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Metal—insulator transition in STRuO 3 induced by ion irradiation
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We have studied the effect of Herradiation on the electrical resistivity and Curie temperature of
ferromagnetic SrRu@thin films. An evolution from metallic to insulating behavior is observed
when Heé ion fluence is increased, suggesting a metal—insulator transition. Damage by ion
irradiation produces a strong decrease of the Curie temperature. On the other hand, no significant
change inT; (~160 K) takes place in fresh samples grown at different substrate temperatures. We
discuss the possible correlation between structural changes induced by irradiation, which reflect in
an increase of the pseudocubic lattice parameter, and the observed depresgjon@f1998
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SrRuQ, is an orthorhombically distorted perovskite cal temperature and causes an increase of the resistivity
(space group Pbnmand the only example of ferromagnetic Which undergoes a crossover from metallic to semiconduct-
ordering(with a Curie temperatur€,, of 165 K) in conduct-  ing behavior at low temperatures. Once again, this has been
ing 4d transition-metal oxides? This compound has a4 proposed to occur as a result of local structural distortions
low spin configuration $=1) and is believed to have a nar- arising from substitution of Ti atoms in Ru sités.
row 7* band resulting from Rt,q and O 2 orbitals, which In the case of thin films, structural defects can be intro-
governs magnetic orderirif. The actual nature of magne- duced during growth by acting on parameters like substrate
tism in this material, usually considered as an example ofemperature. With increasing substrate temperature, the ther-
pure itinerant magnetistis not fully understood yet. This mal energy supplied to the incoming atoms allows them to
system can be included in the group of the so-called “badarrange at more stable positions, which produces a more or-
metals, ®® strongly correlated electron systems showing re-dered film growth. Alternatively, defects can be created after
markable electrical and magnetic properties. A common feafilm growth by electron or ion irradiation. lon irradiation is
ture of these materials is the high value of their room-known to produce local displacements of oxygen atoms in
temperature electrical resistivities, close to the theoretica¥ BCO causing significant changes in resistivity and*?In
limit for the metallic state(loffe—Regel limi). From the this letter we present results on the effect of growth tempera-
point of view of possible technological applications, both theture and ion irradiation on the electrical and magnetic prop-
crystallographic structurépseudocubic perovskiteand lat-  erties of dc-sputtered SrRyGhin films. We show that by
tice parameters of this material, close to thosg\dBCO), increasing the irradiation dose, it is possible to tune the Curie
make it a promising candidate for the fabrication(8NS temperature in a continuous manner up to the vicinity of the
Josephson junctions of highs superconducting oxidesin metal—insulator transition.
addition, its conducting character makes it a suitable material Samples 1000 A thick were grown from a SrRu@rget
for electrodes in other types of devices based on perovskiten (100)-oriented MgO substrates using a high-pressure dc
oxides, as epitaxial conducting oxide—ferroelectric orsputtering system. Pure oxygéB.6 mbaj was used as the
superconduction—ferroelectric heterostructdres. discharge gas. Substrate temperatures were changed in the

Structural distortions are known to play a central role inrange from 700 to 875°C. The films grew well textured,
the magnetic properties of SrRyOThe absence of ferro- with the pseudocubi¢001) direction perpendicular to the
magnetic ordering in the isostructural CaRu@s been ex- substrate. Clear kinks were observed in the resistivity show-
plained in terms of a stronger orthorhombical distortion ining the presence of the ferromagnetic transitio a+ 160
this compound which changes the sign of the magneti, confirmed by magnetization measurements performed
interaction’ Both hydrostatic and chemical pressure result-with a Quantum Design superconducting quantum interfer-
ing from the partial substitution of 3f (0.62 A) by the ence device magnetometer. Samples were irradiated with 80
bigger C&" (1.06 A) give rise to a decrease of the Curie keV He'" at room temperature and doses ranging between
temperature, but the system remains metallic. This has beer0** and 5x 10'°* cm™? at an angle 7° away from the sub-
explained in terms of the magnetism of this compound beingtrate normal to avoid channeling. The projected ion range
very sensitive to the Ru—Ru distan®On the other hand, for He* -implanted ions was calculated to be 3274 A using
substitution of Ru by Ti up to 20% rapidly reduces the criti- the Srim 96 software, which guarantees that ions go through

the film into the substrate.

aAuthor to whom correspondence should be addressed. Electronic mail: ~ 1he structure _analy_SiS Qf SrRy@hin f”ms_ was per-
jacsan@eucmax.sim.ucm.es formed by x-ray diffraction(Siemens D5000using CWK «
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FIG. 1. Pseudocubia-lattice parameter(open circles and T (solid F|G. 3. Temperature dependence of the electrical resistivity of SgfRu®
squaresvs 80 keV He-irradiation fluence. The solid line is a guide for the films grown at(1) 700, (2) 725, (3) 750, (4) 775, (5) 800, (6) 825, (7) 850,
eye. and(8) 875 °C.

radiation. Results on irradiated samples are shown in Fig. Mistance, and hence, the filling of the band, remain un-
which displays the evolution of the pseudocubilattice pa- changed. Thus, it seems that the effect of low-temperature
rameter calculated from the angular position of thel{00 growth in this material is only an enhancement of disorder,
peaks as a function of dose. It is remarkable thatthattice =~ most likely due to a reduced crystalline quality related to the
parameter attains values as high as 3.99 A for the highegtppearance of the high density of defects such as twins and
dose, similar to those recently reported as a result of enedomain boundaries, which reflect a decrease of the electronic
getic bombardment during growth for laser ablated fitths. mean-free path. The fact that the Curie temperature is found
Electrical resistivity characteristics as a function of tem-to be independent of the electrical properties indicates that
perature showed also significant changes for doses in excetie ferromagnetic interaction is not disturbed by the scatter-
of 10 cm™2. Figure 2 displays the electrical resistivity for ing mechanism responsible for carrier localization in these
various doses, showing how ion irradiation drives thesamples. This questions somewhailae itinerant model in
samples to the vicinity of a metal—insulator transition. Athis system.
decrease in the Curie temperature was observed for doses It is tempting to conclude that irradiation induces struc-
increasing up to X 10'° cm™? (Fig. 1). tural effects that give rise to the changes both in the lattice
At this point, it is worth comparing these results with parameters and the Curie temperature. The dependence of
those obtained on films grown at different substrate temperdhe Curie temperature on the lattice parameters points to a
tures(Fig. 3. In this case, we observe similar effects on thestrain-induced depression ©f , most likely due to distortion
electrical properties, i.e., an evolution of the system toward®f the RuQ octahedra. As we have already pointed out, it is
a nonmetallic state, but without any significant change eithewell known that the magnetic behavior of SrRus very
in the Curie temperature or in the lattice parametEig. 4.  sensitive to the R—O-Rudistance and band angle: the mag-
This suggests that theutRO—Rubond angles and Ru—Ru netic properties of this compound are known to be deter-
mined by the filling and width of the narrow* conduction
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FIG. 2. Temperature dependence of the electrical resistivity of SgRu® GROWTH TEMPERATURE (C)
film grown at 850 °C, beforél) and after 80 keV He irradiation with doses:

(2) 5% 10" cn?, (3) 1x10%cn?, (4) 2x 109/ cn?, (5) 2.5x 10 cn?, (6) FIG. 4. Pseudocubia-lattice parameter(open circles and T, (solid
3x10%cn?, (7) 3.5x 10" cn?, and(8) 5% 10*%cn?. squaresas a function of growth temperature.
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