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Thickness-dependent transport properties of Nd  5,3Sr,3sMnO3 thin films
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A systematic study is reported on the thickness dependence of the electrical resistivity in thin films
of the giant magnetoresistance manganite,$d,,MnO;. We observed a first-order phase
transition versus thickness in these films, which is seen as a jump of about 30 K in the
metal-to-insulator transition temperaturgj at film thickness of 50—60 nm. This phenomenon is
attributed to a sudden release of strain in the film as its thickness increases. We also observed at low
temperatures, 5—30 K, another transition from localized-to-metallic behavior versus film thickness,
which is also related to the strain relief in the films. ZD00 American Institute of Physics.
[S0003-695(100)03137-5

Following the discovery of giant magnetoresistancemore reliable to grow all the films of varying thickness
(MR) in the manganites, they have attracted renewed interin situ on the same substrate in the same deposition run, and
est. Their resistivity versus temperature shows a peak at théis is what was done in the present study. We first optimized
metal-to-insulato(M~1) transition temperatureT(), which  the properties of the film for a thickness of about 100 nm,
is accompanied by a ferromagnetic-to-paramagn@ild—  and then using the same deposition conditions in the same
PM) transition at a very close temperatiifg.! > These phe- deposition run, we prepared the various films of different
nomena have been explained in terms of the combined effethicknesses by the use of a metallic shadow mask.
of double-exchande® and the Jahn—TellegT) distortion’ The NSMO films were grown epitaxially of100) STO
Among the manganite materials, the ,Ca_,MnO;  substrates by pulsed-laser deposition. The target used was a
(LCMO) group is the one which has been studied most exstandard ceramic disk of M@Sr;;sMnO; of 1 in. diam. A
tensively up until now’:° This is probably due to its large KrF excimer laser was used for the deposition at a 248 nm
magnetoresistance near room temperature, which might b&avelength, 5 Hz pulse rate, andl.5 J/cn? fluence on the
important  for  practical  applications.  Although target. This yielded a deposition rate of around 0.4—0.5 A per
Nd,5Sr,sMNO5; (NSMO) has a larger temperature coefficient pulse. The optimized growth parameters were found to be a
of resistancé¢(TCR), which is defined as R dRdT], its T,  substrate temperature 0f800°C and oxygen pressure of
is rather low!%!! Due to its lowT,, low-field magnetoresis- 250 mTorr during deposition, and a postdeposition cooling
tance(LFMR) applications are not so attractive in this classrate of 500 °C/h in 0.5 atm of oxygen pressure. This yielded
of materials. However, its larger TCR and sharper transitiora maximumT , of ~220 K for a typical film thickness of 100
versus temperature makes it a potential candidate for bolonam. This value ofT, is similar to the maximum value ob-
etric applicationg? tained for NSMO films by other groups after annealing for a

In the present study, we focus on thin films of NSMO on much longer time at even higher temperatufes. Thus our
(100 SrTiO; (STO substrates. The films often have differ- relatively slow cooling rate allows us to avoid the long post-
entT. and MR compared to bulk material due to lattice anddeposition annealing process used by the other groups.
thermal mismatch between the film and the subsfrate. In order to study the effect of thickness on the electrical
NSMO thin films were found to grow epitaxially on LaA}O transport properties of these films, we have grown eight film
(LAO) and on STO substrates because of their relativelystripes of increasing thickness on the sah@0 STO wafer
good lattice match. It was also found that higher oxygenatiorof 1x1 cnf. To grow these stripes, we used a metallic
levels of the films often leads to high&.'®*" Previously, ~shadow mask whose edge was touching the wafer at an angle
other groups have examined strain effects in thin perovskitef 45°. By placing this mask at seven equally spaced posi-
films by preparing them at various thicknesses in separattions over the wafer and adding a certain deposition thick-
deposition runs**®1°However, our experience shows that ness in each position, the stripes were prepared. Since all the
maintaining identical conditions in separate runs is quite dif-deposition conditions are held unchanged, we are in a posi-
ficult. Often, even a slight change in the experimental paramtion to study the thickness-dependent properties of the films.
eters such as the actual surface temperature during deposiowever, due to the flow pattern of the plume near the edge
tion, the oxygen flow rate, laser fluence on the target, shapef the mask, the borders between consecutive film stripes are
of the plume, rate of cooling, etc., can affect the results sighot very sharp and have small thickness gradients. Thus, in
nificantly and mask or smear the thickness-dependent eprder to measure the electrical resistivity of the independent

fects. For a systematic study of these effects it is, therefordilms accurately, we patterned eight microbridges on them
such that the microbridges fall in the center of each film
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kpara, Dist.: Midnapore, W.B., India. a deep UV mask aligner, and etching by Ar-ion beam milling
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FIG. 1. C-axis lattice parameter as a function of film thickness. ) ] )
FIG. 2. Resistance of the eight films of different thicknesses normalized to

their peak valuesRy) vs temperature.
and 10um width of the individual films. The thickness of

