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Th e m agnet i c and t ran sport prop erties of epita xia l La 2 = 3 Pb1 = 3 C uO3

thin Ùlms deposited on SrLa GaO 4 substrate using dc magnetron sputtering
techni que are rep orted . T he giant magnetoresistan ce e˜ect (of about 50%

at magnetic Ùeld of 1 T ) w as observed near the Curie temp erature. Several
mechanisms resp onsibl e for temp erature dependence of resistivit y are dis-
cussed. T he e˜ect of annealin g was studied. I t shif ted the Curie temp erature

to the low er value, probably , b ecause of the loss of oxygen.

PACS numb ers: 75.30. {m, 72.15.Gd, 75.70.Pa

1. I n t rod uct io n

The R 2= 3A 1= 3Mn O3 (R = rare earth, A = alkali ne earth or lead) com pounds
often exhi bi t a large m agnetoresistance associated wi th a m etal { insul ator tra nsi-
ti on, whi ch can ta ke pl ace at tem peratures from about 30 K to above tha n 300 K
[1{ 5]. Interest in the perovski te mangani tes has considerabl y increased since thei r
fabri cati on as epi taxi al thi n Ùlm s [6]. Unti l recentl y, much of the experi menta l work
on the m angani tes has been devoted to the compounds La 2= 3A 1= 3MnO 3 wi th A
being alkaline earth, whi le the properti es of epi taxi al La2 = 3Pb1= 3 MnO 3 Ùlm s have
not yet been reported. At the same ti m e it has to be menti oned tha t the gi -
ant magnetoresistance wa s observed a long ti m e ago [7] in La 1 À x Pb x MnO 3 sing le
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crysta ls. Thi s m ateri al is uni que am ong the m angani tes since for 0 :2 6 < x < 0 : 4

the Curi e temperature is above 320 K. Recentl y, i t has been shown [8{ 10] using
m agneti c resonance techni que tha t the magneti c m ixed-phase state takes place in
La 0 :7Pb 0 :3MnO 3 sing le crysta ls in the vi cini ty of Tc .

2 . E x per i m en t a l

W e present in thi s paper the measurements of electri c tra nsport and m ag-
neti c properti esof epita xi al La 2= 3Pb1= 3MnO 3 thi n ( ¤ 2 0 0 0 ¡A) Ùlms. The Ùlms were
grown in 15 mT orr argon{ oxygen m ixture (1:1) by dc m agnetro n sputteri ng at de-
positi on rate of ¤ nm / s, plasma current of 100 mA, and substra te-to -ta rget
di stance of 7 cm. The ta rget of nominal stoichi ometry was fabri cated by reacti on
of high puri ty com ponent oxi des at C (36 h) fol lowed by gri nding, pressing
into disk form ( m m ) and sinteri ng at C (10 h). X- ray di ˜ra cti on
m easurements indi cate a single-phase ortho rombi call y distorted perovski te struc-
ture of the Ùlm s. The Ùlm s were grown on (001)- oriented SrLa GaO substra tes
at a tem perature sub 675 C. Af ter a depositi on the Ùlms were cooled to room
tem perature in oxyg en (250 Torr) at the rate of 5 K/ min. Next, one of the studi ed
Ùlms was annealed at C for 3 h in oxygen Ûow. The crysta l ori enta ti on of the
studi ed Ùlm s was determ ined by X- ray di ˜ra cti on m easurements. The Ùlm s were
found to be (100)-ori ented and to exhi bi t epita xi al in-plane al ignm ent.

The electri cal resistance of the sam ples was m easured as a functi on of tem -
perature and magneti c Ùeld usi ng a standard f our-pro be dc techni que. The mea-
surements were perform ed wi th the externa l Ùeld appl ied para llel to the current
di recti on. Ma gneti zati on wa s measured in a m agneti c Ùeld up to 5 T over a tem -
perature range of 5{ 300 K using a SQUID m agneto meter (MPMS- 5, Quantum
D esign).

