 38 8L UM 39 II/RY. /oHNh/ TRG EF (K
39 TE) KELT, R 10) 3AnTF—s#EHHEATIE+
74y bLEhole, KES ORI AL F—id
BRI AINT-FRINDLT L EEELT,
BEDF— NV EELEET BT LR, SR8
L EAE SiC AR D BT OB S1 & S21C
BI LT 520 & 200mm?/s 232 LENEL L. FIED
i3 SiICRER DA EROBRAEL EZ DN LEES
DOEILEE 240mm? /s L Y ENLICKEREER L.
F72, THULDBEERE, BEEF-TEIC, T/,
BB G BR R b BUBICARTE L7z, AT Si EEAICEI L
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Fig. 39: Reflecting and TRG signals of SiC substrates
S1 and S2. Both signals were measured under grating
conformation.
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