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Study on ZnO-based compounds [ZnO-M,O,]

Abstract

This document is the report on activity of the electroceramic research group whih continued to exist
from April 1, 1998 to March 31, 2003. During this term the several basic researches have been conduced on the
“Zn0O-based compounds [ZnO-MxOy]” and related compounds in expectation of their potential applications such
as varistor, SAW device, phosphor materials, transparent electrode, photocatalyst, and so on.  All the interesting
research have been descrivbed in chapter 2 to 4.

The study of the synthesis of ZnO-based compounds (Chapter 2) be classified into powder preparation
of zinc oxide, phase relation with zinc oxide, single crystal growth of zinc oxide, thin film deposition with MBE,
PLD and MOCVD, patterning of zinc oxide, composite particles with a “core-shell” structure, crystallization with
ion beam. Some positive results have been achieved within the period, e.g. high-crystalline thin films, direct
sub-micron patterning from aqueous solutions, etc.

In the study of diffusion and defect structure of oxide ceramics and thin films (Chapter 3), we have
focused on the issue of oxygen defect structure. There are some peroxide ions in zinc oxide ceramics, because
the mechanism of oxygen ions diffused with an interstitialcy mechanism. Metastable oxygen defects played a
significant role in oxide thin films.

As for physical properties, electric and optical have been mainly carried out. The measurements of the
Hall coefficients revealed that the origin of donor is metastable oxygen vacancy in zinc oxide thin films made
with a RF-sputtering method. Although the concentration of metstable defect decreased afier annealing in
oxidizing atmosphere, a part of them were remaining in thin films. The varistor action under the low voltage is
needed. To respond to this need we tired to use zinc oxide bicrystals. Controlling the composition and
grainboundary structure, we got the single boundary varistor with 30 of o« value, i.e. a nonlinear coefficient for V-1
characteristics. Zinc oxide is very useful for phousphor We founda new method to control the UV-emission
intensities in zinc oxide, using the pulse plasma. Furthermore white lightemitting zinc oxide was discovered

with a co-doping method.
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Table 1 Summary of ZnO synthesis
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Method Precursor Synthesized conditions BET*/m’ g’ Particle morphology” (size)
AP 0.01M Zn(NO;), +0.10 M TEA 731403 SP (3.5+£0.28 um)
0.0l MTEA Aging at 363 K for 3.0 h 93403 EA (3.0£0.22 um)
0.02 M HMT Dryingat373 K for48h 12.1£0.7 RP (0.8£0.07 X 0.24+0.05um)
0.03 M NH,0H 32 02 NA (5.51+0.35 um)
OZH 0.05 M Zn[OC(CHs);], At 298 K at Ar 40.34+1.7 SC (0.14£0.03 um)
SP 0.05M Zn(CH;COO0), 873 ~1273 K 28.7+0.9 IP (0.9% 0.09um)

* As-synthesized samples; " SP: Spherical Particle;

SC: Single Crystallite particle; IP: Irregular Particle.

EA: Ellipsoidal Aggregate;

RP: Rod-like Particle; NA: Needle Aggregate;



Fig. 1. SEM images of calcined ZnO powders: (a)
SP-1073; (b) EA-873; (c) RP-873; (d) NA-873; (€)
SC-1073; (f) IP-1073. The numbers represent the

calcination temperature except IP-1073, in which the

number refers to pyrolysis temperature.
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calcination temperatures for ZnO powders
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2.3.2 In,0,-Ti0,~Fe,0, & 1100°C A A
Iny0,-Ti0,~Fe,05 2D 1100°CIZRA T % FR A7 X
% Fig.2.3.2. 1 [TR LY,

Iﬂ03

Fe203 Fe2TiOs TiO.

50 (motef)
Fig.2.3.2 The phase relation in the system In,0;-Ti0,-Fe,Oj5 at
1350°C (symbols @ denotes that a single phase exists, O
denotes that two phase coexist, and A denotes that three

phases coexist. Solid line denotes solid solution..

1100°CIT AT 2 A8 A X DRI

TR R D 1n05-Ti0, 41T In,Ti0 MFFEE L,
Ti0,-Fe,05 RITIE MeTi 0 (B 7 /v 1 A 1)
MEET D, Fe,0,-In0, RIZIE. 2 KO DILE
Mniieuw,

ZERaoEHmE LT, In0y:Fe0,=1:1(in
mole) & In,0,:Ti0,=1:2(in mole) & ZFE5ME LD
InTi,Fe,0,5 735 InyTiFe0,, £ TCOMICEH (LAY
(X1 4H) OEEEBEFEET D,

2.3.3 AW In,Ti,A0,, & IngTigB0,

HiEl Tl ~<7= In,0,-Ti0,~Mg0 RICTFET B H
{L&% (X1 #8) In,Ti,Fe0;, ~~afsa>4 4 Mg(II)
% Mn, Co, Ni, Cu, Zn {2 Z #2 2 72L& IngTiA0,,
EEM LT, (bEMOHETOMES Fig.2.3.3
IR L7,

.0

\

InTAO®,

05 A203=1:1¢5.

In2TiOs

- ~%}ZOK:T102:1:2

A203 A2TiOs TiO:.

0 motesty

Fig.2.3.3.1 The phase relation in the system In,O3-TiO;-A,0;
at 1350°C (symbols @ denotes that a single phase exists.)

Iny0,-Ti0,Fe05 R ICHFE T 2 b &4 (X1
F8 ) IngTigFe0, O — #8 @ A A > Fe(IIl) %
Al, Cr,Mn, Ga IZB &M X 72 {LEW IneTigB0, A
LT, (kAW OMECONE% Fig.2.3.3.2

WoRLE Y,
In.0;

)m\lmTiOs

\
AN

/N
TN
InTiBOR, ,BD\InzOs:TiOzzlzz

Lo , : N

BO ez TiO2:BO=1:3 TiO.

Fig.2.3.3.2 The phase relation in the system In,03-Ti0,-BO at
1350°C (symbols @ denotes that a single phase exists.)
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2.3.4 RE 1 HAMLEW O E

RE T HZEAY InFe0; (Zn0)m(m: B 8R%) 1.
ANENMALEWE In(IID) 8 A -7 In0, & & LEML
L & 12 Fe(IID) & Zn(I1) A A - 7= MO /&
(M=(Fe, Zn)) & @ 2 FEEDEH ¢ Wi MICER -
TREEE LTW5 Y,

LuFe0, (Zn0)m(m=1, 4, 5, 6) > BL#E & 4% & g A1
FERICE D &, HEMIALEE Fe(IID & Zn(1D)
BA-T MO BOWOD Fe(111) & Zn(11) & DELE
125 VA>T 5H8 Fig. 2.3.4.1¢& Fig.
2.3.4.2 12 w=l &4 DFEDO110)Fm»nd R
X%~ LT,

0(C)

OA)YM(C)

O(Cy M(A)

O(A)

Lu(C)
O(B)

O(C) M(B)
O(B)M(C)

0(C)

OA)
O(B) M(A)

O(A) M(B)

O(B)

Fig. 2.3.4.1 Crystal structure of LuFeO3(ZnO) projected 110

direction. A, B and C denotes a site in triangular lattice.

