
l l boecuareamlusngm
e-

2Was,Pc

ie

G

il l dtsngccrysaswereuse 

kfpeao)

ppldbyd

008 Mn
hetft tonsano
ls光-aac

ue 
irevous 

ave 
io

We,

n

h

t toncenra

fereo

if

itane

io

b

droceure.

trepara

le

tax

io

ip

a

dtraa

f

ff iuso

h


i

dtu

l l becuarea


inc

av

h

te

iqure

orw

t

tsa

ds etesmp so dlntep

kh eag ninMnc nd


oteMnd np Th r eh

r das yo ap no nfmsbyu


me y(MBE)

s-

is
ht
hi ltecnque n.

ht


-harac

ere 
eis

cranG
C lt t t tsrysasrucur
P,

･Torr
Gc Mn dMnPw

ra-niotreparateporo


).
 
io

paperw.

ingmo

it terza

Im

er nap nadX yc

p(001

dan)nGaAs(001

tn 

dusen 
iosng 

lqup

ihc

eco

i lona

Ii,ig

tonven

hln

how

ro

s


raw

il

tvaporae


h


it

dtu

)w,


i

hce

llces

h

r

-K

A s macd gOfteMBE e me

ntss ss nF nwyi ni ･ hMn 
dGeaee df m c Kn

s( eP2i dbyd mp

H.einkraciusn)inlh htuypospiar

use

an

llce

t ter

di

yb e(TBP gac gc

-asde

ourcel h hopuarposporouhhtantep ss

W Sasu2
)Pnan)Aas)G.
P
it
dP

(001 dT (001

lowyamassf

itta

sa,	

(
s.

dbyK一 ccll n

Thel ccc

f

a 
dtepore 

St

t

Ionsic

kpace

t trucur

lle,

btue

h

in

ln

P

f kcrac

dltr

lloow

l

t trucur･ 
ibttyroyc oro

h d itsoswas esgne,

PH3Thes eo gc wh hc SO

ap nn e(BN) dwihT

df gtes er

eC･ Th
idrequres

ha

droceur

tro

inkrac

teraure

･
 
b ltsusra


a

hf teor

byS Thec gp ei

etmp elwe n700ー

Biotios nofTP

1epeinkrachteraur

5r3

itn

te

8

mp eoftec gcllisk tat80-

Ct

oP2d

taxy
ip


lltonroeichfw hi dbsc
nioxenowntobelsst ca

eco

･】6trow

Ricenf

h

r

iurn


oassueane td mp

gteMBEg h【 

)50Mry2005(e20

olihPnofMnGe2tnRms

yMo mEl l Becuar eabrownG

olgneh bcaneasslC･hwi konpca.ff trac
i
dray
-
AnX	 dt

tciyrhl:cacopPGPe,

s
lnssum

hasessuc

ht
･1

S	

S dture econar.

Oltlpos na e(004
dtobcl3nma gI

yp ha

ÅfoP kea) Ca

ielpsup

dbyltgaetVSnebhsave ccnl

2T nFms

IIasahiIIK･ M i i )1J IITNa IIH･Yuktgasu a･Jogo･ 

il

nam

ih

tevaporaewerean･y(MBE)mc Mn dGchdot

2erS tepe29 mb	 004 

81as xihg
has
cdG lOL

l/8N IFbo er. .,Vn.Sm7lle1g

2.EXPERIMENTS 

ta

ltonro

lo
lltconroer.

ht

i ter
y 

twas 
energ

iont


I


iepos

-

efwreo
TBPisk

oc

I

;llpaxylbareaI･Om2GPc ccu mc Mn

5]L[a.t te

I 

nfmi)iht2

waIIA･Ko ki lla dK･S taontuunga

TlnlJb lh htayuyposp C(CtrC l tornposng

llCnd TTtccras

anfuxcsoborea

:

df mn Mnboscrvc

YWORDSMnEK

tr

sa

pty

he
b ･ttassusracs

ldat ytnear me
iMnGe2tnfmw

dc eSuc
hP

boserve

i lorcnc

( I〟2 0AL 004	

GPcMni fonsor

I Sgu

it

2Vビ

h dcon


Ie

trow


Re

G

lde･Pe0Ec,

recausiott tenlntt tracb

3Do dt

eena ga nb eo

i fpngo

hasd tconucors

]･ 
ave 
12,

2

i 【smtgne

.h

e

iltera.
 
