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Abstract 

A new liquid source CVD process has been developed in order Io control precisely the amount of organometallic precu~r  
vapours to be produced. Using this technique, thin lilms of self-doped La t ~, MnO~ o. ~ have been deposited on MgO (1(10) and 
LaAIO3 1012) single crystals with various x values: x = 0, I),116, 0.09, 0.20 and I).25. X-ray diffraction measuremem,: reveal an 
epitaxial growth on the two kinds of substrates. The as-deposited films exhibit ferromagnetic transitions at various 
temperatures depending on the x value. Different electrical behaviours are observed depending on x. A semiconductor/metal 
transition is obtained for samples with the highest x value. Magnetoresistance of the most lacunar as.deposited film has ~en  
measured: a GMR effect of 25% per tesla (T) is obtained at 1911 K. @ 1997 Elsevier Science S.A, 
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I. Introduction 

Lanthanum manganese oxides, with the general 
formula La~_,A,MnO~o,~ where A is a substituting 
cation, are of great interest because of the giant 
magnetoresistive (GMR) properties obtained when 
x > 0.1. The potential application:; of such properties 
are as magnetoresistive heads for high-density mag- 
netic recording [!] and as magnetic sensors [2]. 

These compounds, where A is generally a divalent 
cation 13=6] (A ~ Ca, St, Ba, Pb) or more rarely a 
monovalent one [7,81 (A ~ Ag, K, Rb), are known to 
exhibit a paramagnetic/ferromagnetic transition 
(temperature ?~ ) and a semi-conductor/metal transi- 
tion (temperature t,,) with, generally, tc ch~se to °11,. 
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Indeed the substitution of laml~hanum by cations of 
lower valency maintains the perovskite ~tructure and 
induces a mixed valency of manganese {Mn ~* and 
Mn 4=' ) responsible for the magnetic doubleoexchal~g¢ 
and thus for magnetoresistive properties. 

Despite their interest, there have only been a few 
reports in the literature on lacunar lanthanum man° 
ganite thin.films of general formula La~==,MnO=~ ~. 
Vacancies on the lanthanum site induce mixed 
Mn,~'=Mn ~* valency like in divalent or monovalent 
substituted materials and a magnetoresistive effect is 
consequently obsetwed in these compounds. Manohao 
ran et al. obtained a giant magnetoresistanc¢ A p/p. 

85% at 210 K under {~ T in cubic La.~7Mr!O~=:,~ 
films grown by pulsed laser deposition on LaA!O~ 
substrates [~)]. More recently Gupta et al, have re° 
ported an interesting value of GMR at room tempcrao 
ture with Ap /p ,  ~55% at 3It() K under 4 T in 
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La. 7~MnO3 ~. ,~ films a l~  grown by pulsed laser depo- 
sition on SrTiO~ [10]. To our knowledge the chemical 
vapour deposition technique has never been used to 
synthesize such films. 

2. ~periments 

Films of com~sition La~ _, MnO.~ _ ,s with various x 
values have ~ e n  synthesized by using a new liquid 
~urce MOCVD process. The technological applica- 
tion of CVD requires the generation of highly 
stablilizcd vapour pressure of chemical compounds 
invoMng the elements which compose the layers; for 
~me  elements the precursors cu~tcntly in use are 
thermally unstable and their volatility depends on the 
preparation procedure. The new process presented 
here [1 I] is ba~d on the injection of micro-amounts 
of precursors dissolved in a convenient solvent. The 
volume injected is determined by the opening time of 
the injector (typically a few milliseconds) which en- 
sures a very high reproducibility of the quantity of 
precur~rs injected and then of the vapour pressure. 
Several injectors can be simultaneously used for mul- 
tilayers or for materials c o m ~ d  with two or three 
elements. 

Fig, 1 presents the horizontal shaped reactor used 
for the deposition of our films, Tris ltetramethyl- 

heptanedionato) lanthanum and tris (tetramethyl- 
heptanedionato) manganese, La(thd)~ and Mn(thd).~, 
are used as precursors. They are dissolved in 1,2-di- 
methox.wethane as solvent and kept in a hermetically 
closed vessel pressurized under 1.5 bar of pure argon 
and connected to the injector. 

Droplets of few microliters (typically 5 /.d) are 
sequentially injected on a stainless steel porous belt 
lying on an oven which can be heated or not depend- 
ing on the volatility of the solvent at the working 
pressure. The solvent which is immediately evap- 
orated is in situ eliminated and the solid precursors 
deposited on the belt are mechanically transported 
into an evaporation zone (Fig. 1). The evaporated 
precursors are then carried by a mixture of O.,/Ar 
gases into a conventional hot-wall CVD reactor. Films 
growth was performed ander the conditions given in 
Table I. 