BIHEBEORMEBICELD L, mER T RLAE
¥y InFe0;(Zn0), (m: B A% OFERE % [110] FM &
WHBE, REMALEIC In(IID) B A -7 In0,
J& & HBENIALEIZ Fe(IID) & Zn(ID) A3 A-7= MO
BD=a b7 A MM, MO BRICZ=AEOR
LW ary b A RBRSholz, ZO=
A2 PTANT, SWEFBEMEICLY
Fe(IID A A B XD =ARWHIRICEE > T 3B
TEIZEVAETLTHWAZ ENHBALTNS D,

ZO=ZAFEEIKDO L FTR IR, A A
BERZAEREBETZZLIZED DL
BT B M DWW TR,

RO FREBET DL EEAREEELRT
BWERNMIRLNDZ b, FOLIREKR
TLZEREIRE & BB AN DOV TR,

O©)

O(A) M(C)
O(C) M(A)
O(A) M(C)
O(C) M(A)
O(A) M(C)

0(C)

O(B)

O(A) M(B)
O(B) M(A)
O(A) M(B)
O(B) M(A)
O(A) M(B)

O(B)

Fig. 2.3.4.2 Crystal structure of LuFeO3(Zn0),



2.3.5 EHRBERHOWEA A ARFME

HENLALELS Fe(I1T) & Zn(ID DS A -7 MO &
O A 4D 5B, Fe(lll) & Al, Ga, In,
(Ing sFeqs), (IngsGags) & & & # % 7=k & W
InAl10,(Zn0) 3, InGa0, (Zn0) |5, 1n,0,(Zn0) |5,
In, sFep s05(Zn0) 13,  Iny sGag 505 (Zn0) 3, DELEEZ AT
WEARBEDHE - —AKOFE - ZAKOMH
N DWW THRA~TZ,

InAl0;(Zn0) 3 DHBE., ZHEBBbN72h -
oo FOMOBETEFTBEL =ARMHBHS
., 0=/ 0B 8 IE InFe0,(Zn0),,
In, sFey 505 (Zn0) 5, In,0,(Zn0),; DNEIZ/E L 72
oy DEY MO BOHERA A DIFHA A 3
BPRELL DB ERBBNEL 20Tz, Fig.
2.3.5 ICEDAF U v, LA T & DORBRE
ALY,

B#T/nm
n w o ~ fe ] el
P

0050 0035 0060 0065 0070 0075
47I‘J¥1§rm/nm

Fig. 2.3.5.1 The relation triangular wave period T and ionic

radius of M ion in (Zn,M)O layer of InMO3(Zn0),;

2.3.6 ZSFAAEEE B OBEUR I

“AEOBE LD M0 BOMHERK A 4 OFEE%E
ESETICKREELHP LZGAOEFEH T
WIZOWTHIN, ZoB4E. (BEY In0,(Zn0),
WZEWT m 2T L1225, m EEFEYT
OBFRER 7.4 (2R L, ZTOROEBKE, =
AEOEE o« FMESB) T n ITEORNVI &%
ARLTWB, m=99 DFED In0, (Zn0)y DHE
WWHRCEENBERIN-Z 0L, AR
ERHERTDOIAA L > TCEOERBYI BRE
T 5 LR END 8%),

EREEOEMBLRETHOIC, &
EREHLLYRFBEBE L, TO/RKR.
HBHKEZ(200nm BBE) D KAL b2 b b0

MH-OTEDRALLURNT 1 FHANZERNB A
TWAZEPNHBALE, LR TZOE&EIT 4
WRIAEDZEMBETHRBETELE L, TORAA
YORE SHEAEY In0,(Zn0), DHEA m BKE
SRBILER-> TREL RAERMBR LN,

[+

T T T T
LU

in-0 layer

Zn/M-0 layer °
L 1n-0 layer

o °

o

JE¥AT/nm
D

L)

[N}
T

=

1. A L 1
S.0 10.0 15.0 200
minin 0_(Zn0)
2°3 L3

[=3
=S

Fig. 2.3.5.2 The relation triangular wave period T and number

of (Zn,M)O0 layer in InMO3(ZnO),,

2.3. T HFEHGIE 7 11 /5 L APPLEMAN D2 B

BHEBLOETFERHER 0 7 7 A
APPLEMAN 1%, X#EFRBEOE —2 —FF —
D2 OEEHES NI TOKRTER LB
DHE/NTR O EICLVBEERETEREFHE
T D, 7RI T LABPERENTZARENDL,
AD T — 2B PRE 2 220 7= DI BHRE 0
RICBET —FBRRRINRY, ZOZHFHEAE
B =9 —FFT —FOMF %R 42 DETEH
fFLTWT, BFEHR - BT otk uy
TIEME R BEDS ML E Ch - T,

F—EREE 12O T 7 AN T—FEIITR D
FOOFE—HELTHERT %7 74 VI
EF—ZZBML, DO ERERICHE L
BMEOHFBILUOEBHEROT 4774 V%
HEVERTHE I arSar@BLE, &
NICE VS ETHE LREECKRFERDEIES
TV D DFRHT L CU 72 R 3 2 40 8 E L S &
NBHEHBELTNWD, eI T A0HBFICE
DT TN T R REICEE LT,

NITOEE THETOTRTTLIIEBNT
ANT—FAE2 0 /P WVVELLREAINRT
WRWT—ZE AN LCEHET A LT -4
—ZRoTLEVHERETH 72, ZORHE
i%. SUBROUTINE RDHKL @ d fEA KX WEIC/ST



NV = NTBESDAY v U T DS DOE
BEEZTCTEASNDLOXDOMENEL L 2N
7O THD EHA L,
& D7 17 F 5 (SUBROUTINE RDHKL D —#E47)
SWT =SW (J)
SW ()= SW (J+1)
SW (J+1)=SWT
DO 75 K=1,3
HG(J,K)=HG(J+1,K)
75 HG(+1,K)=H(K)
H(L)=HG(IGP,L)
80 CONTINUE
DTITEHOEREPEEL, ZOXHMN D0 75 DR
WL BHERHD, ELLIE, LFOLIK
R D,
{EIE 7" 11 7°F 2 (SUBROUTINE RDHKL @>—F[343)
SWT =SW (J)
SW (J)=SW (J+1)
SW (J+1)=SWT
DO 75K=1,3
H(K)=HG(J,K)
HG(J,K)=HG(J+1,K)
75 HG(+1,K)=H(K)
80 CONTINUE
HLLIET T TLADA LTI U RERGBCT S
Wi, LFOL I LEFR IO T L—F R
OO LD E —E LAl FetEnm B3 2,
SWT =SW (J)
SW ()= SW (J+1)
SW (J+1)=SWT
H(1)=HG(J,1)
H(2)=HG(J,2)
H(3)=HG(J,3)
HG(J,1) = HG(J+1,1)
HG(J,2) = HG(J+1,2)
HG(J,3) = HG(J+1,3)
HG(J+1,1) =H(1)
HG(J+1,2) =H(2)
HG(J+1,3) =H(3)
80 CONTINUE
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2. 4 BMLEMBEREHOER

2. 4. 1 HESERICET SBEOH%R

HEHITMVWATEZ b OSR THH D, Bk
FH(ZnO)DEAERBRIBVTIL, Zn0 BiF%:
BIECTHEMLUICRICHAL TEILEED, L)

BEREREREEZAATIZLBE LY, £01D,

—#iiE, fEESEESE D, 75 v 7 RE D,
KEENZ L > TERENTE T,
{LESBEBEEIL, Zn0 2BIET CExtbo N
A EB LR L LT Zn0 2 ERICEE TSR
REICEE LT, fTH - BRI EHHETH
B, BIZIE, KB AZEFX VT —HRELTH
ALESITH D Zn0 R I ThE L, ¥z,
BRAEAICBO TR IORIGEZYITSE, 12X
-T, ZnO #EFrHE®3,

ZnO+H2— Zn+ H20 (FE%¥)(2.4.1)

Zn+H20—-7ZnO+H2 (i) (24.2)

