
71.
E
㊨2 002MAidter12Vl7o.

ixsna

X氾1 ), 

0
 

tyd iensl:areanNirves.isariiadingi dcrecortgnema me nh ddkdsareuseliflJi ms dahnobaseCo- da yt

elleray
K
Tu er･ Th 

ll

ites 

i ftconsssoverihch ysma

a
rayamiHii kyuhos

were
)
Ku,


ioitzatagne

=dn0ta2-71=xi l fonarangeotipos %a y

lmihfei l ttcuaroP derpen
S
Ixna

VTaisngdu Ag 

Ma cThnFim Smplesaliitgnei lcuar

troper

P derpen

s 

iton 

ii dcrecor

fnor

tgne

f dorecorety

i lcuar

ili

d

l btsa

Perp

r

en ma ngi

ma di ma

torai

drdan rtyhi

mp nt 

∝o

iLrgdUsi tgaet
VSe
I
JI

l loyngionelta mp

)Kuenerg

mu

y

itcompuers

i itneansoroplltcrysa-tgneoma y( , 

hese
t


ing
 

eteermasth tasnotiowever m ne ytod in

ドl 

.
 

fCoCrR ThnFimsli

Rs esearc

ieso

hS∝itey

((2s,bttusratrysa{e
d ilesng
ix ls e Al03

694

heeasymw htit m


2i3,

dT o1

aMa llL hb,Ibrak 00-a

8

･Tsu,dt

K iTky ogane oy, ,

xe

h lecnoogturean1)

inh
lttcrysa
lge-in
S

i donan
tc


dYI b2naa an,iS lNb ktao ouyu,ilK kta asua,K Tt to oua erayam,

8Japa, n858-4

1Japan,068-5j o18iTkoy,K kbouun･td
L
i

lictnfhitagneC(£rP itmltcrysa-i lngeoods

hefmp du goisn

LA 03 ic X01 O3111)A1 ∝X

i tgae

an,(

l i tanewerenves

i)STr,

g

li

((a

t

)m,

tro

1)
(
 )X((tCCPor 氾1 

icpropertagnehb ieascmlttgaetes

atyilil btsa re

b teesdMgO(111). Th

ira-isn

b l ittsusraeempoyn non

du gX yd飴a i tgaetes

do l203X氾1 ga)((Aannitanebaso CRruiCtagnecm o

(iesi tcpropertgnema Hk

f 

L

1-J

-

t

レ. :r :r

ii itnrnsc

foracomlifinhtCorxlC P yt mstcrysa
-
h i lesngetor

btaa

h ienancn

h hte erm

lei

iad

ites

ingi dcrecortagnei lcuarmderpen

wh

me . T ls

liiitnel i ltycrysauneOi lesusni tcpropertgne gaP mg cthnfmwib isc asci itnrn ma

yilniedtuih ba avedeidurerecorfi fcso


f d i lesoresgnng


h it tcaracers

issu P

ut ngm eens dma yb

ue.

k

h fenear

oin

i

dr

2in/

icrtagnei lnamdu

nt utt

∝o gt

-


id treroture

inedf-ellusewelteoid ibsesratl ltraey,

. lno nv

ds .liihtrysa{i lnge ltnfms

ioitzatagne

S: trya

h- issi ic . Sm打a me

NTRODt TI

mw

roscop

ias

oy

J

liihltnfmw nvfi lべosnge

lnS tecronne

iLdft

-1 %. 

o

i

m

ltqua yic

ion

J

ll htcrysaograp

ltresou

leerm

7ta

li

ig

f

h

de

r

silterassuc

t tperaureec,

oC>ca

Ci tureem,

i fesot

tonsa

icprop


ffne
i


tgne


h texcanges

b iascma er llyma ha

ssc nt . H

icproptgneftensoprovem ma er

Ma o . m p ∝.

Cr cadMa cP

Maaak mo

lR hL

oU Agi

itgnen

tc

i

Pr.

b taorao

Sy

ftyo


t

ll htysaograp

escarc

i invers


i


R St es. .

Ftua
s

C tenra

Tkoyl

ca

heeas

d lnerayerso

wlif

ianisnprepareh bavelpane

msitht ym

een du gT dRuu nmi

yDi ,Hi ihtaciivsonlog
O
ILhc

ry,Hi htac

Cr ltysa･i lngeS

rei tonsoprepatiC don

me dTetnanD leveop2

mitesiens . I

e laicudrpenp

tcrosritcaelcohti lnegranlltcrysa

a

SWi mp dmi uc

ccu

hinllobase-Ce oini l lltngecrysaS da yt

C StreaeIJ

l lorepaceong

lousiillc yitnuon

∝tdt ite

igh d

w

exp

hta gtrrruhe

eept hehet

O100 -20Gb0

CTION
 

ABSTRACT
 

iaxs
-


inhteinlltcrysa-eilsng

mall 

1an,12,

lloy

bttsusrae

base

)

-

((

h Ctr e o,

X氾1 sl

da

hecsw
lm
ifn itht

owevH e].3lbttsusraes

diounaresanigrabssudf teecssucic ha nb das-


tcrysai lngellaoCo- ys lthi-
htaounlh taverecenllaoyCo- . We yf dt

)(id lteunerayeroiposcom nS ll1

hograptcrysaeso
°
lu
ik:r
odt me lltarerepore

offcion

l

f trac

ifms



ド 

Were1

lb lpaneasa 

Og

-

(ll)

fit

ll yd yo he

nt du he yo

yma hinfmsillb ssedb do ngX

ll htcrysaograp

l li ituraanayssus

tiltaerason

bttsusraean

d lnerayerm

ase

t

iscu

n

dew


d ltepenssrong


li


h k ff f bt t ttepresenwor eecsosusraean,


it

itc


i lcqua

tgne


hograp

lltao

er

i lcqua

tcrysa

I

CCPor

p

tun 

l

a

ific

tno

ta

in

f

katece

il tagrow
Xta
h leep
t
tec

dbyt gi cco

homell ms 

learyoiltaerawasrangeSbttusraemtl lSayeragant d丘 mn

h fesurace
tove


ic
tagne


oirencreaserehb ke acgroun]
5【
lpes . T dp ssu dt

frangeorti ionnt he

fsor18n.