3. Results and discussion 

3. I. Comlu~sition aml morpholoD, of the fihns 

~to,  MnOo~ = ~ tiims of different compositions were 
grown simultaneously on MgO (100) and LaAIO~ 
(102) single crystals. All the films are 0.5 x 0.5 cm" 
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Table 2 
Sources and films compositions 

(La/Mn),,~ (La/Mn)~. (La/Mn)~,t 
by WDS by EDS in the source 

0.75 0.78 0.93 
0.80 (|.82 0.97 
0.91 0.02 1.05 
0.94 0.96 1.10 
1.00 1.08 1.25 

squares and exhibit a black mirror surface. The atomic 
ratio (La/Mn)at in the film was determined by wave- 
length dispersive spectrometry (WDS) and by energy 
dispersive spectrometu, (EDS) but no direct measure- 
ment of oxygen has been carried out. Table 2 shows 
the relationship between the source and the film 
compositions. 

We can note that the lanthanum content in the 
films is always smaller than that of the liquid source 
under the growth conditions we used. The La/Mn 
ratios given by WDS and EDS are very close. In the 
following we will consider the compositions given by 
the WDS to describe the films and Mn content will be 
normalized to 1 (Lao.7~MnOa_ ~, La,.~,MnO.a_ ~...). 

The thickness which has been evaluated by cr~s- 
views on a scanning electron microsco~ is appro~- 
mately the same for each film between 5 ~  and 5 ~  
A. Figs. 2a,b, respectively, show a cross-view and the 
surface of Laq~.75MnO~_ ~ o n  L a A I O  3. 

3.Z Stnwnlrai characterizations 

Figs. 3a,b, respectively display X-ray diffraction pat- 
terns of LaomMnO3_ ~ on MgO and ~ O  3 m the 
0/20 scanning mode (Ac~ = 1.54056 A). Only the 
(00 / )  diffraction lines of the phase are present for 
films grown on LaAIO3 substrates (200000 counts for 
the 004 peak). Small (0,(ze) peaks are also observed 
for films grown on MgO (150000 counts for the 
peak) which evidences two kinds of textured LMO 
crystallites on this substrate. 

This indicates a highly oriented film with the c-axis 
perpendicular to the plane of the substrate which is 
observed for each value of x. A more complete study 
using a four-circles diffractometer reveals that the 
crystal symmetry is cubic with a lattice constant a -- 
2a, where a,  is the unit-cell constant of the basic 
perovskite structure: this may be due to a tilt of the 
oxygen octahedra in the structure whose study is in 
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Fig. 3. X-ray spectra of La . . i  MnO~ ~ ,, on LaAIO~ and MgO. 
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Table 3 
Variallio,n or the cell parameter ~ilh ~ in La~ , M n O ~  ,~ lilms 

3.3, ~hLt,,m, tic am/eh,ctrical behat,iom" 

x vah|¢ Cubic parameter a 

{~ 7.79h12 ) 
1[|~{~ 7.7t)2( 2 ) 
tL/~ 7.7(,(~(2) 

I].211 7,75~2) 
I}25 7.750C) 

progress, The rocking curves on the (0041 peak of 
La~o~MnO~,~ have a full width at half maximum 
{FWHM) of 0o71 ° for films on LaAIO~ and 1.59 ° on 
MgO. We observe on the different 0/20 patterns a 
small but constant variation of the positions of the 
LMO diffraction lines with x so that the lattice con- 
slant of the LMO phase decreases with increasing x 
as shown in Table 3. 

A texture diffractometer was used in order to de- 
~errnine the epitaxiai relationships between the LMO 
phase and the two kinds of substrates. Fig. 4a displays 
¢-~ans peribrmed on the (0111 diffraction lines on 
LMO and MgO for X ~ 45°: the alignment of the 
poles leads to the following epitaxy: (IIX})tMO 
/ I ( I I K I ) s l l o  a n d  < ( } l { I ) l M O / / ( 0 1 l J ) M ~ t l .  The same 
measuremenls achieved on films deposited on LaAIOa 
[l~)!es 10111 of LMO and (I 1111 of L;IAIO~] also reveld 
an epi!axy wilh (ll}!l)~s~o//<l!lll)~,ai(1, and 
<0101, ~to//<02])~ ~,:~,,~, lFig. 4b). The FWHM of the 
pe~ks of the ¢oSCan~ ~re, |~;~ ! ~c!|v¢ly, !,3" ;~nd 2,5" for 

The h|llic~ mismatch between La,,,,~MnO~ ,, ~tnd 
bAiO~ i~ only 2~5~ ag~dnsl 7,0G for MBO, From 
the,~¢ ~rLl¢lul~al studies we can conclude thai the 
epitt|xy of L~  ,MnO~ ,~ is belier on LaAIO~ than 
on MgO where a secondary orientation is observed 
~md the FWHM ot ° the different diffraction lines are 
l w O  l i m e s  broader. 