TDOFETIT, RO Zn0 BEEEDNE LN LD
WEFANRZ, BRTIMOFEICERT, &8
FTEREMBAT D AEEMIMEV D, HBA & s
DEFEEPBONDEEEENE V., LL, 0

BRMENZ L, BEREOHBARETHLZ L

ZOMENRE I3,

75 v 7 AKX, Zn0 % SR IERT B Rk
W2 Zn0 2R ST, ZOMKROBREL T 52 L
TZn0 2 BHTH I ¥ B HETH D, Biksh. Bk
AV U LEORRRERLEYRFIAINS, B
WOBERLEREMHIZL > T, BONLEERD
FRIZERBR NS, £z, B EFIATS
FHETi, MIEICREAREZMT B HE N ko
TREEFEREZERLE-BEALRONS,

KEEIX, BB - BIEICEELZAKERIFATS
LT In0 BiERERLIFHETH D, KBGEIT
KBOFEREBREEE L TRLALNEFETH
5. ZnO DKBAERIZHT-» Tid, —&%iz. BB
BEKFOHESOIBEEZED D7D, VFv
LAV T LR EOEMY B R L i B KK
LCHMNT %, ZOkd, KEERPOZNEH DR
MGBFEREFICRVAENDZ L -T, B

ENTRRIPOBA A UHMERERDRS LW
ARBBHD, LML, —BICTHRE4LD ZnO B
FEEIZBWV T, ZOKBERETE LGRS
DEIEDBE,

2. 4. 2 FELHIFINSER

ZnO HEiEROBRBIRME. LRI E
T2, EMICHNLON TV, H XX, Hagemark
5 N, ZnO BiEROBEBFRBEBEIZ OV THR—
NI L - THEHMICRFT L, Rilodl. 72
JUBEREDF v ) 7T —HBEBEBIZ OV TR
HFELTWE, ZHHDWEICL D L, ZnO Bfid
Tid. BRTHE cm’'V! W) BFBEIENE
Baf, £/, INEEEBRIZTHZ T, EFF
BIEE 1T T e’V ICET B E R T
5, BHEES L L TO Zn0 BEDOKAIZB T
i, RS OREFTHE LN Zn0 BiEOE T
LR, BECLSIETHRE TE I, BEE
RBE L2 TND, 7B, ZnO EIEDE 7%
BfEIZ STk, AREEE 25 8, 2.6 8. RO,
4.4 EIZB WM A TR T 5,

T, BEAEEIZOWTIT, Blo, FORE
FRIEFEICOVWTOERRBREI RS TWY
%, B2, RETOEXLBEIZL>T, ZnO D
Ry RERREFEITHOW TR RE Y282 &h, £
Too ZOREFRIEEBEHRL, Zn0 BfFE&N L
EHRANELND Z L DRREN TV S,

HEIZRY, BT Y 7 A(GaN)YRBEIF A A
— FOEBRICL > T, BEREBNERF~OEBN
£FE-oTHY., Zn0 b, FMEEFNFFOREEM
£ LTHEE IR TV, ZnO OB FELIT.GaN
LT EREBD GREVEZFF2, Z D7, Zn0
HfEaiE, BAE, GaN REEOEMRK L LT
KA SR TWA T A FERICHE N TR TE
BHEOBNERMEIE LTEEEIR TS, &5
2, ZnO BEBH . FBRAETFT NA XL LTKA
WISHABRHFIRTWS, ZHhET, ZnO Bt
X, BECTHY ., HRERD RN L, BB
MERAB—EBOThHo=, L2L, SBTOFE
DR LT FIREENRH D EEZ LN TS,

2. 4. 3 AEETORYEH»
ABECIE. KBIL T2 o0 BN S Zn0 B



mOBREEM Lz, 9. ERME0FEED -
DO Zn0 BERBMNETHDHZ b, Bz, i
TIBREE, 3 DM, FEGMEZE HIE L7z ZnO B
mOBRERER L, S, 42 SICBWTER
DI, ZnO BERERALIZAAL 7Y R

SNVRTHEOBNT, EEROBFRE EM L,

HEGOBRFELE LT, 75 v 7 Rk, BX
O, {LESHEEEEZRIR L, i, 02
RENNY R ERFORFBIZHAVD ZnO BiES
Wik, BREGBLREHRMTHAMLERDD, £D
e, 77 v 7 AEL, BBSRBEM ZnO B
BROT-OIHIA Uiz, —F . (LKA,
EMED ZnO HfEmE BT 272 DICEM LTz,

2. 4. 4 7597 AEILBZER

BEICHE SN T\ 3D ZnO/PbF, R 2 TTIRIEX
(Fig. 24.D)22 8T, B/ T, ZnO/PbF, A5 8/92
DRI REZRE - Z LA BEShTWS, %
72 PbF2. ZnO & HIZ BRLLTVHE TH D,
INbDZLEERL, APFETIE, HALHEK
& LT, E/VHIZEUT ZnO/PbF,=20/80 & 725 &
IR ERE Lz, £z, i X 3tE0
Pl BFT 2720, BEPIZTA I, #, aA
Wb, 2 A EORMEMZ T, £ DB,
HEhZ# BT DHLEZOND TR X IR LT,
(Zn,X)O/ PbF,=20/80 & L CTHEEIZFBL L 7=,
BFRACIE, NS25 A XD ALHEE F., H
iz, BE&RMOEFEZORBZ LT, BEOREAYL
BHIE U7z, BRt&2i- Li-a&ttgd 73 5l
DFLE LA TR ERFICREBL, 72, F
Y, R OXRMEAEREZ IR T 5 BT, IF
DEMNIZIZ B 200 cm™ OFEE N A ZEA LTz,

AW D HAA R ¥

1000 /
O Liq.
< 850
g Lig. + ZnO
2

730
PbFz 10 20 30
Zn0 mol%

Fig. 2.4.1 Pseudo-binary phase diagram in the
PbF2-ZnO system.

~—_~__ Step pattern
Top view @\
o Platy crystal

ﬂ%dle crystal

Cross
sectional

! f
view

Fig. 2.4.2 Schematic drawing of the crucible for the flux

growth and grown crystals after slow cooling.

Fig. 2.4.3 Photograph of the crucible after crystal growth.
The size of the crucible was 25 cc of JIS

standard.

R ORFHRE L, REBRZSE121150°C L L,
1~ 3R LIZ&IC, BFF 5~10°CORIRE
ETEERMEETHREL TS ETH I EE,
Fig. 2.4.2 I[ZB A% OHIB O T OMIKEE % 7R
T, B LT ZnO BEFESIL, HEZEICL-> T, B
L7z PbF, 77 v 7 2D EEIZBWTEIR &
Teo BRENTZAERDOIMBIZSAFORRTH Y,
WA, BRFMET 20~25mm, EXHHT
0.3~0.8mm D KX X ThoTr, BROEEZ% Fig.
243 IZRT, 77 v 7 REFEROFEMIT, TR
8~10 ZBR I iz,

2. 4. 5 (LFEKHE@WXEEICLDIER
{LFERAREEE TIIARR - Wtz I TR L
TT NIV KRRIRET ARV, BEBL -
TeODHAE LTHBETAZ VW, ABETIE,
BB & ORE AT B IR B (1000-1350°C), 7
NI VIKBREEHTADRE EHRE, S 6I, B
RBHADHREDFHFEIZ OV TR LT,

DN REREERT DO DEBBROK
B #1To 7z, Fig. 2.4.4 \ZARZE TR L2{LZER



l Temp. Controler l
| MFC1 | [ MFC2 |

Tay=1400°C

(as line

Cryst. (<0x Gas
o o B
Z0tH20 = —— Red. Gas

Zn0+H2 Zn.{.—HzO

Fig. 2.4.4 Scheme of the chemical vapor transport
growth apparatus.

