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·we :hav,e studied h,o,w th,e fe:r11omagn.eti ,c transirio,n .an,d oth,er ·m.,agnetio 
properties v.ary with ,c ,o,nc,entrati,o,n. Data ,c,ollec·tedl has been .. analyzed, using· 
SigmaPlto,t .s1oftware, to, better ev.afiluate 11eduoedl dhn.ensi,o,nality ,effects. on th.e 
:magnetic; behavior ,o:flanthaiiurm strontium manga)nite (La t .xS.rxMn03 or 
LSMO•) ... Measurements us.mg 11etlec·tion :high-energy eleotro,n dlmffrac·ti,on 
(RHEED1) w,ere inc,ofjporatoo to verify th.at t'

.
he crystals. are hig:h . ,quality .. We 

th.en :m.eastwed the magnetic p,r,operties using om s�peroo,nducting Quanil:um 
lnrterfe11ence Device (SQUID•) magn,eto:m.e·ter .. T.h.ese magn,eti.c pro,perties 
:hav1e lbeen analyzed to deterrn�ne the ch,arac:teristics. of'the superlattice. Th.e 
primary ,go,afil :bas. involv,ed the :m,agnetic data c,ofilfil,ec·tion 8!!nd .. analysis ... Our 
analys:is. h,as. in.ves.tmgated. th,e major ferromagn,etic: pr,o,perties .and orb.er 
crn.alliities of 1!h.e san:mpl,es .. Critical temJ!er,ature, samr.ated magne·tic mo:m.enil:, 
remnant mo,ment, and .Bo:lr magneton v,ersus tein]Peratnre as well as the 
ferro,magn.etic to p,ararn.agneti,c tr.ansition temperaturJe hav,e lbeen studied mn 
dletai:l over a ,&atnJPle range of' Sr ,co,nc,entratio,n vailllues fto,m x = 101.04 to 101.20 1 .. 

T.his. has p,rovided a better insight into th.e rnnteresting ·behavi!or exhiibitedl at 
concentr.ationx = 0 .. 104, w:h.ere tb.e canted anr.ti-ferromagnetic. :pr,o,perties begin. 
to become a i;pparent in this d.opi:ng range 11:,lU])t arren;t .apparent .at higher do,pin:g 
(higher co,n,c,entrations.) .. Thanks. to th.e research grant provided by The Q,ffice 
of'Und.e:rgraduate Researic;h w1e have the helium. gas th.at is. ,es,�entiaJ fo,r 
producing the liquid hefilium needled. for more m,easurements that wm.ln 11:,e 
r:eq111mved to fine mn.e aiidl verify our ,data for sic.i,en.tific pulblic.ati,�)n. 

MB,E C:hsamoor used. to create s:amp,le:s: an.di. acmal photo o.f:Nffi:E chamber 

• Samp,les gr,oVffil using· Molecular Beam Ep,itaxy (MBE) .. 
• C.wefully c.ruibrated m.oill,ecuilla:r be.atl1Js ,o,:f c,o,ns.timent ele·ruents. produce thin 

fihns. ,one a!tomic. lay,er .at a thn.e .. 
• Constitu.ent elem.ents. SOTllificies. we ·h.eated in effusi10rf!J ,c.1e[fils to, ev.apo,r .ate 

·m.,aterial into the c.hambe:r, for-roin,g cofilfilima:ted. moleonilar 11:,eams ... 
• 0:zio,n,e w.as. intr,odrwced. m.to the c.hamJbe:r to forrn oxides, afilfilow.rnng· us. to :keep 

th,e c:hamber p,11es,sme :low (5 x 10·7 Torr) due to, OZiOne'.s. high ,oxidizing 

:po,tentiaJ. 