3 . R esul t s an d d iscu ssio n

The temperature dependences of m agneti zati on in an appl ied Ùeld of
0.1 T, for the as deposited and annealed sam ples, are shown in Fi g. 1. The ferro-
m agneti c Curi e tem perature c was determ ined by l inear extra polati on of a m axi -
m al slope of the data to zero. Usi ng thi s pro cedure we obta ined c 211 K
for the as deposited Ùlm and c 176 K for the annealed Ùlm . The obta ined val -
ues of c are consi derabl y smal ler tha n c 355 K reported f or La0 : 7Pb0 :3 MnO 3

sing le crysta l [7]. The shift of c to lower tem peratures after anneal ing is also qui te
unexp ected. It is in contra st to wha t is observed for La 2= 3Ca1 = 3MnO 3 Ùlm s de-
posited on La Al O [11]. A possibl e expl anati on of both e˜ects should, probabl y, be
related to the oxygen deÙciency. Simil ar e˜ect was observed in La 0 :6 Pb0 :4 MnO 3 £

thi n Ùlms [12].
The tem perature dependences of the resisti vi ty both for the as de-

posited and annealed Ùlms are shown in Fi g. 2. The m aximum of resistivi ty occurs
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Fig. 1. Magneti zatio n vs. temp erature for as dep osited (Â ) and annealed ( £ ) Ùlms.

Fig. 2. Resistiv ity vs. temp erature for as deposited (r ) and annealed (£ ) Ùlms. T he

lines present least squares Ùts: continuous | small polaron hopping model, dashed |

semiconducto r mo del.

very close to T c determ ined from the m agneti zati on measurements. One can see
tha t the drop in £ below T c i s qui te sharp, whi le above T c i t i s m uch less pro-
nounced. Thi s is caused by di ˜erent m echanisms being responsibl e for the scatter-
ing pro cessesin the tem perature ranges below and above Tc . W e have considered
here two tra nsport m echani sms for c : (i ) semiconducto r- l ike m echanism [13]
(see Ùt 1 in Fi g. 2) and (i i ) hopping of smal l polarons in adiabati c regim e (see
Ùt 2 in Fi g. 2). The resisti vi ty in the frame of hoppi ng of small polaron model in
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adi abati c regime is described by

£ ( T ) = T exp

˚
E a

k T

Ç

; (1)

where E a i s the acti vati on energy. The acti vati on energy determ ined as parameter
of the Ùtti ng procedure wa s found to be 113 m eV and 100 m eV for as deposited
and annealed Ùlm, respectivel y.

Fig. 3. C orrelation betw een resistivity and magnetization for as deposited ( ) and

annealed ( ) Ùlms. The lines present Ùts of Eq. (3) to exp erimental data. Fitting pa-

rameters 1013 and 7756, and 6.48 for the as dep osited and annealed

Ùlms, resp ectively .

For the ferro magneti c region c we have conÙrmed the exi stence of an
interesti ng correl ati on between m agneti zati on and , whi ch was observed
in La0 7Ca0 3MnO 3 thi n Ùlms [14], and can be expressed as

m exp (2)

where and m are Ùtti ng param eters. It is suggested in R ef. [14] tha t the tra ns-
port below c described by Eq. (2) involves quasiparti cle hoppi ng. By tra nsform ing
Eq. (2) to

m exp (3)

i t can be shown (see Fi g. 3) tha t Eq. (3) describes correctl y experim ental resul ts
both for the as deposited and annealed Ùlm s wi th pra cti cal ly the sam e values of
parameter (6.43 and 6.48, respecti vely).

The tem perature dependences of the m agneto resistance e˜ect ,
in the m agneti c Ùeld of 1 T, are shown in Fi g. 4, both for the as deposited and
annealed Ùlm s.
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Fig. 4. Magnetoresistan ce e˜ect vs. temp erature for both studied Ùlms.

The resul ts presented in thi s paper conÙrm the im porta nt ro le of quasiparti -
cl es in the determ inati on of magneti c and tra nsport properti es of the investigated
Ùlms.

T o summari ze, we have found giant m agneto resistance e˜ect in
La 2= 3Pb1= 3 MnO 3 Ùlms deposited on SrLa GaO4 substra te. We suggest tha t the
m echani sm responsible for thi s e˜ect is related to the di ˜erent ro les played by
quasiparti cles below and above the Curi e temperature.
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