HHEBEEIC L D ZnO B S B RUF OIS X % =
T ZEDFAT AV ba—~F—RKLeTE
FTEED H A & BRALHED T R DB % P ST i 5
L. 222, ZOHAMREEILSEDZ LT, F
NOBRRSEICEBZ T, Zhick > TERSE
HORBELERAEE RTINS, &b, B
ENMEBBENESAEMLIHBET ST 2T
LEEATND, Eo. EEOEE TIX, KER
SERBEIZ K- T, EORIER 2.4.1 & 242 Offf
AT D & HIET 2 b L7z,

LROEBE AV TEREGOKBELEZED
el Z A, ZnO Digsa s LTHHT 2IBE - T2
REZEIEBD TR EXbhotz, Thbb,
D THRWVBERKE TORERBEENEZY, &
BRAITIIRIGR 2.4.1 PESETHY | BEED ZnO
BT 5 Z &idde<l, i, KBERAITRERAT X
NE—DRRBIZE - T, EREENRERINT,
BMREK, BRROBEROAPBE LN,

Fig. 2.4.5 IZAHFETH LN Zn0 ROEE
BT, ZIZTH, BICERRERE TS LE
LIZHR &8 72 ZnO RO T 27, BHARR
JERED bNTFEHET, T7205, Fig. 244 THE
AT, HDVIE, BREOEODOTADWHE
ZWO L, MFOATHMBBENT S L 5 skt
ERBETHILT, BELERENER L, *
7o, ZnO BEESEEREZFA LT, FE XXV
YNUREERATZEZA, L VFERAEOEV ZnO
HESNPELNT,

Fig. 2.4.5 Crystal grown by chemical vapor transport method
without seed crystal.

2. 4. 6 MBERLESHBOFPE

IO REFES, —R—EEZA L. RENRE
ERBROBRIEN RO TV, FED R
DHIIERMBETHIN, =4 72E L., Hé
HETIX, KBUE, 79 v 7 RENRESD, IDE
B OREGEREFEORBIZMIT B NINLE
Th D,
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2. 5 PLD-MBEEIZLABLEHIEIE
W £ OBhE(LE D Ak

Zn0 HEOERITE <. ZOEERFMHEF A
L 7= 3= i HME IR (SAW : surface acoustic wave) 7
LEB 1970 FREHENLT L E, VIR OB
FRIBEVIF) 7 a2 & LTHIBAER TS 1),
VIF 742 LTHWLNTWD ZnO HET.,
HT AR EIZ ARy ZIETRAE S LT ¢ BhBd
ETHAH., ZnO HENERELTEEEEL LT,
HEROBIALM THD Z LB DY— /i
BERER X2 b F, RIMART T AR E
WA cHBEREEZ BN Z LR ERETLH
N5, SAW 7 4 L& & L TOERICIE, FEED
L) emmEHITER I N o T,

F. F—s0 FELTALZRNLZ ZnO #
BT EAEEEEH L, RAFTHEDZETH
B Einh, 1980 ERIZA > GEREER L LT
DIEHAPRBEI END X D272 2). BRAEER
ELTTEMIIRLEAEEIN TS Sn B
MENTZ InOs(ITOYDF D Th D I idHm V&R
THhYEMTHDHN. Zn 1TERE L CHERICESE
TEMTHDLENSFEBH D, Fio, 1TO I
AT ZInO WEHE A BT AL . TV AF v
WEEERCE D2 L b KBEUMA OFEHEME
ELTHHR SN TS 3).

1990 EMROBTIC 25 & ZnO EBEOH 7= 7208
RGN BE AN 72 > TE o, Zn0 1T EEEBS O
EEART, HETHEEGZALF—BEIRTH
60meV & REWZ b, BRI ENFEIETF
~OISHABPE SN, FOOOHEBE IR X
NA Lo, BEETIZ, L—F—hitic
X BT/ #Eh Zn0 EEESNS L —H—R04), p Bl
EEM A RTHBREER{LY SrCu,0, & OD~T 1
BRI L DA S A 4 — FUV-LED) D {EHS
SR EDORENRINTVWS,

F 7 RPUERAHIEERE/ 2 LD Zn0
T N7 o DA F(TETO/ZE 7)e b an
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Table 2.5.1 Electric properties of ZnO films grown in

various atmosphere.

Atmosphere Carriar type Carrer mobility Rasistivity
concentration ier  ter'V et (Qem)

O# n 1 THE+T 965 37701

0. n §.36E+17 46.5 2I1E-O1

ND, n 242EH17 80.6 3.20E-D1
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Fig. 1. Photo and illustration of a new CVD system for ZnO
thin film deposition.
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Fig. 2. XRD patterns of ZnO thin films deposited at different

substrate temperature. The thickness of these films is 800nm.
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Fig. 4. AFM images of ZnO thin film.
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Fig. 4. transmittance spectra of ZnO thin films.
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2. 7. 2 oAb T =T LE B EER
HriEC ORI DY —=2 7 >0

Si(100)#:#k % Phenyltrichlorosilane (PTCS)® h
N ERIE (1 vol%) 125 min BT 2 &Izl
i B ORI EIEZ R S 7o, PTCS @ Si-C fi&
AL, UV K (193 nm) PREHZ K-> THIA Z &8
TE, FEKPOKSERIGLTOH &EIZEZ D
TENTED, TITERECT 4+ bR &N
LT UV BRTAZZLICLY BOMEBLEL
phenyl/OH EEiZ/3% — Ak L7z, ¥KIZ ZnCl, (0.05
M). NH,F (0.45-0.9 M), AgNO;(5x107° M) DIEH
KREEHIZ NaOH KB M)ZMZ T, pH %
6.5-8.5 ICFHEE L, HiRZE L= "0, RSITEIR,
BUSHERNE 1 min-3h & L7,

NH,F 2372 WG E 214 E D ZnsCly(OH)g H,0 %
ENIETENT 7 A Zn(OH), 73 pH>6.6 TILEX L
72, Table 1 |Z1% pH=7.0-8.5 DA TV T NH,F
BEOWNH~DEEBIZHONTE & HI-, NHF O
FEMMEL T pH BREWGAIZILEM R A Ui,
NHF DR E DD U < pH MEVW G A I X EHCIRYT
HHIEZ o7, NHF OEBEN LY HWIESICIT
BITEZ 57, BiRE v —h—DBEIZHTIH LT
P Thotm, XRD ICL YV 2 HDEWIT
ZnF(OH) & [FE L7z, 0.9 M NH,F, pH=8.5 D5t

NH,F; 0.45 M NH4F; 0.675 M NH,F; 0.9 M
solution substrate solution substrate solution substrate
pH=7 Precipitation Deposition Transparent Deposition Transparent Deposition
(ZnF(OH)) (very slow) (ZnF(OH)) (very slow)
pH=7.5 Precipitation No deposition Precipitation Deposition Transparent Deposition
(ZnF(OH)) (ZnF(OH)) (very slow) (ZnF(OH))
pH=8 Precipitation No deposition Precipitation Deposition Transparent Deposition
(ZnF(OH)) (ZnF(OH)) (very slow) (ZnF(OHY))
pH=8.5 Precipitation No deposition Precipitation No deposition Transparent No deposition
(unknown) (ZnF(OH))
Table 1. Effect of NH,F and pH on precipitation in solution and deposition on substrate.
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_Fig. 1 SEM photographs of the as-deposited ZnF(OH) on the
OH-surface (right) and the phenyl-surface (left) at pH=7.5 for
the reaction time of (a) 5, (b) 15, (c) 60 and (d) 180 min

Fig. 2 Micropatterning of
ZnF(OH) prepared at pH=7.7
for the reaction time of 5 min.
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Fig. 3 Time dependence of the number density of
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Fig. 4 Time dependence of the average particle diameter
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Fig. 5 Effect of pH on the number density of ZnF(OH)
particles; the reaction time of 15 min.