hecomi lveyiltaerasresp,Crmiian
hTe
わtr
fs/09nm.

m/

dT ∝t . T iton
ipos


hetdthtaan]4l b lt ttcrysasusraes-d i lesngeiox

i fonsobtui itsrdi lonaitos

lng
 

ray-

lr 

oprepareds dt

ies.
i tcproper
tagne
m
hb ie asc
l ttgae


goo

i tnves


rehbeasepretityseittpuertgnero

amliihtrepare

ADCma ns ngs mwht ssu

rrw dtop nfmsasuseTo10~

w-roioitning

iusnybtureswereoser

icroscopccoET(icroscope

vedb ga 

nm M). Mi mp

ltecronsetyill lif icaanayssac . Af∝u de

dteermtoPE(lianayss MA) in he
te


hei ton,tf d itteorespuerepos

dcurveani0r,2-l ioyngiotci

dn

ra-i tgae
tves
h l it tesampesrucurewasnT

een6a

dbyX yd於a nemp 8 ∝kng

iwere,TR J2u.

teaers

5CC25 or,

amis

5R2u0CC2or,OCC4or,


5


Clr
i
Ttuer,

00 -600 Kungl ph ･ N m-on

illayil tcayerweresequentagne

touroremf b teroraouahcaitonhd ie epost mb nh

tyhCC Pe orxta
8
1=dunx %. T

-


du iltaeras.d lnerayerm

ionsare
t


h tesructn

ms yt ms hdff iterencomposiitwlifinhlltaoCCPor,lif
in
ht
ltcrysa
-i lnge

)an,

hhe cp

(

itwlifinh
itc
tgne

111 dM

ms ht

i)STr,X(()mi 氾1 ca O3,

ltcrysasweres-le el

5l b kt tt ttcrysasusraesepa-d i lesngeix 33K. B

donmi nmnadt ssi ic ys . Usgt izdcelmh teopiniesdturoscoplteecroonransnio
t-ac
hfid

7.traesweritond ie eposTh e1

itargecornposttspuennheh lcangnyivareil lcayerwasasotagne db gt gt

t ttonsanaatohC t te rconengtOkeept 也 c ro

yaff

l tpesramivelani lonaantsec- dp ws uc

d ies

ihcw

h ieseox ng

h fesurace hmaitn

mp nonl banecan egrowlih feti l tcuarodpen

hacehtiquppeEiedt tnsweresuleellaoy me dbyT Me dwi mi

tCCPor mailtaxaix

-


tperaure.h btttesusraeem

itagen

t ttaurae

gs

dtoh b htt tesusraeswereeaet

氾1 X
((3Al ((X氾1 l0)LAa,032d fesol itcrysaox-i lngeS

lt tcrysasrhcph ucitiltaeraswd lunerayerm

ssi wegrol btt tesusraesobaspohcosen

∝氾1 ra he . T

me me ms

h uc . T mi

b fttsusraesurace

ice

i tcaollta

h lttea

tto

ftnso

ture

llle

tsr

pa)

hearrange

hcp

(

t

itw

-


PftoC(疋r ifs

wiasvare

l lteryn

ikcne

i

h
l tayer


ta


ic
tagne


y=0117 % wh

ssw dbt

Om9CC1ori d lcunerayerantagne mldam

.n10%(MgO)hao(ic omo

l

tret

O

)am

1x

zer

bleow

-8.iltaerasan

nio

llao

tain nadtos

- ym d0

tconam

hCe ot

inh taea

dono

b ktt tsusraeswereepon

rossiqueslJi htgureecf-lpoe . C

汀Wh enTo9-

roleontransionltresouihg-h missi ∝t

rombproeh lteeecronlpoyeteerwasem di icnt

I-

ions. 

一･AL.

i l itonavara

tL-

tiposlcom

bea

l

mo


∝a


-


iamn2f mind

. Anonl dpoyeem

101b taou x

ted iepos-ttspuer

CCorxfo mn y

m
 l00 nm.
 

EXPERIMENTALPROCEDURE
 



d lncraycr 

ttpuer 

)

h

1

itgne

t

-non

btsusriarous

0nm) ma cu(5

itane

25

ido ntnv esa sc

binfl eo doimswer

, 

)((nA 03 ,l 2 X氾1 

(㈱anmic

)

At

hous

frcree


zp


h ss( M ) 

o

l 

a 

i

tt
lesu
nce

isso

･	 Th r ht

QPPonCo t QRub-hy

6
7･ 
4

･3
6

8
･1

3
5


74
･35


2
･6


13
2

00 00 0
0 仰 

･6
0)
degs
O5(.A

(

li

5


l

icbcu

12

M

icbcu

28

l A lxxgona

ll) gO( )G)I

wh lexagona

A1


J 8功. 5
9


h

ng a hlt

ina wh ep dlctl toycrysil

tcrys-le

s,te

asdseheg sss ewasu a血bt tusrala

i

tr

S

bsus

T


1)
1
1
 sgrelmfiin wo

ep itose

nara-tsoSlu
is

)LIA103 0 (α1 Mi氾l ) 3


打SO t m&id dT fX yalyC
medony lo

Lnter
tsa
traef bsus

X((

i iaroussn
t

2
 (I
i
Tr
1
00(0ca )S O3

)4
33.
1-)4
65.
･)

9
09.

0.


2

143


eaCoCrぉRu 

LTSAN

etm t

eI mma ee lr Heri ime

aCd: J25nm)TTug cl wees yd

r

illatequenr

tna

ayeri

xper

tne

ilera 

JS

htzes

lt

D

su

19Pr

E bt t tco su sra

lTba

功. 552


019


I ypl

8
ttrh25
2
=2&
r
, d.

