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We report on the growth and characterization of SrReidgle layers and STRu@SrTiO;/SrRuG
heterostructures grown on Sr§100) substrates. The thickness dependence of the coercivity was
determined for these single layers. Heterostructures with barrier thickpeds 2.5, and 4 nm were
fabricated, with electrodes having thickness ranging from 10 to 100 nm. The hysteresis loops of
heterostructures witl,=2.5 nm, 4 nm reveal uncoupled magnetic switching of the electrodes.
Therefore, these heterostructures can be used for the fabrication of magnetic tunneling junctions.
© 2003 American Institute of Physic§DOI: 10.1063/1.1555372

Considerable efforts are focused on the research on mag- The SRO films and the SRO/STO/SRO trilayers were
netic tunnel junctiongMTJ), since they constitute an impor- grown on SrTiQ(100) substrates by pulsed laser deposition
tant alternative for higher density MRAMs and other spin(PLD) with a KrF excimer laser ok =248 nm at a repetition
devices!? In order to build these junctions, heterostructuresrate of 3 Hz. The bulk cell parameters of SRO and STO are
involving two ferromagnetic electrodes separated by an in0.393 (pseudocubicand 0.3905 nm, respectively, thus the
sulating nonmagnetic barrier must be grown. With the aim ofstructural mismatch is about 0.64%. The SrRwlectrodes
having functional tunnel junctions, the magnetic electrodesvere grown with an oxygen pressure of 0.1 mbar, while the
must be magnetically uncoupled, i.e., they must rotate ainsulating SrTiQ barrier of thickness,=1, 2.5, and 4 nm
different fields, so that the switch between parallel and antiwere grown in an oxygen pressure of fombar. The sub-
parallel alignments of the electrode magnetizations is alstrate remained throughout the growth of the heterostructures
lowed. This feature must be reflected in different coercivitiesat a temperature of 675°C. Oxygen pressure was progres-
for the two electrodes, hence a control of the coercive field isively increased after switching off the laser, while the sub-
needed. strate was cooled down, in order to avoid any possible loss

Certainly La _,Sr,MnO; ferromagnetic electrodes offer of oxygen.
substantial advantages due to their full spin polarization.  Prior to the fabrication of these heterostructures, epitax-
However, they suffer a serious drawback: its response is veryal  SRO/SrTiQ(100) films of various thicknesses
disappointing as the magnetoresistance of manganite-basgeg=4—320 nm) were grown using similar processing condi-
MTJ decays very fast with temperature and becomes negliions. X-ray characterizatiohjncluding 6-26, ¢ scans and
gible well below the Curie temperatur&4).>* It is believed  reciprocal maps, revealed that the films are fully strained for
that the nature of the ferromagnetic coupling in these oxideg| thicknesses reported here. This is achieved by the rela-
(double exchange being extremely sensitive to the bond’s tively small lattice parameter mismatch and the chosen
topology and thus structural defects and interfaces, is at thgrowth conditions. In addition, these samples were fully
heart of the rather poor response at high temperature. Thergharacterized by magnetic and electrical transport measure-
fore the use of SrRup (SRO which is an itinerant ments. The resistivity—temperature curvgs-T) show a
ferromagnet”’ with a negative spin polarization P(  \vell-defined kink associated to the onset of ferromagnetic
=—9.5%) when measured by tunnel experiments with &yrder. This feature determines accurately the Curie tempera-
SITiO; barrief may have some advantages compared tQure by plottingdp/dT curves and locating the peak appear-
those based in manganites, when used in the fabrication @hq at the transition temperatu(gig. 1 insel. Thus, we ob-
MTJ. In this article we report on the growth and characterajn values of the Curie temperatufe.=130 K for films
ization of SRO single layers and SrRySrTIOs/STRUQG  ith thicknesst>10 nm. Furthermore, the films have room
(SRO/STO/SR®heterostructures with the aim of being used temperature resistivities in the range 200-480cm, and a
in MTJ. First, we will show that film coercivity can be con- resiqual resistivity(at 4 K) of 80—10040 cm.
trolled by the thickness of the SRO film. This information Magnetic measurements performed on the 320 nm thick
will be used to grow uncoupled SRO/STO/SRO trilayers Offim (not shown, reveal that the easy direction of magneti-

different thickness. zation lies in an out-of-plane direction. Even in the thinner
films, the demagnetizing field is far smaller than the anisot-

dElectronic mail: gherranz@icmab.es ropy field, since 4 Mg~2.5kOe, and values exceeding 20
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FIG. 1. Coercive field of SRO single layers at 5 K as a function of thickness
for fields applied perpendicular®) and along(O) the plane of the films.
Inset: Resistivity(p) of a SRO single layer as a function of the temperature,
together withdp/dT. The peak appearing in the latter is used to track the
Curie temperature.