10

o OH

A
é /\ Phenyl
i

S S—

-

Diameter (um)

4

.
7 7.5 8 85
oH
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W N OBEMEIANE TIX pH 23~6.5-11 TkKfEE
L OikE% £ 5,

Zn*” +20H" 2 Zn(OH), | (i)

F7-, Zn”' 1T OH L8R b1 5,
Zn** +n(OH) 2 Zn(OH)," (ii)
T o A A FREETD L. 2t A
NI F LSBT B,

o
~—

Zn*'+F 2 ZnF' (iii)
S HIZ ZnF & OH MRS LT, 7 v bkt »
w5,

ZnF*+OH =2 ZnF(OH) | (iv)

F7-. pH BEWVEBAITIE, Zn® A A 13 NH; &
BEEZED,

Zn* +n(NH;) 2 Zn(NH3),”" V)
ZZTnid 14T, £/2, NH; I NH, & OH™ &
D A=

NHs +OH 2 NH; (vi)
R B

LI AT, ERICHWEKBRIZBER -
A A URENE, FlZE 0.9 M NH4F, 0.05 M
ZnCl, DFERTIEI~1 TH D, D=9, Lo
CEFEDOEEEREELIRDD ZENTE
RN, EZT, ZOERRD LD RREEKR T TR
DI RETER A 1D BET, FhzfEn,
EMERTIEH D08, HEROKEIRF COKELFH
B4 5T LT L7=(Table 2).

ll

reaction number stability constant

i (n=1) K= [Zn(OH')]/[Zn’ JJoH =10

iii K=[ZnF1/[Zn ][F] 10"

v (n=1) K., =[Zn(NH,)*'}/[Zn ][NH3] 10
(n=2) Ko=[Zn(NH,),’ *[Zn” I NH,)=10"""
(n=3) Ky=[Zn(NH,),’ *Vzn® ][NH]~10"9’
(n=4) K.,=[Zn(NH,),* /[Zn* ][NH,] *=10°*

vi K,=[NH,}/[NH,[OH ]=10""

Table 2  Stability constants for Zn-NH,F system used
for the calculation of the state of zinc.

I ZTOFHBEIZRBWTIE, NaOH KIFEZ M2
=5 DREEE b D E LT, £/, n22 T
®D OH & DEFERIL, pH BEIEEEL 2V
(8HEWH Z ETEM L, /. FOHF D
s pH MENIFERLS 2NE6.5D THEG L
Too Elo, BEORELLZVH L0, EFRMIZI
ZnCl O V12 Zn(NOs), 2 WV T H RN ED
LMo ToDT, ZOREGER LI,
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Fig. 8(a)iZ. pH=7.5 DKEEHE - T OISR
DOHEERA A YR D NHF ERIFEIC OV TOR
BEEE AR L, NHF 80382 5 & (Zo™))
T U ROBEIXE A7, [ZnF i NHF £
~04M FETITHEZ N, TN ETIHEHBE-T-,
L2 L[Zn® 1L 0 iZ%h o7, [Zn(OH) iE 4 <107
M LT TIEADVETH T, Fig. 8T, LB
BGOSR A A ¥R E O NHF ERFHEIC D)
TOHBEREL AL, NHF~04 M LT T
Zn(OH), MWL L. ZF+LL ETiX ZnF(OH) 2300
B U7z, EEXOBIINHFE Bz B R L, ~
1.8 M UL ETIXILEM T2 < Ip o7z,

ammine complexes

Concentration ()

. N
0 0.5 1 1.5 2
Concentration of HHF () (a)

In@H), ZFOH

St
! precipitate e
0.03} T - ammine
.- compiexes

Concentration (M)

0.01F LT

e
K 0.5 1 15 2
Concentration of KHF ()

(b)

Fig. 8 Calculated NH4F content dependence of the
concentrations of zinc species in a Zn-NH4F solution at
pH=7.5, (a) before and (b) after precipitation.

Fig. 9(a)lZ NH4F=0.9 M TO IR FT O #igh
A F U PEED pH IR DWW T OB R AR
L7, pH Z)S‘L%?‘é&lﬁéo T[ZnF iy . 7
IUEEKOWEE IR AT, ZnY OBEIZZ O
NH,F 8 TIiHEWEF Th o7z, Fig 9T, TLEE
BRGSO dEghA A AR D pH (RIFHEIZ DN TO
EHEMEA R LT, 20O NHF 809 M)TiT
Zn(OH), TIi% 72 < T ZnF(OH) k¥ %:)
ZnF(OH) D LB &1L pH~75 THRKXEEZ LY
pH>7.9 Tix72< 72 o7, pH<T.S TOILEEDHE
IE, [OH 272 L2 XD, pH>T7.5 TOMH
DiZ, [OH DMLY &7 2 I RO HEMIC
L% [ZnF DB DMBERRENTZDTH D, Ik
B RS ETIC BT B IR OBFIE S 1T DR &

iﬁ@\

005 M)EFEIT b DHEROE (0.05M ~A T A
T HIETOE) Lol TREND,

Fig. 10 (ZifafnfEs-1 2o Lo, @fafmEx
NH,F 125 T L.0.9 M NH,F Tl pH~7.5
TR ERoT,

/mmine complexes|

Concentration ()

;" emmine

0. odlz0F* i complexes

precipitate ;

Concentration (M)

0.0t In?

e T "
" (b)
Fig. 9 Calculated pH dependence of the concentrations of

zinc species in a Zn-NH4F solution at 0.9 M NH,F, (a)
before and (b) after precipitation.

&

Degree of Supersaturation

L :
0 0.5 1 1.5 2
Concentration of KHF G

(a)

Degree of Supersaturation

65 ; 7‘5 :3 85
oH (b)
Fig. 10 Calculated supersaturation of Zn(OH), or
ZnF(OH) in a Zn-NH,4F solution, for (a) pH=7.5 and (b) 0.9
M NH,F.
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FOH I IR, B SMEVE AT
ﬁit_%&w#@%ﬁgm%wﬁA iﬁm
FCRBEAR (B—4ERK) DEZD, FOR
D I “window” TIE R — A K & 5 HES
B FIRETH 5 (Fig. 8), FEBRTIL0.9 MNHF O
BEDOHFNH045 M NHF OFE LY HIEL
window$E 5 L 52 MR TER, ZOZE LY
NHFERZ W EmfafiEopHE L2/ &
BI=DIZHEH LT W EWD T Enbnd,

— W% AR O K ER L (VAR EE DMK < Ol
fAfnEE % pH 720 THIEIT 2 DiZEE LV, Ll
NHF 25 Z &2 & o TRISGD-(V)DIRL Y 3T
L ZnFOH)DBfAFE ZH4 5 Z L N TE, K
V) — BRI X D EIRA R FIRE L T2 o T2,