)
trong


P

4･.

h

ihlltua

3rocess
dtu

ig

leitea

io

Fo

tprepara

Mn np 【 】
rd ds yofteMnGe2ma

nofh hq ytnMmsiss yrl 

io一-depos-

SeOSuV lar mト 

-gma

iaser 
I.GaAs mp, 

d to bee

-ug

-

heiurn

n

iurn

i itnane

o

.

h teae

io

htooe

b tserva

ltrysa

ra

P

-

tn

l it trysaconsse

rom

lt t trysasrucur


L't


n

'

asure


tgese


ya


ug

foun

)

las

h htta

S(

t

donaZ Ge2C da

db ntnSLLX yp missins

XP me me eMn

dc dofMnGeadP

os df tr

n(RHEED)O nd gd

ec ewasma dd gt

2 
-

twasl.

gN MoInvenlI7Lncorpor

telyr
il

hlacop

lIt tasnoitonirans me

ed tconucor

dope-

ek

hatepore

itilbepssi ytomaesmi sfrroo

i Wer dt tMnc,

ht

tne pey-
Vt
Tl
d J V2t

he 
ac

ittuo

ht

i

ltas.

btus

ef ts

noft

Ptacttas

lt

iotn me ･I n f .MnGe

ytpecroscop

PnnPltrysasltyrhlcacop eC ,CdGe2adZ Ge

ehefurachdattes ew nMnlSd

~004t C

･g,e

oerr

iltera

Ttauernpoo

tare

hsownar m t er ef

Comp dwihllトV ma s(･
ma

taxicp

oun

lte

er

Olrans

fco

ltrysa

tillb

-

O

V

tncorpora

ln

)tec.

tges

t

.ⅠトI V2C sw ef

oi	 e3dt nme

gapSSi yO mp es

A トgrcu.fCStr.Vln yOTkoyE i･orngncerng.G d LShrauaecl oo一 oU

ihgiotCene nh

Japan58-84K ITk 1y ogane oyo. .h lecnoog 88.

TIZO 

ppournaouronunooooranananuarrnareccccccccccsssmmlfSllllllSSSfihhyyyTggdtttttVOIOOMIM

fS
000
Io

7 ls/1
JllOorn
D 1to.

)1

()))))JJNJJJJNNCYY氾9いvv･5558-
∝021422211143..
α

ylIllVJ tucEupercon

MnGeP

v･ i r 2Y･ KaInov

basT･Ihjs

Sm

894O

NTRODUCT10N11.

iransteby3d t

htffuracohthtat etps eo

orseemstobef me

005 4181512-

Eliin s

itpose

ted lepos

ioff tracld

isIト 

l CarnMdc<<eBu111<L･C+neS SIprmgcrc(0イ02/0
05
T/ 0 れ77/ 200くO仰 9H LL

77

)R ･tussa.0294Pl beersurISttue.ltns=CaT hlecnIco g1
lurean
0l hrcpys2-

dT
i



2､hl9h1 004OMn arclf ltycncversS0032,J 1anuary45OW21YN-CSOl85OYNJS
)
CSOJ

中1

er yl m(SM tagnclN ltncorporamgoveiitvdtconucJ l Sournaorup

OZI･ 

dStuan,ikou

42

Kangawa,(Irnoy,

11･ 

tao 

orr

.
dn 

.

0-

ereuse
n

.

.
l

an

1
5
4

-

tew

342

ta

fteraureso

ow reb d90×1een1 9T

6ad20sccm
Cw da

anf

.n
dbeh ltsou

h
i

o
btuih tger 
ha

ftep

nMnadGe

I
l
l Ttnaerro
OTtvapoa

lvau 
xper 

itxac
ne

mee We 

ionitos

拷-

ilatar

7】 

dasure 

p

n
d

ttae

ty(

leba
l den 
h 

b-
how
h itaznc
bserve

ni D psIamsnT me

di ZB) eGent P【 
-1respec.T

nOfMn 

h htareacesasltoapressur
hoiurn

un 
t

To

tn
l d fseveraorerso

inkta
ma


gIoacco

at et


rrddn 3Sgg
2a

bovetas,tta1trownco.
a

9i-ang0h
ht

.btoro

rar
repare
tew
To


er
8
~
iare0


ic

an
hw

1wa.


dMnGe eo
hw ep dwl esmp

sv db een64×1 dGe nreaGe8×1 rrf hMn hg hr

Pl GmsonlFtnhT

0

o

ecauses 
fo

itevae

wb m仙x eo

n.

o
e

r 
ea一o

h fereore.