山loytai lsnge

u
n-
ts
Yt

lta

zy

5
10.

l-ce
h5RC2or

2oy


y


d hes

d


plくけS くけS l p くけS

g dsbS

C t D

QO-l t
･】･001【loyd-

00】..1
l loy


/

Itノ
ノ 

J

icu
tagne
m n虚血y c

＼
〜 

te.&tr

.
 

-
10･O
1IW

yW
d

l■

･･ ::i ･I 
′ 

:.

･7｡.

lヽly･.

I= 

j
i 

● 

MgOl110

･5,
Tr
■-■

-ヽ.-

.I
/.

＼
､ 

. ＼㌔ 

lIIIt

f,mO I野k

～

mi望(]･00uOJ 1 血 

.チ-:I･1L

-/it･1I･･t'

II,

,

./

∫_〜-I/
_

＼ 

】 

1a
)

)STz,

[1

Oan
((y

tg

dt
1N00A

(ト
X山

03

'丘 JCSI k rpo 

)

･l

氾1,l2 ･ 
y㈱ l ,L山 
沿1 i0よ110 

-
-----

S

＼1-.AI-

～ 

ts.lesu

18
05.

h

37
05.

lexagona

5
7
04.

●
 

des.ix

伽 
L fero

(Ru5hn)

ccpm

1ェ 

l

lf1･●′ ~ 

＼ 

0蔓 

ltaC-i lsnge けS

t 

.I 

.● 

′ 

3)
39.

1.

-
3


仁 

/

.ー

′

11〜

､

_
.ー
I
･･
-

11


一r ol11)爪:メ: l

I-J

,,-

I･P 
1--

~-

/ 

.


-

SION 

ly.
L OSneu
B
lt


a s･te

hle
伽 
l&Lttc e

代: C
dfqt &

b((伽 1仰

＼･､-1-

)

lta

5mm
(2


i lsngeくけS 

伽 

((yr-

m

scd
)伽 Jo X

1)皿d 

10
1･.

ll Iaoy
.

-Coo
// -

Lむ叫03 Ow l, dSTiO3(ran)(

dg sss trbusla)an,ll

9
9
12.


992
0
0

CKn
㈱
1(


山L () O】u

)S汀 i, adMgO ll)

3
4


yalyissnara-Xb fsuso

WJpa

)

､t
､､■ 

110-/∫.

Pl

■■

巨＼

2
A103 2し 

612).
･ 

kIL一Ta

(氾丸 tan 

or
aぬc e

f

C(Ⅱn

)

)

RES

恥 

Jt

lKar

E

M&t d 

C
L一也C¢C

dc

trys

tesr

) 0301A

甲l tucu
)Mi hidc

(0l 2

Sm
TJaS

1
2

Ⅲn(a

Z( )sepxz

M mt

c

Fib q

lhc

叫 

isz

R

Lx

ns msmuityseiitpos odq

′ 
/ 

m 

叩 

. /I 

hAlq

DISCt

Mgq l

dstnKtt-

)(%)

c､bsus)iTS)(C r q(ll1 h(bttsusrac

R lruayer

)

CCc/tCCPorl feso
fi
iguz

001

cFO a I bttsusnes.Atczys-d idesncioxdn

(0LA),O AIQ)!b htsusra

d fe


X
3(
(02

ra


1

-

A)(a

re1X ypiguF

L 



l

:lO

.
 

tour 

ionsi tna

d
fl-o


inhytllao-hCe ot

lauehets A6kv

f teecsill htcrysaograp

LO

ldncuepose
issup
bttsusrae

ma

dtoi cd

bttsusraeeven
 

dnreeg0.f

how

lovau

bttsraJts)11I(

eo 6d ea

O3 es

ニ 

I,
 

nfasconliythinfmw m edo

iasagansbttsusraew,)

2.(2hetorberosve.hosedt df Al0301Ian01.1ll taoy
-
oCi fguresof

me l f b Kt ttervauesosusraearparaice

04O CraO (疋r Clrih Tera

l iearsxIl hpanesso01.
1
lllaoyCo- wc

aoliihtcrysang lt ms icnf nmleitsPr

dnlif019IhCCe ori fonsroI t mtrenec Pt ma

9nCC1or(

)X((2heO･l

tilquaich ll htecrysaograp

nbeg WnOnt Al03 氾1 

nt yo

donitanebobe

I 

/-

｣ 

l

L-Lヽ

/p

LJ
 

he 

e 

lovauean,

. Thd lunerayers

lovaue,

hcpitgnec

AQ dt

icfipoaninelltcrysa dpssesssec

aslitOL9LCCorf Pt hinfmw

)dont iche 沿1 X((amitane

tolcouys nfms dnliiht
C ltrysa
-i lnge

-


llao-CCorf

tericeparattahifferenceiasmalld ntel me

dw heit ti

l


ic
tgne


mamogt m/ mbbttsusraecolihfe
n


e 

knedteer

l bt ttcrysasusraes-l lngees . Th

midtot

dont α)hemi 10(ca

abttusraeliihllao
-
o ytnf ndsma re

b dttsusraean,
)


fyotilqua

i lvey. 

ic

t

ll htcrysaograp

taeresp,廿をbsu) ec

Ahets 島howbttsusra)00(Ahero
l
i
i
h. Th ytnfmg wnont l203 01 esllao
Co-e

91CorC Ptei ispersonsdarge
t
ions
trenec
I lpoe
01. wihl . Th

aliihitgneOLtP91rCColtcrysa ma ctnfmc

鳩∠hetares

bttsusrae,
 

-oni

olebabttsusrae)

ff f d lteecounerayero

北((hAe

hee

isni tgae

bttsusrae

i tnves

. Thnt

du gt l203 氾I ･ T llcmp

dvan ma

bttsusrae.)氾I

el mima hw emimuinhtastcsicettaht
i ionsnce,
ttexpeca

em ma du gtelis hi ttahisnl ltscacuaetcdh . Therei tgaei tnves

ssi ytog wCCorotilibhepob i ltt tsusraessuncear,

f doun.
nbe


ma ctnfmwa neitabsoliihitgnetCPorl i Ctapoycrysnne

-illrge

i fgureso

ali

Th eflpoe

llaoyfmsresCo-hethtait tcaesidnti lsresu

iTrhlih telteiions,lI l fpoere

1

0I.

