
Physi.,cs 

iii ,Qur samples ·w,ere gr,o,w:n. using a technique 
kno,wn .as Mone,cul_ar Bea.011 Ep,itaxy (MBE). 

iii In. MB-E-, w,e util:iz,e ,carefilliy ,c.alilbr.ate,d 
molecular b earns ,o,f constitllJl,ent el ,ements to, 
p1rod.u.ce thin fihns one atomic lay ,er .at a 
time 

iii S,o,1!JlfCes ,o,f ili.e ,co,nstilme:n:t ,elem,ents .are 
heatejd in effusion ceils ·to• ,e,v.ruporat,e 
mat,erial into the ch.an:ibe,r, fo.r.n1in:g 
molecular be.ams. 
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Fig� 1 '(Left) A side viecw dl�agram. 
of an f\IBE chamber. (Rightt) A 
·ftontt vi,ew pictwe of the chamber 
med in. our gmwths:. 

iii In. oxide MBE, .a fom1 ,o,f oxygen is in:trodi.uced . into th,e ,chamber ro f'o,rm 
,o,xides. 

iii F,or our ,p,o,wths of L-a 1 .xSrxM·n03 � ozone was emp,loyed. as ,o,m sour,ce, ,o,f 
,o,xygen� all€lwing ·us t,o k,eep, the ,chamber· pr ,essw-,e low (5E-7 To,rr) ,du,e to, 
,o,zo.ne ''s high. ox.idizilng po,te:ntia1l. 

iii The behavio,r ,o,f La 1 . 

x1S:r�Mn03 h� been 
,e,xte,nsiveny ,d,o cl!ll'nem.ted. 
in bullk ,crystaJ!s wilili 
respect to, rempe:ramre 
and. strontium 
,conce.ntmtio:n .. 
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Un,d,o,ped LaMn03 is 
kno,wn to, be a Mott 

Fig. 3 (Top) Th,e phase ,rniagr�m o,fLru1 _,xS:r�:Mn03. in. 
'bulk. 1 (Botto1m) .Mocfuanism £or tlru,e dou·hn,e �xch�nge 

insulato,r th.at .rut high,er rumJJteractffion. 
temperatm'es has p1aratn,a:g-netic ·behavi,o-r and. beoo,me�s antiferrom.agt!l:eti,c at 
low,er temper.atur,es. 

iii In. th,e range ar,o,un ,d x=01.4 La ] _xSrx.tvln03 is a paramagn.etic insulator at 
higher remperamres b,nt .rut Lo,w,er temperatures it ttansitions to, .a 
ferromap,etic ,conductor� 

iii This f'e,rro,m,agnetic..,co,ndu,ctiing state, is kinetica1lly fav,o,r.aible aroun.d. x.=01.4 
at l,o-w,e,r temperatl!lres becau.se the ,d,o,ub,le ex,change in:te:raction a1llows for 
tlle ,deloca1lization of ,electro:ns acr,o-ss spi:in dig-ned. m.anganese ato,ms, 
redr.uc:ing fr,e,e, ,ertrn.,ergy. 

[1 ]IHembe:rg-er ,et al,. PRB 66, 0944-10 (2002). 
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Fig. 5: (Top,) Retl.eiction. h�gh. energy elflcb"on diffir.acti,o.n (RHEED) pautterns take.n d.urmg t1he groiWilth 
of eaich. saump:�e ,(x=01

, 
10.04� 01

• lO, i0.1'7,. 0,.:20,, 10.3 i0,. 0•.40•, 0.50) .. ,1)-fi,dldle) Th,e measure ,of fihn 
res:is��v.fility as a. fimctiow1 of·®empm-a.1Jli.l:re for each. s�mple. (BottO'm) Th,e me,aisiure of fihn magnetic 
fi,eld, ool�.ectoo. �n. a fi,eld 000,:�d,own, as a. funct�o,n. of-wmperaituro. for ,each saump:�e. 

• An .atomi,c fo.r,ce 
nncrosc,op,y s,crun w.as 
,d,one for the x=0.30 film. 
In this scan, ·figur ,e .4� 
terraces ,can be seen :in 
the swfaoe, mo:q,,hol ,ogy� 

h. ·h ·· · di' 
·· th Fig .. -_• 4 Atomic for oe w 1,c - ilS tfi 1ic.atlv,e 1 -,at 

microscoinv (.AFM)• the ·fi]lm ils ·fl.at and. r.1 

_ :image of the surfacie of 
str.a11ned to th,e su.b,str.ate. the x=0 .. 3 sampl,e .. • A,dclitil,on.aliy, R,efllectio•n high energy· electr;o,n 
,diffr:actil,on. •(RHEED), p,.attems taken near the end. 
,o,·f the ,growths, sbo-wn in figur;e 5, also• :indicate 
weln .. strarined gr,o,wth .and a 2 .. d:iimensiona1l surface 
morph,ology. 

iii From the film transpo,rt .and raagnetic dam, fi.gm-e 
5 d6 L 

. . .. 

h 
.. 

h _ run ... -� w,e ,c.an ,oti•serve, trans1t1ons m t · e m t •- e 
,enectronil,c and m.as;a,eti,c ,o,rderin:g of th,e samp,les. 

• S.amples x=01

, 0.,04, and ,0,.1,0, .ar·e sh,o-wn to, be 
insul_ators ove.r ili.e entir·e rempe,ratm,e, ran:ge 
measured, with mag"netic ord,e,ring in the x=O 
sarrip,le beJ,o,w ar,ound l,OOK andl below 1401K for. 
th.e x.;;;;;0.04 and 0.10 samples . 

iii In x=0,.2,0,, ,o,_3,0,, .aind 0.40 w,e ,o,l,,s,erve a ar,o-ood 
state conduc·ting behavior, whine insulating: 
behavior :is pr,esen:t below 5,0K iln x=0·.50· .and 
1·7,0,K m x=01

• l i 

A metaJ ... t,o, .. msnlato•r transiltio-n accompanied. by 
magnetic ,or,derin,g is observed. be1o•w around: 
21,0,K for x=01.17, 31,0K f'o,r x.=0,.2,0,, 4001K fo-r 
x=01.301

, .and 2-6101K fo,r x=0.501
• We aJ!SO· ,o,b,s,erve 

magnetic ,or,dering in x=01.4 be1o•w ar;o,ood 3201K 
thouah no m,etaJ .. t,o,�ilnsulato-r tr.ansiltion ils observ,ed 
wilthiin the m,e,asur;e0d ran:ge. 
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Fig. 6 lF:i:IDm .res:istfil.vilmy as 
,a fimctiow1 of tempera1Jli.l:re ... ... 
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fi O O 04 ·o ·1·0 o 11· ··, -.�. I ·. ! I , o.rx , . , ... , .. , 
10.201,. 01.301 10.401 �nd. o,_5,0 
oomp,:aim:,ed on. a :�,og scale. 