he


wa

leasurn
(cases.一l

sd dfmi Thecmp

gt m 1b
ar 1

2anl#les d#

1019-e-

081-

0n1tC lMomposn. 
G:c

tyse

iht

ur

inteerm

2i.

ir

o

o
ftwasnocon

ure

lcou

press

medwi na
dntd eane

fP no MBEs m, 

･htrowwXR 

hdtueign

P 

XCl Cltayqupmnlp

0aiiotd iepos ntmews9

le
ifsoun
a
t

h
il lvey.
i
tionsitos
ntesmp ss

dt

)D(cpoTlre)(C Sb lltusracs(Aash"Pnowsccm(Blae 001) T ) ll mn

Mi i, h miSuasa,Y,tagasuJ Nogo,nami,b hasilhs87

te

ea
h

Sbttusrae

an
mc

dteTBPn

mp

l
ierrornm

To

Mn/Ge

rr･ na

_ 

f l 一bourmoecuarh lld lOecmacrawng

41
las 
Oigures

ihg
F

h

iontra
-
tn, 
n 

asure
lsneasure

tspecroscoptparaus. 
ray-

p

me me
eX em du ga

EM a

∩. 
#4 

AsFi･g

)(

･ 

l wereprep 
dbtt areonusrae

1

y 
ms

)s sb GaAs001
iGn
h
t2

TTorr(enux ) r

hitecnque 

y(EDX) 

-heciotevapora-o nl
naPfMnGeヱW SmO

tyilnlltrysa

erEt
iton
ios LRHEEDsw

n 
I

repare
h 一cem a co

li

iS

itse

h

hose 
Sion

r

tdoni

nf ditan

bttsusraeswereuse)

S tow

(
asure

3.RE 

ULTSANDDIhc soCUS ONGr ft

dt msp
me dbyEDX ael ii c mpd n 
GaAs001 df

roc 
'te

ac
ns sso

n
ff itracoi

OSnrolltC donhtrow √

8 

teff tracoira-X
P ter
'
Xpe
i tpsyl yd me r. 

dn

nl #es

le
Tba

bto


ors 
ao 

rsafuxo

sIa
)f mp

mp 5tdGhMna o#

to1l #es

leTba LG

Torr(Mnnux ) G

(
Thec

XRD)


-
0 

･Th hptegrow

py

-

dIp001(

Ild usngan 
o

i isperso

ca


m

Chmilcmp
yd nt


e


lnque
tore

energ


an

i


a

h

ihP

httaace

? lwsanayze
lusnga

dtoteS

dbyXィ yd

nixperihtse me

MnGeP

(Pn
be ea

an,
l.J

l
le
ba

iTbn a
hsow
hsown

ni eI 001nT dl
Th mR

8t×1

S lampe



-
-

79 

M2h9t0Mn arch1 ,CH 1evcrs
llfye
S
4
112.0032.2U 1maryJ415… 2(YN-Josc8-O5YNSJISCSm(JOLM IagncN Itngovc(ylncorporailtvJ l S dlournaorupcrconuc

OZlT.P

Xh 

din-on

-e

-om 

mp-b itttusraes n,2PGe WihI

h 
fMna ta 
h fesuracehathtatt teerteSb nt

sare 
rsec 

dn 

tnaei iscrtta

fereorew,

btusr

pre

taac,

up

luxe

de

ttam

lnb hPs el ittusraeswos ecc.

･ 
i tt tsa ceconsanas 

一d bera

h fCo

bttusra
ea

]h l it ter er ceanng,
d1r-

Ca

he

icons

ltsna

f forsa

lt

ha
tHrnsprepare

reepare

ereaso

t
iw

n

httaa

i

bus

nO yb ml

nGaAsTh eb
ht meldonIps ae

As no
eems ys ssedc

epcmidonGaMnAss

Th nmaybelPs el
db mf so

nttre Ga nfAs m l RHEED 

peeeecaaus lS 

ioT SSt tae egrega.btsus

Otn 
PG:c


C llompos


･-192･1.
:-91.12.
1
:

5:
40:

∩9. ㌧

I-

OO))SbLlusraes(l JPmsonni
lFn
h
fTor
OSn
llt
C don
htrowLGlleTba

(-Deplow
sccm
fP

( M:n)lmn(

I

nbttsusrahtfo eGaAs ea

htant

arger

fo

c

ms donlion

iit tsaneve

lt

smuhl

ilf

l

GaAsprepare

T,h(C) lu

J

ime

4
↓
3
4 

)

ilfhebo diserve
hgrow

donaryp

i

hasess

hthtat nfmsnt
nonteGa

yo

n

mmdTT.