Fig. 5 displays the temperature dependence of the 
magnetization for different samples. These measure- 
ments have been performed with a vibrating sample 
magnetometer under a constant field of 0.2 T. The 
transition temperature is found to increase as x in- 
creases i.e. as the Mn 4~ content becomes larger (Ta- 
ble 4). We can notice a small shift of the magnetiza- 
tion for the film x = 0.20 around 160 K: this can be 
interpreted as a ferromagnetic-spin canting transition. 
The thickness and the area of the different samples 
were the same so that we can compare the different 
magnetic moments measured and state that they in- 
crease with x in relation to the ferromagnetic order- 
ing when the Mn 4" content increases. 

The electric resistance vs. the temperature at zero- 
field has been measured by using a four probe method 
for samples deposited on LaAIO~ with x = 0, I).1)9 and 
0.25 (Fig. b). Samples with low x values (x = 0 and 
t).091 exhibit only a sere|conductive behaviour which 
can be fitted very well by the Arrhenius formula 
p = p,~'exp(Kf/2 kT} as shown on Fig. 6b: the activa- 
tion energy is 0.26 eV for both samples. For the 
sample with the most important Mn 4~ content (x = 
11.251 a transition is observed at T, = 21111 K with a 
positive dp /dT  below T, (E,~ =0.24 eV in the semi- 
conducting region above ~,1 but the beimviour re- 
mains semi°conductive below 14!1 K with ,i smaller 
~clivalion energy { E~ ~ 1t.114 eV), 

M~gnelorcsis|ance mcasurcmen|s of lhe most lacu- 
n~tr film L~t,,~MnO~ ,~ were lhe ,  measured. The 
temperalnre were varied i ,  tile ra|ilge of 211~31111 K: 
the field was applied parallel to the substrate and to 
the current up to 5 T. Figs. 7a,b, respectively show the 
resistivity and the GMR vs. the temperature and the 
field. The GMR was calculated using A o / p .  ~ ~ t,,, - 
p,  )/p,, which is limited to !1109~. We obtain a ,lax|- 

0 
0 



S. Pignard et al. /Jouma! o)'Alloys and Compoumls 262-263 ¢1997) 157-162 161 

0.0060 

'3" 0.OO4O 
I:: 

I:: 
o i::: 
32 0.0020 

0.0010 

x=O, 

0.0000 
100 1.50 200 250 300 

Temperature (K) 

Fig. 5. Magnetic moment vs. temperature in La ~ _, MnO 3_ ,~ films. 

Tab le  .l 
Variation of the magnetic transition temperature in L a ~ ,  MnO.~_ ~, 

films 

x value 7",. (K) 

0 145 
0.(16 16~ 
0.(19 182 
0.211 -~l) ~- 
0.25 b~.'~'~l} 

mum magnetoresistance of 75c, f~ under 5 T. The tem- 
perature of the peak of GMR is 190 K near the 

electrical transition temperature of 200 K. We can 
note that the variation of the GMR is linear in the 
[0 T; 2 T] range with a sensitivity of 25% per tesla. 

The transition temperatures we get are quite far 
from those usually described for films doped with 
calcium or strontium or from Gupta's Lao.7~MnO~_,~ 
films with a Mn 4 + content similar to that expected in 
our films. In fact the oxygen stoichiometry of the films 
is probably deficient because of the low oxygen vapour 
pressure during the synthesis so that the Mn4+/Mn 3÷ 
ratio is lower than that which we would get if the 
formula were exactly La~_.~MnO3. Therefore various 
::-.~ealing experiments in air were carried out on 
La,.s~}MnO3_,s to study the influence of the oxygen 
stoichiometry on the physical properties. We obtain 
very interesting results which will be described else- 
where: a great improvement of the GMR properties is 
observed as it comes ma~dmum at room temperature 
(300 K). 

4. Conclusion 

In summaD,, thin films with various lanthanum 
deficiencies La~_,MnO~_ a have been synthesized by 
using a new liquid source MOCVD technique on 
MgO (100) and LaAIO~ {012) substrates. We get 
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Fig. 7. (a) Resistivity vs, 7" and H: (b} G M R  vs. 7" and H. 
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epitaxial fiim+ on both substratcs with a better quality 
on LaAIO; (no secondary orientation). The +I~ s of the 
as-de .s i ted  films are observed to increase with in- 
creasing x and are similar for the two kinds of subs- 
trate. Semi-conducting behaviour is observed for low 
x values. For the most lacunar film Laq~TsMnO;_,s an 
electrical transition is observed at 200 K very close to 
the T,+. A maximum magneto+esistive effect is then 
obtained at T ~  190 K with a linear MR ratio of 
25q+/T in the [0 T: 2 T] range. 
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