an

ys l ∝t wh hinfmonteS1

1d ees d†

harp

egr5.

ver

fo

1.
3lk 1ors ,


ma . S le ltnf dn eong ms

whnt ma dd∝tya

b

n

bto

lir

lcouliihtcrysa-iilteras

tPrCoChe

d lunerayer

e

)

0(3

X((nAl203 氾1 

0 1

he

(3

i i ltonssreael tec
I l fpoere
1


111

･O dtot

l0ユ 01 dS O3 00 ･ E lg ho

eo es {r . H ei

trow

0I.1

itaxaip

htere

Ilpanes1

l bt ttysasusraes

(iTrIan,

Iinge

2.


d


(

ix

LAa

hest

ma cu . Al h t nwh

ic 氾1 

main h i no mumfmg hc

hereaso

trow

hougt

liltp

d lnerayer

)

fa


i
tgne

X

ig


((a

hs

-

m

non

het

re

ivh terespecnr ithtipswi honsltea

teieposeliihitgneUltP9
CC1or
f ma ctnfmwhnd

h ieprevouswdi tounaresnoeigra-bssu nb dint

nfmw ted iaseposliiht
ic
tgne

ncaioitdon

eo db eofecauspelverap5 d lunerayerar2u
R
5
C2or
C

cr sh weenC

ll αX) l203

(i bpse

(

ion

A//]

ltea

10.
2
[

i

)1(oy

ll htcrysaograp

aCo- 00】o.11【))KCO

8 m).Lr502.:a=5R 2u

Aa00】o.1 nLl0

Tr1】o0 nSi0

nf O3111ntmg wno

f d ltecounerayer

)(iSTrhe

iltera 

roliihtC ltrysa-i lsnge

hasuc

Eff ma

yploera-hXeh tsows

teieposlasasliihitgne

te

Ol

i

t

ts

P9

ti

t

lqua yo

CC1or

Va

tou

ma ctnfmw od

luei

oe ma

()m.l03∝沿1 (Aa]00.1[)1(㈱oy

6nm

mme . Th

lI co ioi ttrenaihograp

5

try

02.

tcrysa

sy

-1[1

ll

(〟S O3 11)iTr100.1)【1㈱(
llaoy


aCo-

Co-

lThes ssofIharpne

-i lngeghtaai hsso
t
I wnt oods

e1igurF

52rCCo,=a

lmif

わAe

idtasure ncarreigurlfoera-X

Th 句

yp eme me

igureisonispdleQp)01. er . F

ist

e 

ayers

Th

llao-o yl . I

北((ヱ 

he

he

eintlpo

)

)

i trec

01.1(tPrCoC

dd yont Al03

01CriiT,T(d lnerayer )

dtesponsVlauecorrmallAqo os 1mall(

iLterad lunerayer

an

hed ltepenssrongt
ua
li
i
ht
ic
tgne

dC

nfmqliyd yont ma

itgne-l fesononii fgureprof ma cu

herounsca-α na dtfFhets WHM o

i ispersondhet . As

OltP9CC1orhet

how

l ht tcear a

2s

ma

loera-hets ypX



1

)
 

fo
cs
ygcJtsadtgdycc如 mthehr 血coe nkheCt&LEz hint h仕 

l
l'-

･Ir､

e

f 

21

here

C

:52

T

d

1

f

m(

crm

itcrysann

cr

ha

(

XiTtoI

ew th

CくだT3Rt i. %, 

qhy is

lkbcct ismtho

Yiqo ep

la
 

n&dthin血mcm tnd舶血血 o 

r
-
-

h

tlbstzQ 

(iTy(5R2u)CoQ2 1伽m 55

-
叩｣.

Cr
ta


ll･Qltノ■
 

'
 

))皿Q O3 ( sqX

､ ､､r.


ayer.

ceco

-CCor

z

Joyl

dq14tB m

..

lXJabtrSXLt

mlJ9

es

1

thtn

●仙 

= , 

Ty

C

･ 3	 ･ . 0

くけS IC

6･ 

bfbQn I ) ＼ ｣oon+Q l10 0'

22

′′拍+cn


dt

0･ 

lpoy

J
､ヽ

,

Ol.riiT,'hryerlBecutb fson丘
Jr
J!	 O oE de 了L lllr)皿dnllHnS げ ●～ P Jt e

此 

lspoym 2. TI甘C瓜 

9･0
3128･13･31･5

yぬ1 S坤 

hy

i Jveu y

tg

血tc

d丘qi

hqs 

, I(L: 

i 

dc 

pepOYVh dd托t OS

fノ10･ll

叩bnifCo-anoyd fueso

dvi&

'
dte
ios


eduncr

i

hyrm血 

WSblt stiiyi h

:hCtLny

.
ionfidhs

nsity.luai

bcr

hCryt	 gq)cq dt. ASdo OJkP 

dhy

h5(5R2u52)W

iystlPPZWSng 

ttirwcdqhy ha蜘nd

㍗-.i

ccp

sp

0

t

Clr

hua

C

het,

i lng叫 o ㌔1 1 a証dim一gZ


JXhhyq 創mq yi w
 ju


＼0爪+｣仙･ 

･/ 二	 (二ヽ.
 
し

7∴L∴ i'

LII;.l. , 

T
llI.
t
:
'':., 

二 

ソ 

k-rcSiLEg

iofrI lpocs mT01.1thd theI

e

LaretCoQR

in血mi血t id whs	 kD n

JltC伽 

hefr respq t e

zlebaint Ⅱa

Crt80m也e 1Ti	 0

i

hercs 

dsIhc

l

t

lixparowf&gt
l
he

qs a hs

htcint 切r ys co丘l mg 血t oe Jt

un


ehtetun dhqf

lteheCo ダCrI

ad h .