Hritidn & BdR & Ol 0% TR — 4

OB I X AuE R — RO DD B R
TR NVF—AG VIR MDD EH B =R

LE—AG % FVTAG=2+cosd)(1-cosd)’ AG/4,
ERIND, ZIZTOIEEFRE coshd (o) o
BHIZT, o (ITHMORE =RV F— onldE
WRORAET RNF — oy 1TEM EHTHB O RE =
FNAF—Th D, AR Boltzman 53R IZHED &
WET D &, FAEBEE dVd (V 1O )
BRI L o TR b= RV ¥ — & X D fk
FILHFITH EERZBND, Lo T dV/drocexp(-
AGJkT) & EVT B, 2 Z Tk 3 Boltzman E.T 1%
HEXHREE T 5, Hrii ORI H 32 affinity o
MEWE O, AG, 1T/ 720 RY—BERIT
B0y, BOBEIIER2ETTH
%, Fig. 3 T/RL7=& H1C OH E ETiois
FEDE, AL ZnF(OH) 1% OH #EREE DN
HHRmE R FXF—DENE WD T EERT,
Phenyl £ E CHHERI N R -7 &b 20T &
BELIT D

BRI TR R ML Z > 72, Fig. 4 TH
fo & DT logd-logr 7'y N TOEEH0.6 ThH o
o liE, RES doe (P O TR EN D
BICL o THEATE L EZ D, ThxbbitiE#ED
AH=ALWCHAREZ EE2FE LTS, 20
Bh . RIS d ORERERE (BRI 13 1/d 125
B4 5, Tihbb/hS VR FIZERE LT,
FTDTORLTITLBA K E SN ZE A>TV
D EBND, F77 phenyl £ ETIFE ERK LT

DIZE PO T RESEELZZELFHBAT
% 5, Phenyl £ Gl OH £ Eizlb~_CHr D
BEENME» -T2, Z0Z X0, FrHthED
A F U REOIET X Phenyl 2 ETOH N2z
EEZ NS, TbBRIKE DO ORE flux
MENE WD ZEThHDH, ZD7% Phenyl £ ET
1% OH & EIZ T ZnF(OHRIF DA X3 K&
{lpolc B ZHND, Fig. 5. 6 TOHEE LI
BLORBRLERICHRIATE 5, 72 ZhIRE#
EHOPIRE A D =X L% XFFT D,

BIpkRed o' \2 & » THEde = & J Y | ZnF(OH)
ﬁ%@ﬁﬁ%@%%%ﬂiﬁmﬁMxM%ﬁtf
- TH OB EN—EIC R > 2% TlErx
MR & SRRnE s B mm¢7oit%%4mﬁm
LG A E COMITEBEEL D ABEIC
FTCORRE LD XD ENTE D, ZhUT
W&%@ﬁ%ﬁﬁ—iuﬁéiﬁwﬁ%&&o
T &y, OHZ & phenyldk | COWEROZ T AT
WEEOZEIGT S EBEZLND, TI-HEE
PSHEIN Lk o B C 0D R R 1A A Rl B L e I
THEEZOND, HBREROFFMEORIZIT
BAEREZAINTE—2KMLIZZ02o507 77
B —F%E A TWND, ZnF(OH)DERYTH 4 BAg L
Lick &, ERORME( (&) SHHET
DEFMOEDRKEVHAG LT EZ R LV &
WA ZEIRA, ZOBEVHRKE WVEREEDOMA
EhEAELTESICBREDE N ASY —=
TIMEFE IS Z EARENT,

2. 7. 3 filila BB {LES O E BT R
H—=r s Tut R
IR TOKEBERS CH{Hsh 2 EHE N —

Wi &85 7 et A(Fig. 1NDEBR L1, e
RED - DI F 22 A b2 EBE(LTE 213
DY T EREeBEIFIcv/ s g —=
TIwE[gE L Tr o,
EFPTEEREZEYWE., 7oA Mo sTg
YO PV CEIRICE L. EAR BT phenyl %2@
M SAM 2T D, IRICT7 4+ h~A 7 &L
UV BRE L TERAAOIZ OH% Wﬁ*ﬁéo:@
R T U0 AEERIZIR Y & phenyl ZAF M
SAM E A D I m%u¥%ﬁaé@é &M
TED PO B O HIZFIESIZ L - T



BRA%E S EEMATHIE Y Ik oz, BRIk
KADLOIZEZ BN TWD,

Zn(NO;), — Zn** + 2NO5” )
(CH3),NHBH; + 2H,0 —

BO, +(CH;,NH+7H +6e”  (2)
NO; + H,0 + 2¢” — NO, +20H" (3)
Zn**+ 20H — Zn(OH), 4)
Zn(OH), — ZnO + H,0 (5)

EREVAF LT I R T (DMAB) & RiE
HEh DIREKEEIRIZIZ T & . DMAB DOEE{LIZ X
STHEUREEFIZL > THEBEA A > DN EEEE A
FUACEITLEIND, ZORRNZE B> T pH 2
EH LU, B bR AT I DN TE D, 2
DS fRIE A 3 U 7= &P 0 2 RETHIC
19578, itz 772 SAM T 7 L— %
EMICHWD & BB & L E OALE IS EIRAT
HEEbZ ENTE 3, MBS, DMAB O
EXZENE40.05M, 0.01M & L, pH i34 7,
IBEEIX 55°C, RSFER#IE 30 min & L7z,

9 o1 on g © ©

Si Si_ Si Si__Si_Si
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Fig. 11 Schematic diagram of selective electroless
deposition of ZnO on PTCS SAM template

Fig. 12 I kRO 7 & 212X v /B L 7281k
fgh X2 —2 D SEM BEEZ7RT, HS A5
SYSHTH L7 B (L HiER T&H ¥ | phenyl E ED AT
i o mWBRENTSINTWD, BERTRE
DL BRI 0.2 um OERLERENRI T & 0 Rk S
NTNWDZENTND, FARICRD & 9 ITHIET
/I 1 pm DT A L8 8 — L ORI L,
IB = DIRGEEITRIE O E SRS L RFED
bivlc, EHICEHER#ELT 52 & TREZ /)
ETNIEY T I/ o @b AEETHD EEX
TW5,

Fig. 13 1213 X MEHTrOFEREZ R LI-A, i
OFEbEEH E LTHH L TWNA Z ENELD 6

o Rev,
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Fig.12 SEM photographs of the patterned ZnO.
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1011 b)
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Fig. 13 X-ray diffraction pattern of (a) ZnO
polycrystalline as-deposited film and (b) the JCPDS Card
data (no. 36-1451).

ET cEIEMICER LTV D Z Enahnalz,

Fig. 14 1213 AFM A A — U %R LTz, K722 (K
02 um) OHFHPHTFEHTHD Z LNGN5D,

Fig. 15121340 pm iR OER{LHRER T 1 /3% —
DEZERERREZ R L, B{LHEhE DR I3
0.1pm THY ., N =V DHNNBHFTHDHZ &
BRI NT,

~ ~100n
Fig. 14. AFM image of the surface of ZnO deposited or.
the catalyzed substrate and the cross section view.
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Fig. 15 Surface profilometry of 40 um-width lines
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Fig. 16 ({Z133EHHTR O SEM BB %/~ LT=, #T
HEIX AT TH D Z EBNSh o1,

s ()5 LUITY

Fig. 16. Cross-sectional SEM photograph of ZnO
deposited on the catalyzed substrate.

Fig. 17 \ZIZiAEH D TEM BB %R LT, ¥
Vo iR EoBRBKE S A CEBEDS T
ENT7 7 A (K6 nm) O LICEE 4 nm BED
BRI 73OV Y | 2O EICE b EEA AT
LTCWBDMNRGN D, BE{bFRE ST I3l EAR 1
mEM LTl BRICEESEL THIHELTW:,
Fo, RIFRIEHEM L THTH L Tz,

(2)

7m0 (b)

Catalyst
Si0, + SAM

Si substrate

Fig. 17 (a) Low- and (b) high-resolution cross-sectional
TEM images of the ZnO particulate film deposited on the
catalyzed substrate.