一 Lttargera

toower
bs.

f ha os

･it fhhl torpoog

harr
lPn

〆 

pparee

ha

ttpa
bttee

pos 

t

ha

tm

50000678
2

..3

(d)g

sl

nw hGaAs

tOdwiht

GeaeJ Psens fT

yrtaaontthfGA

no

Theeeetarr

gFiXRD llcrnrrrnnnSPCPCapa qooth

o
i 

du 

Ju 

..O 

(s
d
uTt))

..o(s
d
u
)
^ A)!

aluJu

nsuu
が 

I 

du 
no 
b 

taxyip

0
0
0
0 

) rtaeTorr(cnux
BT

ocmp ys ssa 

he 
1只 

P A.
.

up
h

hnttenwe
01×11

dfrM∩ ト 

pre
lidf n伝 rt ms 

han
o

o
l ltee
e

easurem
l tsower
bserve

press
o

iesi dtcsutgne

furace.bttusrahac otes esh
Th ki

il tcuar
ssopeahefto

i daxsperpen-
itonipos


t
e

lw

ess
n1x1 8Trr･ ssino

MnGe MnPadMnGe nto 

donIps su gb m月 sl

mp ma

uxe

3 karenow

ealsn
f

for
5

opre
torance
n

bttusrae
Sup
i

o
m

h h ilpasesasacruca
2because,

-0

P

prepare
hat

fo

es deconaryhest

mEIcaJJ Jarltec

-リ×1009
片一Oxl

)×1
4 xlO~9 

O
0

1.

9(

6

0-

wf mtma ma mp
ea rom 

rown 

Onteo rh ad np kf

P

teraure. 
io

MnGe2i da
ssuml tt eMnGeZigt ec sg

ff trac
e
i

lyrt

troo
dan.

hlacop

is
tgne
he

h


t

fsoun

ha


o
h


err

P
n


hso

a
)80(0

kpea)

80 
(00 1)Aas

7060are
le

degrr
lTbownna
50(lmsihh tea40ttaernsor

bLlsusrac
R
菩2.
Fi Dp 2Tll p peee)donG1X nf

ssh I

(htel tcoseo 002

) GT√or(MnnuxS lampc

×)
× 10-9 

065.
64.

9~

slblsaee4. hi daichw60,
6
t

MnGe ThnFmsGr nbyMoowil
i
Z
P

9
8 

×1
ox 1

0
0

09
l

nn dbyXRDm
m R fMnadGei

A smi elrf SO
n
teaurla

b dtteeece
uxeso

i

to

.

ca
bea
Torr

hi ed ttB lcuiftiquisthougt
nofMn ssti upPi.iotsegrega

3020

l!S
Ualu
一 

200034 



004L9h1h2lll Mt tyereverson arcS)L12005Januar451CXX)2NY-N3osc-85OYNJS

日Z 
yT 鳩N m( C)SOJM llagnesIovclltncorporaiityOdlnuc
C
TCPj

O 
J l Sournaor

♭

l

Layaa,ihsT.bhaslhsln.kddcve T I t ･N t .K H

IllTa,tj dS

42

K K ky angawa ou, ,

日･ 

lao 

ltshdt tuuner

ilteras 
iearrb

F Ntuure an

as

"tec
 

Th kh eenc do e2iswor

jCOBP oMaro dnfo'' TUATa
fciiSi torcen
fiotrohtoritoceaparoResearc

Sicence. 
hfmJ nS yf eP mo no

0 dcs. ..10TTama1

press

]0

lao.l dan.
bhas
l KS
･wangi,kb haayastk kazaarma.･dDa.ihs DS KO JO J1H

dnrelnInnoYeeoc.JapanesSL 1ao. .

REFERENCES 

1K n eR hfrP eerg Tmaya
M Tt tasumoo.･Ty,

216-9

･ 

8.hyAp/P

n

p

bcaaugH d Acncrson.･S･ 

s3

･CS hadJY 

Pan,､MnGe dMn
upiequrern1x10-8Trraer dtoso

-itan nhbtartporedinp yt AieGr dfsup

lan,rlm.
kSar.

one.
.

ha.C.
Kll YPkccrson aran. .. .

3
hlo,

)
)

2


Y ICang.
lRsug.

( 7869
Cho. .