(5

vv	 

h

own 

叱 A 0

伽皿) C

3C
l

(


A	

lO3r

.ll 

l叫poy

sh kcrcsust h

叫 

hes

P

)cg..

EEc

4.

鵬 

0d T ismd m

血 

iimS耶 

2gureleds s
t
0%). Ii o∝ねb in丘 

-
-

吊
'. 

aQPtCo,,o

血 th

i,

c

y

bsl

l	

ts)1

isng紺 tlSaWh

bt

k idaez

biibs

Sar

wqd

照Ⅰ迅 J m ytOt oa∝O

la


CoI k Eposo110.1

苫 

Ltzn

9CIrn lO皿 l卯

AMmlbAs

胡瓜伽 yu

nd En

(00 肌 kr hye

dlezyerftou

r) TiC

血 gk叫 
0･4)dcgs

ipfedpray

M 』
O1.

十--
･

信

J

2X-

.
qItT

1 

I

5･3

ぬbushotoge

dt	

xy

ur

iw

hnzu

tcc

i lvey

PCr

l

t

P

dq

U


S

in

iscons


tS


dc

tu


s

co


K

-

i

IKc

CCor

t

F

th tE h shJq a

mto切n OS SSh rq i

hr g mbn ccct t na msnt th i gs ho es r

Joyi cdoc KCS h 伏 

血 s

itpose
dq


w 

ftgrowho

hoC dt trensfOJO tnun os	 w叩 

lllOl
-''J

血 kⅡ E触 

hd heryert

T

ll･01f

850( p)

ibq叫

dc
% (
A
A
F

界t 

)

叫 Co

I

鵬A l2払 01(0 bsus

52

idsn

Wb

lazx似 3 .e. Ad5dg)A

dm 血瓜	

iAs d

ke

215G t hycr g

dol 塔

㈱cA 0(l23

Ⅷ血 hy q. 

tpF

qpa

htt

m

1

hso73.

咽血S

oCrd:i.

%) wz

lt

別t71.%. I

m血 血o ntk sbs

t

C他

d

Cr
C
o

m曲

血e

C


-i..∫.

Std

:,,-''T T一㌦ 了/二 ､-

A nOn一皿 gndk

atrCi

血 o nt h&hAt

0冊 

鵬 d

1-
目

trae.bsu)(0

J

surf 
antRwl 2do AAd

3(X氾1 st

aau

Rufno

ht

iotid

esrf

to 

T=日1


血poscdqcF iuso
f
id nwhm

(礼rtsJ叫hiidLlcrdics arc n∝ 窃 SaytOm止e ca

I
､-■r
LT.･l.T:1;Jr ･ 

･t.↓一

I



t,P.

P

oo

Sam

ro

A

rve

JtRbOse.:Ctoo/tP) lweCC d>oan,

ta 
fternso

ff trac
0ls l23 k･C) d(np )(,b(

iouc de npi

T

d

ion

'lbt econurean

ff iik ftt ttracocron aernso

･fiiihPCd l tcaagn-ge vey

d

mOS Sn re,
re


i ltonasr

Etcure.


3 lreg
gF

tsec
tru

0

-

2

iona
Cross

tsec

lKar

3igure
Cross-

u,

)
F
(a

CoQR Al iu 4H EM df mC



i

niesnb 血r . Ⅰounigra
ine
1l】rysa

heroas TEMd np dfmtbttaernsoserveioff tracii feresots,i lgureresufyploera-Xhe

htehtait tcaes

mpes du gat missine nmi . Th oc

cco ewiht

dt l203 氾1 yidnb l lttsusraecear

arenere

)X((A

croscope

he

ltecro

5 d lunerayeran,

o

R2u5

rans

C2or

lsn


t

l hCtayer e,


ie
dtu

Olt
9

l

dranc

1CC Por

sa

a

5R2u5CC2orJltP9CC1or

)1000(,

･lane

t t tconen
 

iltua y 

52uR52

age.d icemltaionk:tafiagn

ferace. 

ltecronhsae5igurema cl wninf . Th rpe

yi

di na

i hayersso

l lcear


i
tgne
0
1tP9
hCC1e or
t

t


fo

itgnec
 

ic
 

itgnefikcneht ssoma c i 

ll htrysaograpotiwliihitgnetPr
CCo
hta
l tcear ma ctnfms hgd c

TEM ima da dtei f ftneracesohrounbgesoserveionitcafign

lmifheaveragei trzes

CTno

i d l dsunerayeran 

Cof

hl bt ttcrysasusraes-i lsnge . W tht

5Onnma.2uR5C2or

sliifsht
hta
ittcae miagoodqdn

t亨1L1---_ IF.i_ .__:_ Tk';t---≒

0Arownonlil
idc
tgne n丘 mg l2

hPeh langnbliihtC ltrysa-
i lsnge
Pよtr yCo nfmsyc gt

ihedf teecsaroundt nticll htrysaograp

ioi tnahecol ioynpreparereli
i
ht
ic
tgne nfmswe demp gt mb

lifhei l tcuardpenp)
iaxs
-C( oter mpixs

yi db eenteChtewizelsreataxiep-hteero

bttsusrae.)1000

h))ugmO,
01ma

i 牡f tonpaemracfidttcronke

wihnoctlayeritgnec

CC 9or.ltcrysa Pt

nTEM p

yma

itcure

easheh tas

wne yont A103(2heilltaxaipll iayersgroib52u
R
5
CC2or
JltP9LrCoC

ld l 1nerayer,ayeranitgnetewtcsiclt ttera,iceparai ltton a,itos me emima hb eenma cl du ∝a

heiC t te rconenitespropictgne er . Th nt

ioitzatgne

ulebatt ttonsanaaroundtokeepc d18a%. T m smma

io

The

d tnuclsnnedtaseeriotios nw mi du gI

lmiihitgneltcrysa-i lsngetyCC Porx ma ctnf

iascio

reweprepare,

t : ttcomenraPff fteeco

itsre

dprepare

he

il

t

e

i

i tgae

h

a

i


t

tnves

tgne


i

mp

lqua

t

co

ycnb ･ He dC

oi nonb ma

ma ctnfmi

llihtC ltrvsa･1e2YiLsr nrms 

4s ws ma

dC

ihg-hhoigureF

an

ioltresouihg-hhe

le-h fisosPicroE
ie
VwTMm 苧a ng

)00(2anikcneh5(d lunerayer 0nmt ss) dA103 01

i lonmageaitcafign nd

tcrysa-i lsngePtrx yCoC lma

np nadt

nfman

n

ilih

ttaer

tC ltrysa-i lsnge

!2xrCo

A101001･ P f terec)0(32/5R2u5C2or

dehas
t
i ion,
i tna kenma

dt

wTEM st trucure

d lunerayeran

ivelan-P

Lo)a wmaSb (ttusrae.