LSMOx= 0.04 LSMO x = 
,o,. 17 

lil . ··fl· I •• � ; H' ''gh:. E .. ·.· - . E1 1 .,.,,- ; .. D• ·.�,4·•. .,. .. m Ui::l'ED' )' ··.- - : ' . : t· lk. -· .•.. ' : 4., .• d - -' .,-- : . .�e11 ec ... 11,on . l _ nergy , . ei.;u.,on .i1J1LriU.s1.m,on \.1.:'!LL.U.:, . ·. tmia:ges a1 .en in s.:.iu unng 
th.e growth of'th.e fi.ihns indicate epitaxi,afil lay1er-iby-layer gr,o,wth .. RHEED im.ages 
drming the growth of'a s.upercell: (left) conc,entr.ationx = 0.1014, (center) 
conoentration x = 0. fil 7, and. (right) con.centr.ation x = 0.20 1• Swface reoo:nsttuc.ti.,ons 
olbserv,ed in RHEED1 piattems indicates well-str.ained. gr,owt:h .. and. the ap,propriate 
d.eg11ee of'octahedrafil distortions in the ,str.ained. ,superlatuce .. It also s:hows a nv,o­
dimensJ,o,nal ,s.urfilce molJ):hology. 
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Th.e behavior of'La ] .xSrJY:ln03, has been extensively d.ocumented in hulli: 
,crystals with. respect to tempemtlll)e .an,d strontiumi c,o,ncenrtrarion. 
Und.oped La1'-dl101

3 is. kn.own to 11:,e .a Mott in.s.tilato:r that .at higher 
tempera:tm)es has. par.amagnetio behav ior and ibeoo,mes antifierr:om,agneti.o 
at fil,o,w,er temperatmes ... In th.e range arOTmid x = 0.,4 La] .xSrJV:m.03 is .a 
pm1l(magnetic in.s.ull.aito:r .at higher temperat:twes. ibut aDt lower temper.atures 
it transitions to .a ferr,oltl8ign.e1ic. con.due.tor. This ferr,o,magn.eri,c-, 
,c,o,nctu.ctin,g state is kin.eti,c.ati.y fav,o,r.a1ble .ar-0urnd. x = 0 .. 4 at lower 
temperatooes because the ,do,uhfile ,exc;h.ange interaction afilfil,ows for the 
delocalizatlon ,of el,ec.tr,o,ns .acr,oss s.pmn aligned. :ma.ungaunesie atoms., 
11ediUJicino- free enef'M.I' 
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Th.e .above grllJl:hs sh.ow Bohr 1nagnet,o,n v1ers.us tempemtnlie. There is. a 
:fe:rrumagn,etic tr.ansition at .ar-0urnd. 21:8 K f7o,r the x = 101.200 con.centr.ation. 
.and. ,o,ne .at 16,01 K ·far the .x = 10 .. 1·6,7 con,c,entration. T.h.e sample :has 
paramagnetic beh.avio:r aJbove o:riticaill temperarurre. Th.e samples. at 

x ,= 0.2100, and.x = O.fil67 .are t7erro:magn,etic. at low« temper.amres .. Then 
they transition to pamma,gn,etic .at th,eir criti!c,ru temperaue, in,dicated. 
by T1> .and 11emain th.at w.ay .abo,v,e T-:.. This ,c.an be seen in t.h.e ,graph 
where µ.8, dr,o,ps off to zero,. 
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This. gr.ap,h 11epresents the B,o,hr 
m.agnetons jper ]..fu .. atom v,ers-us 
t,empe:ramve .. Th,ese p,Jots vnlfil mirror 
M ( eriru/ g) v,er.s:-rus temperat:twe 
gr.ap,hs, lbu:t with. these parameters., 
.als10• giv,e a glimJPSie into, wh.ether-or-• 
n,ot the samp,ie is in .. a canted 
.antife:rroma,gnetic ,state. This is .amt 
p1art ,o,f om m.agneti.c data analysis. 
.an,d there is. evidenc,e of the o�nDted . 

-
Caint�d 

A rrliJ.errnmia:gine lie 

'to 
UNF 
LMMWr...­

HOan..r,m,c.., 

' t 

. antife:rromagnetic behavior seen in. 
th,e gr.ap,h of x = 0.040. The low,er 
v.aiue ,o,f th .e ma:gnetizatioo. m. B,o,hr 
m.agnetons for the ,canted. 
.antiferroma,gnetic phase is. co,n.s,is.tent 
'With the partial c.anc,effling o,f th,e 
m.agnetic mom.ents ... 
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