b)

expected that the easy axis of magnetization lies in the out-
of-plane direction for any value of thickness. In fact, Izumi
et al. reported a uniaxial out-of-plane magnetic anisotropy
for an ~1 nm thick SRO film in SRO/STO superlatticEs.
Hysteresis loops at low temperatui® K) have been mea-
sured for SRO single layer films of different thickness with ' ; ‘

the magnetic field applied both within the plane of the film 0 100 200 300 400
and normal to it. The experimental data are included in Fig. X (nm)

1, from which the coercive fieldH¢) is determined. As o _

expected, a similar thickness dependencéigfis observed ~F!C: 2- (@ Top view image of the surface morphology of a bilayer SFO
for both field . . This d d | d nm)/SRO(88 nm); (b) profile taken across the steps appearing in the previ-
or both field orientations. IS dependence was already),,q image, showing that the steps are two units cell high.

found in some previous report$:1*1t follows from data in
Fig. 1 that we can control the coercive fields of the ferro-
magnetic electrodes through the thickness.

- In Fig. 3 we plot the magnetization versus temperature
In order to build the SRO/STO/SRO heterostructure, the X
first step is to grow the STO insulating layer on top of theM (T) for both a trilayer SRQ4 nm/STQ(4 nm)/SRA100

bottom SRO electrode. In what follows we shall restrict ournm) and the bilayer ST@ nm)/SRO88 nm. In agreement

description of results to those obtained using bottom elec\-’\”th the above discussion, and with the purpose of having

trodes around 90 nm thick. To have operative tunnel junc:[he smaller possible values for the switching fields, the ex-

tions it is of fundamental importance to know the surfacetemal magnetic field in these measurements has been applied

structure of the insulating layer. With this purpose we havePerpendicularly to the film plane. We first nafgee inset in

collected atomic force microscoAFM) images of a STO Eig. 3 thatd thhe Cl;rieh temlperatgre ff the bilahyer e
barrier oft,=4 nm grown on a SR®@8 nm) layer. Figure ~123K and that of the trilayer i9c~110K. TheseT¢

2(a) shows that the original structure of terraces and steps o\falues are somewhat lower than those rputinely obtained in
the SRO single layé? is also visible on the STO surface. single SRO layer¢>130 K). This observation suggests that,
The averaged roughnegsns is ~0.5 nm on a 55 um very likely, during the growth of the STO barrier—done at a
area. As illustrated by the line scan shown in Figh)2steps lower pressure than that of the SRO electrodes—there is

of two unit cells are commonly observed, separating terraces
of about 100 nm wide. Detailed inspection of the AFM im-

3

kOe are reported for the anisotropy fiéftt! Thus, it can be ’é
N

1

ages shows the presence of 20p to two unit cells high ’é

islands, most of them close to the steps, although there are S

other in the middle of the terraces. Island density, size, and T2

space distribution suggests that the first growth mechanism is %

nucleation at step edges of the underlying SRO/STO struc-

ture. This observation is consistent with previous reports of 01 sross1o

SRO growth on STO miscut substrat8s. 0 100 200 300

From the above analysis it appears that the STO barrier T(K)
is of good quality and flat enough to be used as an insulating
barrier in a SRO/STO/SRO structure. Notice that the heighFIG. 3. Plot of the magnetizatiofm) vs temperature for both a SrRyO
of steps and islands, as well as the depth of a few holes th&t4 nm)/SrTiQ (4 nm)/SrRuQ (100 nm (SRO/STO/SRPand a SrTiQ

4 nm)/SrRuQ@ (88 nm (STO/SRQ heterostructuregnith an applied field
were observed, are below 1 nm. Consequently, the 4 mf)]f 5000 Oe normal to the heterostructurtnset: The transition tempera-

thick STO layer i_S expected to be able to uncouple electriyyres; determined through locating the peaks indM/dT curves, are in-
cally and magnetically the SRO electrodes. dicated in this plot.
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in agreement with the reported valueshg, confirming the
good quality of the films.

In summary, we have been able to grow
SrTiO;/SrRuQ; /SrTiO; heterostructures with magnetically
uncoupled electrodes, thus opening the way to their use for
. Sro/sTO/SRD the fabrication of magnetic tunneling junctions. We can con-
30 0 o trol the coercivities of the electrodes by setting their thick-

ness. Therefore, we can switch from parallel to antiparallel
H(kOe) : - .
alignment of the electrode magnetizations by sweeping the
FIG. 4. Hysteresis loops for the SR nm/STO4 nm)/SRA100 nm  applied magnetic field. After submission of this manuscript
heterostructure and the STOnm)/SRQA88 nm heterostructure. The two  we have known that recently Chet al. have reported fab-

coercive fields are indicated. The magnetization jump corresponding to th?ication of MTJs based on SRO/STO/SRO structdfes
lower coercive field is also indicated. Inset: Hysteresis loop corresponding )

to a SR@9 nm)/STO(2.5 nm/SRA68 nm heterostructure. All the measure-
ments were performed at 5 K.
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