Cf

lLar5PigureF

ma01tP9
CC1or
he

ioff tracid

mbtaeco'lbtsus

l faueoionan,itos dKuv

iotara)P tre no

lefllao

oeaverageru

T

5as

troscop

r

layerw

co

Sp

nece

mp

0nm. Th mcmp

ec y(CP

ssaytoi no yeme

is 

las

t

loupenC dP ma 

ganEDAX -TEM. Iisni tgaei tasnvesioitos nw dbyu

inhtgneltcrysa-e
is
hese
ft tnsor 嶋l ma ctiobtui itsrd

lcolhean
)
S dt ∝a mp

lhtl tgaetnves el∝a



Cr ytnflmsiihll-aoColtcrysa血g -lek fsosPO trperClt!kr

mayl li∝a

t･ 

thinfnms
 

%)むl dC

t7.1
io
itos n( 0a%) 

ssgstre . 

0K)82(Ku
D3rxl06edc

.2･4)76･0

li 2naysswas 

istheng

riheEDA TEM ant X I

C C do ran, ,fOSItoz P

he	 

ttao

i	

Pso

ldiu n

l

Si

lb

l iayersexc

J lousongn

oarneexce

eedngt

ys . Th ssC dpssiya mstysem

nc

Crauo
Co-fo
iagramh dpase

le
Zba


lLcca

nthe 

film. No
 

itcaelSeaJi

t

n

ia

helon

mmdnt mee

asureme da gt A-Ba heC-Dl nd didt Siionswereitos

he
T
d.
i bsoset tnrasco mena heTE帆ndt

6･1)16(66) -･019
6
6･4(0･08

go

inh

tnsarer

taS

lree

i lngeqS0h C C2e or

dC me ∝o i

lt

i lonatiposarcom

7. ThePt 

orh boseose
t
l Ⅳedf

l]67,ionsC ttar rconcenraiiaw hs	 l . Laait ml

l taroitsslesuhsoweli
i
htltcrysa nfms dr mi

a

grown 

tt

tcrysaleisareiho
a
-)tP(

mlnd 

llytn丘l ms ng ls

utheC froraftontha

i lona
itos


ions.
itos


ltcrysa-le

ltpose
p


hesef tor)0

01
2
3
･44( )16104( ･ 1

J2(1 )1･9( )19(
･ 
･0

･6

2
7

0

1	
4
･	 
･1

8･ 

7	
7

7･ 
54

5
1 ･ 

7
766･01

01

016･1314･0 0

)10( )10(1桝 

65
)12 ) 7(･-	

O2･ 
0

･59)

lC he rsowsa

averageco

ihsw,t n o

mp

havecoliiltcrysa
-
le thnfms mp

ftesosrAseir uc

heaveragecountcena


i

p


s
t
ta

t

dan

nhassow

bttsusrae
)
1)

nh t t £rhaheC(

s t he ngh es

er ro dt mp

iicpropertgnehel∝alma tes

igu

iii 6gure

hssowli

te

i
ta
Sry
iS71t

dinf . Sml

ngleヾ h ma nfltnf ni re

. 

2th

d7. 

medt ew i %(ob itn±3a

%))2ta(donios

iih TeaveragecozPStO dun

Jterl ievauess)0216.
s
i
i	 h i %( ma hanf ± . Th ll

lcmp
tPCr

oLoca
Co

R dhtuncryer.tCCodan

40･1

69･0(0176

tyCrxitecause

mPm

h Cdb nCt te rconenna me o Pt tnsareexpecelee
uoy
i ionst tnucua

lif

03((伽 l ･)Aち
/
)lT0In

-


n(
Cr nng er

S血n加d m2 ts

dhnecy
4spo

by
o

l-a
丘 

fu
Ceno

i tonst ternucuadsma hall

.AX ロはT-Dh EglSl itanayss

Curionsm
btu
i
b 飴S dfq

l fuencesovah ifent ri

) ml n打 

li mo ywincng

iottnucua

teha

lofo

tigenehnoiona
it
SO

りhtc

eltnf ndrhi msulita

(R255u5CCior/)0nm5

n

u

h lereeh ftoseootd ten

C le ree

idneets

Coftao

leat

lteo
i
fpro


nseemsob mo pn ot me

th . Th me ro hena ndt

io	

ion

tu	

tu

Ill.
 

nCi fonso oa

lebaitsel)α(laues dint

%)

-1･9g

(

i96.
1
(r %)nt

taaionatiposcom lVri

rolee

mp

. Th ∝ti lveytec

DC･1

sn4-03 0nmi o

とⅡIS mg

me Mimas

l dturaanz

ter

t:ru

dcepamLta

lTba

niguresitcedli
i
ht71t nfmsq) di 6anf

it tuaofi lonaitos hc

io
l t tucua
ftn


-le

id

il

in

9

dr	

1r

i lcuarr	

7ant

d

PClr

erpo
a

seso


-CCorllyp en ∝o gme

na nC S dCd: PtOSngly o

血isco

ctofeihitna wa mi

iionaldsitos

ehtnsow

io

ltee

iteva

lesa

h dtesanar

li

i


t


o

ltcrysa

hesassown


-


T

i lsnge

an

k cmp

hinfmsmp . P me

s vl nt dd nv

ns(o

a/C

fl taveengnwithw ho

606･1014･0552･0

316･1614･0852･0

(

506･10･6403

a

0･25

tnC lreefiot tucuaionatios ln no me

PC 7rCedforthe o 1

QIPt
( 395･1114･0852･0
)
5


1,
R2u
5


Co
CC2or

血d 血o dievhi tttessazsanVl i tauesnparen

08Co( .4foueslaverageva

bttnso

(3

lei fonsoauot tnucua

∝X

yeme ew

wthel∝alco

nm) zC(n )

ihe けS nt く

idf t tc eecsec, . 