Fig. 18 121X EDX I X B2 uE T OfER %R
L7 ZnO KT TIL Zn & O DAPBRHEINTZ,

fil b A &t e BAR R G Pd & Sn b Sz,

T, WL ODORIF IOV THIRIEEET#R
EFEBELILL A, TTHBERATFTHD
ZENGhoT, Fig 1912 1 flE R L7z,
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Fig. 18 EDX analysis results for the regions (a) in a
ZnO particle and (b) around catalyst particles.

Fig. 19 Selected-area electron diffraction obtained for a

ZnO particle. The incident beam was along [3 -3 0 1].
!
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Fig. 20 a) Cathodoluminescence (CL) spectra measured
from the phenyl- and OH-surfaces. b, ¢) Monochromatic
600 nm CL image for the patterned ZnO. d) Line profiling
of the 600 nm CL intensity along the line indicated in b).
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72 SEMEELEU/8F — 12350 600 nm 3t~
T ERLT, 1 FEAE SEM BELRI LA A—
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RS ROER Yo AR RELTxT,
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2. 8 WA T =T A b T JHRIFDOER

2. 8. 1 LB

InFe,0, 7 / RLT1%, BEKUFEN L7 OFA &
RESERoTWB0, BFEFFHSL < OME
IRENTWAB Y LT D InFe0, 1%, AE XL
7 — RN (AsB os) [A)-sBs) .0, TROIRT 5 & 8= 1 F8Y
THEAEFRLTHD GITFEAERNNT R —
ZC, WIELEBEIMNIENEN A mEE (A Y1
M BXO8mEE BYA K Va1 heFkT) .

TRLLEBMED I IAY A FOIIABETS.

FOFER, B A FOTXTOFeE, AV A b %
BUEBRBMBAEERICI DT 7 Ean5.
B-B FHAEEMITIERITHL, BEDAE R L
ZnFe,0, 1%, Ty 9-11 K % &> R EERER REIE % 7R
LT3 2152 i, FiEltss L OV RRBERR 23
EFETLZEEVOWELRINTWD Y5
BERER A OB 2 BRI OV T, KR E L
THEMBHDEZATHAN, T/ RHTOHE,
A A DR DFEAE R, A AR, &b
Wb FERELRECER->TEY, RKE S
BICHEHMEIC LTS,

VU hTHMERBICRL F R a—T 4 v T
FikE LT, #hana FoOEE ®, HRMEEE
T ‘Tl &) MR R AVAER ST
U AU I —DFEE M, TAaxy RO
SO B, HAWNE, v/ /o Va ik
EPRREINTWD S FHO3>OFaEAT
1%, 5nm 725 100nm OEFH TO U H - F SR+
EEALZEIRETHS. LER-T, AT
1%, HekFE (wvater-in—oil (W/0)) <A/ n=x
N VarERRALE. ARETIE, agg R
BIR (7 = a i) 2E->TFH /RFE2ERT
Ba=—JRFERREL TS, 22T, K

T THER U 72 ZnFe,0, 01 F 72 & ONZ ZnFe,0,-Si0,
a7 - v VSR EOT R F DR,
FEREICET o MEE R RET 5.

2. 8. 2 ER

AEBRTHWE, FeN0,),9H,0, Zn(NO,) ,6H,0,
TRy, 22—, T HE, =Ty
—/b, NH,OH#&# (28%) , RTF IR hU o
L(SDS) , T hTI=bFT T2 (TEOS), B X
[(2-=Fn~FH ] ZFRFEHB ST Y U A
(sodium salt (AOT), RUAFT =F L (4)
F U nxF ) (laurylether (Brij30) ) O£
OHMPEEIT 9% ETH 5.

KMo a4 FERERIY, Massart (2L VB3RS
NleAF AT z a R EREIC L -7 ¥ T
TA bFRIFE, EF, BhHE L7 NaOH, Zn (NO,) ,
& Fe(NOy, OKEBEIREHK (RE : 1 mol/L;
In*"/Fe¥=0.5) ) TILEEEHZ LIZLV &,
iz, btk Bk 90 SRS,
Bk, RERBEN T = T4 Kz a A Mo
Z/BHIDI, RFREICIEEREZAS5ST5H/M
T, +o B S 7o mEEE (15 4 IREE (2 mol /L)
THUH L, HEESEE. L, BeeE LN
ZRIATHZ LT (5000rpm, 15 43) 4BEL, X
BIZTE M ARELEZLOERMAFICOBMESE
72, 7 xuaiitiko pl Eid=2 THotz. Kaw A
NI D —E81L, 16 pEZEICFIV 1%, 8 KEfH
ZBRP T - R L. BT, v A uxw
NV a VIBRRIZAWE. BEDORE, w4 /o
Y g VBB TCHER SN SEAND, B
HIZ X0 (ZEBLE) L, 67k
CTUBER LT, kT, MEOKENMAZ, 7ol
BORFENEF -7

InFe,0, % 2 TIZFFO U Y B RF /B, v

Table 1 Experimental Preparation of Microemulsions

FFITEOS/

microemulsion surfactants(ratio wt %) wt% Heptane wt% NH4/OH
wt%®
1a AOT 225 67.5 10
1b AOT/Brij30 (50/50 wt %) 22.5 67.5 10
1c Brij30 22.5 67.5 10
2 SDS/propanol (67/33 w%) 40 40 20

a With a percentage weight ratio for FF/TEOS/NH4,OH of 35/43/22
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Aqueous

0 0.2 0.4 0.6 0.8 1

Surfactan Heptane

Fig 1
su?factant/heptane/aqueous phase system. For
detailed composition of ® and @ see Table 1.

Pseudo-ternary phase diagram for

PRETHVOVA /v LTa PEICEDIE
L7z, ZZTIEAEEERE L LIS, o TF
EIANFEE L, SHICHTEORIRMEEMEHL
7 (RIBIOR) . WRFENE, 7 = viftl (FF),
TEOS, ¥ K UNNHAOH K % & ATV 5. TEOS &
ALY g BT AIETICED, &
U BT /R E R S8 7. TEOS % S Ha
ST HE ST e EOBREEICIZ T,
TEOS OATH AT EHET, 7oE=7 (28%) %
KEFICHETFL pH 2 EH &, VU -z
B LT . Fox OSMTIE, 48 BFf#R, TEOS
DIFE A EITNKRDRENTIY, Si0, DEHEL
PEVKTEICREAT T 5 2. 48 BERE, T T ok
X, -~ EZ L, = F )=, BEIWY, TEMS
f%@én o & RmiEHEEREL, 0%
T, 15 77D 5000rpm TOmLSBEEL, HFHNiz
%X%MC®EWTTh&LL

Bk X BENTT— & OFISIZIE, Philips PW
3%0%%mt.;®%,ﬁﬁbt BT, CuKa
(40 kv, 30 mA) THAH. RNTOERZFOKRE
Eidep Fullprof 7'm 7 Z A (version 2.0, Nov
2001, LLB, Juan Rodriguez—Carvajal) % F\»,
BHffg%E h—FNT 4 v T 4 7T HIETH
7=, O, EHROESIRE.

UM OFEEEORE X ZFMTLENT
Hitachi S-5000 {Z L% SEM 84 1T-7-. £,
fEn T =T A b F RO L KE 3%, TEM
(JEOL-2000 FX, 200kV) #Z2Z & v 5l L7z,
& B O BET Lk Z i #E1X, Micrometrics
ASAP-200 % fifE > T, ZE¥ERYe N-WEEITIEWFE
L7z, T7hbbh, REE 175°CT 2 BRI 2
L, 77K 285 N, RILEIRFRIZ LV RDT-.