96,

73

1

7JO
, ト9 

8S SC GB SCH YK A∫FccTT
Ja dHMP n

0

n.Ct o.TL
IS.
Il mmu

P
Gelsst

S 

syp haGehasessuc

ACKNOWLEDGMENT

hae
dseconar

lr
L
C len
t
Y
L
]
hO dun
P
lln, sm te2

19Ptar,･pJopn. .tSa. J p̂lPh t†3 2[

lV.hI66
bhaslhs


∫rv

C.SlOr

tao.
T I L T NS

IC TGmw .0

evhviP.hOgu･T
l
dl Tana.ccTT c ∫R

daaan.lk TWtraaa..hl SSzawa..Tka dN Y

lh23

T k Ranaa.･kawaan.
l
INTTa･ dY evP
]353012lo

hsin.k
lOlGAMddmr evc,..
j
u TJ

-

CI･SDPCJこt DDN
In,JheC･hSy m･ 

.H Jascgawap. .
(

an
kura
l)u
ZOO

. dH nJ
).S

851L-151L 日999) 

342-1PTk 2oyo. .APt(derions 00)228

b,Yu mimoSasa,UStaga

0r71iTMu/ yC

)1(66364.1lroG･llo∫trr ",hl 44 992. 

k K Hm. .ddcvc

YHascgawaan. .
2G･A･M 

dK

3G,A M
h an.doevo

. 
G V dKS
(2002)

2027011.

(2(仰) ).159L-949L

I

HF
ATl Jt
Bea

5HSia.. .
l【 

AI
Pa

6E･ mTLT

AF
e
llSR Ly ev. ,


HOu. .
･

P

4YI

tt9

)MKC2(316-9

_ 

r
)2(1

cng.
02

TG
102-202

hao
0132,

9YZ W･ A∫F
B 6 001

Mi mjJ Nogo, ,nai,b hasiIhs08

sw eu dwheGAss sw

Th

erebttusraea
l
iseerbttsusrae

･ d- reay.lepnon

) 
t tonsan 

(

3

001

0nm, 

-eas

Ge mi dtone

bff l fo uerayerso 

idtseer2P

-

-re7nm,
h ftao 

2I1.
i lt etotsnocosit
b】 tu,
8【I/tea

-

hbff l i 一teuerayerssrongyf tereore,

･tureCtru

dtaeasidcan
GellV2-

Gei dsagoohtad tericons

ayercan)bffuer
di mcmp dtareotnoursyselbyeusei

ltecosei l i isvauesqu
ot eMn

MnGe 6nm, dt yby 
ac nr dbyZh

illcah teoreitcedpre
ao

in

1

h f l llt taopoycrysa
tpore

之.
il Jt toacua epore

P

t C2.PeG

fferThedi].[9I/7Lte
fferenceihdebd ttyeueo

i dtorenei dtanebo

gl ec
t trucur s 

･ 
een ma


nad eeo nt
 lt t trysasrucure
hap dc eier yo esIrIyhJacop

h
drere

h dteseaa
f d iorern

l

t

f tec
egr
btenceew

houg
i
t

Iecp
d dt trucureorere. 

leveae
yo ds Thes･t trucure

ds nb dber yarreca.t trucu
drere

dt

i dsorere
f Hperec
dor

croscopean,
-ltecrootaransmissine nm1l dpnganp

Al-

avlltna

ssu

tt esmp so de me yh ealxperitane
b
le
a
hes

a

hta

We
ab eGel oHSC

ma daGe
tO ilngena

ilterasan.
ff l buerayer ecaus.

telyr

idrequre.

hlcacop

-

Th Mn

3i 008 nH Th
-

ts ne.

i ft tceconsano

)

lttea

11.
(

bec
he

0mm assumlgt ko dinFig.bservehepean3

As

11.
ictta

dGa
･Th el ec
dtobec

ttR lcu ocfiidsti lon.l ltacua

ion,l tgad i tareunernveshey

hdoti

UMMARY 

We

bttsusraesbyMIE me

4S.

-

nP(001)a

ioff tracid

Ga lPsorn.A

710.

medintech

fHssuy
n

su
Iiih

cce
MnGe2tnfmsontP

C-

maiceHttrocaa

dn 
ltyr

fuxeso
hlacop
ea

ne

o
i torene
l

teer

iaxs
ht taexre

a

-h

P

n

ifsoun


fMnGe2WSd mi

t

o

a
l
ssumigtec dc eS


dt meylwb mn Mna


have

dbyCho