l lsnge

h
Pgra


zeeven


Qtcrysan,

nm. Th ∝a mp

n- wTEMp . Shtig
l


lco

itcures


le


ive
lpa


cohe

io

nb 舵nt t mpew

一i l ttmonanuc

recogmiz

itos

hc C£r in

M et
hll taoy

bter
-
CT

(
hf to paraa

Ltt:re
CiTTtsu

S Ianpes
)1

7res, p1t

Ⅵ杷 

ltale
i
S71t ngぺけS th

P£r17

托e bnsatdpo∝alomlqage
Ay
)2

d7shoani 6guresF

0a 疋r 7ndC( 1P

0aC2rCh foseot o ndC(

ヽ

0l2

ヽ 

hAet

I'

ylmt hentiiitililbsou

Ma虻t 

QI
2

ちP

ilcayer

｡ 

g

C0o
Co
Coo

OC CeaILiss,

he

iolt tparenrea

dtaroun

ap

mp

ionsaret tnucua

co

ioi tgai tnvesi lonaitos

.PtOll

ib	

CorPheC 17

itsr

t

d

fo

nilltaxayo

co

iep

mp

o	 4CrCfo

trians

ibitsrd

i

ionaitos

l lltpoycrysane

comp la



-

-

. 

BlFi 6L∝a ib df le C nf Lyeme sme ma m.gure oca 
litco cure 

((( 1!3且王t

gure
L lCoca om

iL

l

iht

ive

li

-

i

dgnec

lan

tgnne

｡2r

77

1 

i hnesso

CCo r
i hnessow

tcrys

ltcrysa
I

C

Kr

I

e-

ノ 

iorsng

Kr

2071114-

′

′0hU 
63

17 

bCa
Slaon

)

さ

asure

左 

)))%%%10JU
(

%qノ)t
O

き20
q(

I

iヱ:asure orsn
ll lnsaon

mp we me df l gAIBa Dl wninp wTEMp

O

tn

tn

tns

kt

loranays

l Otoranayssp

lee

i fhonsoao

asure
i fhonsoaoy


tu

asure


btu
r

itsr

i itsr

d

re

l

ions
dl

t

ions

ipos

tios

b
Z

U

Fi 7L me me df U 111146∝a a宗 gl39A 
we df I gA- C-Dl m1ma cdnneme SP Ba ni m･ 

69666396



1 

唯l fmsilLribt･ ltecrysaoCrPi CesorD terOr

ies.
toper


ionitos

ts.laugf

iifn

20 

TStcya

l
(1

le) 

氾1

l

-
l血 bs 

fsuraceineflkerosac

● 

i lcuardispr 

p

hen

｣-

ー

● 

O CC>

1t

P 

7P∫

0A

2

ll
o

● CQ19

o

o

oOcQ. 7l

l l 一 一 

f

tlU

口 C Ql
7tl


feerrence.
itagnecp
 

htor/dani ftnerace

tor

iitnrns

f

htneteerltraetflseuarlfiinhtictgne

yf

ms eu oaccu yd mi ei cm

d i lesgnng 

in

s 

i fonsoco 

l tgaetes

f tsunc

iare

ne

a

il

e


dtsareeer


t

tictgne

i

iss

icprop

t
CPor


tgne


tcrysa
-


ia. 

ii itnrnsc


de

ing


m


o

Th eemsob

oodsle lC ma hinfms nv du

me ma ere mida got deix

layer
icor
 

tsarelesu

ilmp

s

L8 
0

Jt～nnm:rd 才SS(ig

ikcncss.htyd iensdf teecicH htcrysaograp

tpCPr

u

C

lncreasn

d l iunerayern

it

he

hi gnmb

o er

hemagne 

tl tepa

i tesas

ibtneva

t

ni hf

hfe

lnflleoow

i l tcuardp

lfi
in
h
itc
tgnema ms. Th gr

en ot

l06f40J20

ikchil tcayerEtgr

l layerd f d fasaunconoCltgai tnves

u 

8′0(
3
3Jn

heC lt t trconencosei fncreaseoigll tcoseofsuracehe
tor
d/
 . Sht otanhi fteneracet

l daueecreasesw

lcosyia

lvaues

i ft txspreeren

n

t tsarerepore

HkadKu . Kuv

laugf dtoe ll etotin一kacS

locaiedtuwilihtictgne nfmsillbes dt ri

icproperL trragnehetrove

0
(o息 

4 

2 

9
も 

X)n
出 

h

T

004

Ma

dnecp Ci fcsoFtreLtigF 8旭g 叩e 

00つー 
0 

20 

m 

o

O
)
SyV 

(a
T
)

一H 

lereasonsd25nm. Pssibo

dtobe1 . d42x.430an,.,62.,

nma cl

ma t duisngitgaei i tesnves

itgne

properic

btewoe

tgne

0K･ I dedt Hkhtaisnt82l

ssadnikcnehtayer

ms･ Ku 

kcness

hitwdecreaseo

ithi hCPngt tincreasincreasesw

ty

uelva

nfilihtltcrysa-i lsnge

kcness

illearespecay 

l tayerhiitgnec

Ma cD

8sigure

tgne

F

Cくだr Px

its

ipsi honsh ltereah tows

. T Kuv

o 2 Pt o Pt , dan 

l faueso 

9C1r

he

C7,L8

ion

OCCor,

ttconcenra

CrC

Co {r ltnf

lO

ihtysai lngeS71tP17Cr

s ilveytpec

hil tayerictgnegt ma

llt . Thisionstipos

he


hecom


d iecreasn

fora

mt ss) e

6ercca

dKuv dt

arer

l tauesen

ikcne

ne

/g

h

d iteem

n

10

Ta

rche HkadKuan

lcom

in

∝al

docease

i fonso

f tor

itvara dniotipos na

ccr gt ylCl

dma

wa

Sdenencleasn

h dereuce

roun

f tor

bleo

d

hdtosti
idn
f for
flseu ngme oimp

l.
 