the films was measured with the aid of an atomic-force miqrmalized to their peak values. A typical value of the abso-
croscope. First, the combined thickness of the films and thgte resistivity at the peak temperatures of the 64-, 81-, and
milling steps into the STO wafer were measured on eachyg_nm-thick films, whose strain is relieved to a large extent,
microbridge (l¢+ds). Then, after the transport measure-js apout 1+0.1Q cm. All the films show the characteristic
ments were completed, the films were etched away in AQuU|—| transition of this class of materials. Below the transi-
Rega and the milling steps into the STO substratg ere  tion, the resistivity is metallic and above the transition it is
measured and subtracted from the previous measurementsii@ulating. The characteristic peak temperature, which corre-
yield the desired film thicknessdf). The structure of the sponds to the M—I transition and the FM—PM transition gen-
films was studied by normal Bragg x-ray diffraction. The erally increases with thickness. Figure 3 shows a plot of the
electrical resistivity of all the microbridges was measured inpeak temperatur&,, and the normalized resistance at 5 and
a single cooling run from 3000t5 K using the standard 300 K as a function of the films’ thickness. All these param-
four-probe technique. eters change significantly with thickness, and most interest-
The x-ray diffraction results of our films show that eachingly, they all show a drastic change around the thickness of
one of them is of purely single phase and oriented witltits 50—-60 nm.T,, increases rapidly from 178 to 207 K, by al-
axis normal to the wafer. The-axis lattice parameters of the most 30 K following a thickness variation of only 11 nm.
various films were obtained from the strongest reflection ofSince this is also accompanied by a similar sharp increase in
the (002) peak. Figure 1 shows the pseudocubixis lattice  the c-axis parametefsee Fig. 1, we consider this behavior
parameter of the different films as a function of their thick- as due to a first-order phase transition induced by the strain
ness. One can see that the lattice parameter is increasimglief in the film. Above 60 nmT, increases slowly again
gradually as a function of film thickness from a value of and reaches a maximum around 220 K. Moreover, Fig. 3
3.800 A for the 20-nm-thick film up to a thickness of about shows that even far away from the peaks’ temperature at 5
50 nm. From slightly above this thickness, it increases rapand 300 K, the normalized resistance is still affected by this
idly in a small range of 10 nm to a high value of 3.848 A, phase transition and shows a large variation around the criti-
which is quite close to that of bulk NSMO. This is followed cal thickness of 50—60 nm. The film of maximum thickness,
by an even weaker increase to 3.855 A for the 120-nm-thickhowever, shows a different behavior from this trend, and this
film. The full width at half maximum of the diffraction peaks
is also seen to decrease with increasing film thickness, which 250

T T T T T 0.7
indicates improved crystallinity of the thicker films. We thus o
conclude that for film thickness higher than 60 nm, the struc- o — w108 §
. 200 | ° ] c
ture slowly approaches that of the bulk material. Bulk los &
NSMO has a pseudocubic lattice parameter of 3.86 A, <—.,-/' 2
whereas the STO has a cubic lattice parameter of 3.905 A. < 1501 {04 &
The lattice mismatch between them is thus 1.16% and this = ¢ loa E
should lead to a considerable strain in the epitaxial films. 100t IR A T
Since NSMO films on STO are expected to expand biaxially N 102 £
in the a—b plane of the films, thec-axis lattice parameter 50 A,A/A/A - . o4 2
should be compressed. Figure 1 shows that this is exactly y /0 '
_axi i i 0 1 1 iy S N 0.0
what we observed. The-axis lattice parameter increases 0 n 0 0 P EET ET

with increasing film thickness as strain is relieved, and then
saturates close to the bulk value.

Figure 2 shows the temperature dependence of the elegg 3. m—| transition temperaturg, , Ry(5 K) andRy(300 K) as a func-
trical resistance of the NSMO films of different thicknessestion of film thickness.

Film thickness (nm)
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may result from its location near the edge of the waferness regime, however, the bulk strain becomes quite low as

which may produce extra strain in this film that reduces itsthe lattice parameter of the film approaches very closely the

T,. Another interesting observation comes from the low-bulk value. In addition, the localization becomes less pro-

and high-temperature resistivity behaviors of these samplesounced and, hencd,, is enhanced and approaching the

(see Fig. 2 In the low-temperature region, the films with bulk material value. Thus the sudden transitioTgfand the

thickness below the threshold thickness of 50-60 nm showransition of the low-temperature resistivity behavior from a

an upturn in the resistivity, which indicates the existence ofstrongly localized state to an almost nonlocalized state seem

localized states in these films. In the thicker films, howeverto be two correlated phenomena which originate in the sud-

with thickness above 60 nm, a flat resistivity versus temperaden relief of strain in the lattice.

ture is seen which implies that these films are on the border In conclusion, we found a first-order phase transition of

of being metallic. At high temperatures well aboVg, all T, in NSMO films at 50—-60 nm thickness, which is closely

films show insulating behavior. related to a sudden relief of strain in the films. The same
Since strain is so important in the phenomena observedtrain relief mechanism is also responsible for a transition of

we focus on it now. The resistivity of the manganites dpd  the low-temperature resistivity from localized-to-metallic be-

are well studied as a function of external hydrostatichavior with increasing film thickness.
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