HEN & BEODMTITIE, ICP RT3 mimiE (B
4:w-4/X/»f/yﬁ@sm1mmw)r
Lo, WEICITAE,=213.86 nm & Ag,= 259. 94
nm & FV T,

2. 8. 3 MRBLUOEBE

2. 8. 3. 1 W7 =F4 b F/RTFDAK
K2DalbOENiE, HREZ D7
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Fig 3 TEM image of zinc ferrite. The bar
corresponds to 20 nm.
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Fig 4 XRD pattems of zinc ferrite-silica core shell
nanoparticles (A) and zinc ferrite nanoparticles
®).
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Zinc ferrite

Zinc ferrite

POV———

Silica  w——

Fig 6 TEM images of zinc ferrite-silica
nanoparticles.  (6a and  6b  are
corresponding to microemulsions 1a, and
1b respectively). The bar corresponds
to 20 nm.

Fig.5. SEM image of zinc ferrite-silica
nanoparticles (5a, 5b, 5S¢ and 5d
corresponding to microemulsions la, 1b
lc and 2 respectively). The Bar
corresponds to 150nm.
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Fig.2.9.1.  Schematics of the Accelerator Linked Instrument for Synthesis and Analysis.



Fig. 2.9.2. RHEED pattern of the Ar* irradiated sample.

The azimuth of the incident electron beam was [110]
direction of the Si substrate. The initial carbon thickness

was about 0.1 nm, and the ion dose was 2.8x10* ions/m°.
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Fig. 2.9.3. C 1s XPS spectrum of the Ar" irradiated sample.
The thickness of the imitial carbon film was about 0.9 nm.
The ion dose was 5.6x10" jons/m® Solid line is the

measured spectrum, and dashed are the resolved ones.
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Fig. 2.9.4. Effect of the carbon film thickness and the ion
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Graphite (TG), O: Amorphous Carbon (AC).
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Fig. 2.9.5. He" ion dose dependence of SiC film thickness.
The initial carbon thickness is 0.17 nm for solid circle,

0.08 nm for open circle, respectively.
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Fig. 2.9.6. Ne' ion dose dependence of SiC film thickness.

The 1initial carbon thickness 1s 0.85 nm for solid circle,

0.25 nm for open circle, 0.15 nm for solid square, 0. 1nm

tor open squaer, respectively.

MBEND TR X L, EMEEZE
transfer) & FEFRMEEZE (Electronic energy transfer)
WXk B, ANy &Y o 7 IEEZE LR L. JE
BRMETETZE 1T Si-C FEA OTERSUS O RbE (2 B2 RS
BLTWDHEFREREINDS. CSiRIIF LA A0
LRBATTAZRLXF—BIZDNT, T T Hhn

a— K TRIM!? ZHWCEE L. ELEIR
A7 S ELTESZI0um® St FIZEE inm O
REBENRF > TDE Lz, HERREEE 291
VR, ANy AT C ORI F—% 28eV,
Si% 15eV & L, BFHEEGTFLF—% 3eV LK
ELTEHELE.

Ay FEOFEBRILE 295-29.7 [TRL
TRERE RS —HLTWA., 77205 He' Titi
EEZ Ny ZEINT Ar T Ne' & 0 S <
ARy BENTEZEEMIEL TS, K 298 (S

(Nuclear energy

04

0.3 -

SiC Thickness / nm

O | | i
0 2 4 6 8

fon Dose / 102U /m2

Fig. 2.9.7. Ar® ion dose dependence of SiC film
thickness. The initial carbon thickness is 0.9 nm for
solid circle, 0.6 nm for open circle, 0.13 nm for solid

square, 0.1 nm for open square, respectively.

SiC EEORREE & B BRI L AT R L X
—BOBMERE TR L., SIiC #EEO LR EEIT™
295—=297 ® Gl. G2 fHIR O ANy FIT K B
PEMELTEHE LEZ, AVBHTIZIGI=G2 & L
7-. He'BBH CITREBBHEN VAT SIC
DTEFZXT Y VEERHMTHZ ERARETH
ol ZIUIIFREERIZLIVRICEZ NS
TN F =TT T C-Si RIZIBT B SiC S DFhie -
SiC MBI PRTE Z X v VL ENRFRETH D
TEERLTWS, K298 D Gl BAEVVERRMES
TRLTWAZLIFZDZ EEBLLIELTVA
Gl 1B TIHIEMME R A RIS E B L TW5b &
EZz 605, Ll G2 BRI TidskEize
LRERFEEZFE-TWBEEZLND,
LDz &mnn A4 BHEICELS C-Si RICE
175 SIC ¥ X v VIO RBEIZRD L 5

Table 2.9.1. The energy value transterred from one 2 MeV-ion and the sputtering rate.

Electronic energy to (eV/nm)

Nuclear energy to (eV/nm)

Sputtering rate for (N/nm)

C Si C Si C SiC
He' 313 243 0.262 0.241 0.0008 0.0002
Ne' 1974 1765 21.6 20.0 0.1 0.02
Ar* 2099 1963 101 99.5 03 0.08
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Fig. 2.9.8. Relationship between the SiC growth rate and
the transferred energy. The solid line (G2) is the plot for the
nuclear energy transfer. The broken line is one for the
electronic energy transfer. The solid symbols are for Si, and
the opens are for C. The circles are for He', the triangles are

for Ne*, and the squares are for Ar®, respectively.
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Fig.1. Oxygen 18 diffusion profiles in single crystal
zinc oxides. Closed circles and solid line,
observed and calculated values for c-parallel
direction. Closed rectangular and dashed line,
c-perpendicular diffusion, respectively.
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Fig.4. 3D diffusion image of oxygen 18 in
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annealed at 1325K for 163min.
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Tablel. Oxygen diffusion parameter in
polycrystalline zinc oxides

single- and

Sample D, (em’ -s™) AH (kJ/mol)
Single, D_ 1.5E5 491 = 50
Single, D, 1.2E8 571+ 28

Poly, Pure 5E-3 298 91
Poly, Al-doped TEO 361+ 75
Poly, Co-doped 2E-1 332+ 77
Poly, Mn-doped 1E-8 165+ 28
Poly, Li-doped 2E-11 123+ 27

* D, =D, -exp(-AH / RT)
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Fig.6. Oxygen diffusivity along garainboundary in
Bi-doped and HIPed zinc oxide ceramics.
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Fig. 4.2.1 A schematic illustration of the interfacial current

transport in ZnO varistors.
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Fig. 4.2.2 Photograph of bicrystal with bismuth oxide
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Fig. 4.2.3 Current-voltage characteristic of ZnO bicrystal
doped with Co and having Bi oxide based interfacial layer.
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Dso/D1o0 (=) 54 12.2
Dxrp (um) 0.050 0.058
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Fig. 4.3.2 Particle size distribution of highly

dispersed and usual Mg(OH), power

dispersed in water.
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Fig. 4.4.4 TEM image and electron diffraction pattern for

the film grown without buffer layer.
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Fig. 4.4.4 TEM image and electron diffraction pattern for
the film grown with buffer layer.
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Fig. 4.4.5 Illustration for the

mechanism of the
improvements in film quality by applying

self-buffer-layer technique.
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mobility of pure ZnO film (open circle), bulk
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films.
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Fig. 4.5.1 PL spectra of undoped polycrystalline ZnO.
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Fig. 4.5.4 Effect of plasma irradiation intensity on
photoluminescence spectra of ZnO poly

crystal.
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