ms 0(5il

0nmlcve3-

trysa{i lnge18idingme al. S ･ lmadrecor

0hai tnnerhts n2

ltcrysama-i lngeS

eco

dpen

reae

ikcne

ftuureper

ht

Thya lsou

ssb me

llhe∝ad teuce

nig
il dcuarrecor


llriw

CO
 

idtane.bolan 

mp

belecarn(0α)ocr'b teesbttsusraes(IiTr)an,1K)(OO3C dS O3 11) .Th c

iaxsp-c er

ltysai ltsnge

g

CPr

)La,

tCPr

)I

C

3(

i tonsoprepa

bttusraes

hCtor e

C ltrysa

I
it

-
le

ikcne

C don

i l tsngecrysa

h

i

an

(1

NCLUSONS re

ls . S


dt ssf o <r


)Sng o ma


∝X AI

hewilihtitgnec nfmsitht

onngrow Al

i

20



二'L:bttsusraeA103 氾1 )X((2leonanbaitanmw hgood yi

mp

bso

anh

tii lcquall htcrysaograptilif
in
htC ltrysa

e

1)
 

1)
 

3
 

hitw

000(302A1

h ±anbloeeirmei fonsarecon dt sstl t tucuafe

h d leunerayer
t


㈱tCC Porxltcrysa y(

1̀ー( エ

).1(1 994

li

ikcnesshil tcayertgne

nfms

het

一｢｣･′･_

iI

annmi dw nd doteieposhespreparelif
in
h
itc
tgne

h f fesuraceoferaceaitnmt ndthel fuenceroh ifenh tere

itctagnetCCorxltsary P ym hic-
h i lesnge
tor

uc

ms yd

･ture 

l dtrong epenson

tsr

liifnhitctagnetmCCPorfo
ty
i
i lcqua
ll htecrysaograp

･.../ .･･_


.tporeuprograhedt tuuner


1F.


do ASETp dbyNEDOms

叫~l

ie

=l -lr

099441, 115

5105,3gn.rams.
E
EIto, ET Ma 115 119 

.h Lys.lPp.Atoo p,FtuamdM. ett6

265-9555,J Vl2pn o. .

lp.SSup,J VI1pn o. .

).699

-I

71Vl5o.S Pymp r.

･rei

R St es. .

2

H dona. ,toan,
K I.
a
rayam
Y.I bnaa.

).899

, Hi , dY Ma ∝. ∝. , 

1(002)(mp ss)

J l l1-

.91074-99654,h 8ys.lPp.hJAp,. 1( 99)

;ヽl( 

ILt,〔二 J･, 

.TT1-

11

､̀ ト 

LLr1/i,
I

･r-L,十'

∴･ IIJ 

1083-708
23,
3gn. 9(

～I
,


e.N.inan,l dD hmbthgE..R Dao,H M. ong. , huH3.

Sg.

Sg.Jto,.

Jtoo,.

FtuaI bnaaan. ,Nrayama,S Ytao. ,.
K,
Teraya.
 ma Hi dM. mo Ma ∝.

001)(2

K

(

Ma ∝.

4.

Ftuamaan,

Usa.

YHon.

toan,

raya

.K

Y.

tooFtuam


Suz


,

,
tsu

9,

raya


o.

Y.

N

Y.

Ma daM. 止i, Hi ma, d dM.

S1

Hi maM. , mo dK miKi rams.EEI, ET Ma

9h ･ysP･lpAp･H Josoe,･ 

.･J･ 

･l f･ P

7

L-

?､Jr

L


 .Lr L. 
-


ian,T hanaasTkhaaashi,K･ h dY

I.3･J .l･:j Ir -

: I.YL

.

r･亡 -r- ノ?A - r7←T 〝､r′

).
iJnapanese


).4991(201-9

Nto,

1

Ftua

52-342

M. mo

4(

i,L

.L了.【二･一m･'=L ㌔ ･ .｢Liil il :

.tiJ.hJl - J･7､-; J-., j t

･

.

8

二Jr

･ Y

!L 

5.


6.


7.


.

p

_. t:

-ledf ngiorsbeoservear)tC Pr,(

｢ 
.

t

.

heasew en. T uv od∝r hema

i--,.

l dt taueens

Ji LLL 

hKeionst ttconcenraP
ff teren
i
d

L


'


hcp

Ftuaaa,

aan,

rayam

irayam

iY,.

Ya,.

TTk hn aeuc,.M.K ma Hi ndM. m o

K dh YHM.K d Hsnan on,.


dls


.

.K2.

1.
 

).4991(

s.ionitos

d lunerayer.ictmagne-on

iti d lcunerayerwtagne

yemetnslei fllonsoaoi l t tonanucuat
ipos
om

midfnedtareeer)u

m-lenonbtaSiaul loyng

)Th

ma l. Ahh q

un

)C

ma

iCper

)Ma

me

ma ∝o in t･ 

ACKNOWLEDGMENT 

enespromm

ig

il bcayer

b i CCRttsusraevaa or

itera

tgne

taom

beco

2

3

4

(

(

(

(プ matCPrOiltua y

%,y0ta2-71= 0I1 %)･ Th 

dt mp

7ta=

heaveragecoaroun
)
[C2(tcen

HkK,(iesi tcpropertgne

mwn52b tou

kw rrascaiswor
h
tfo

nahall taerssm

nfms(xliih
itc
tgne

Aprt

REFERENCES 

a


