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Structure-properties relationship in ferromagnetic superconducting RuS,sGdCu,Og4
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RuSKGdCuyOg films with a different thickness are grown by pulsed laser deposition ¢h08 STO
substrate at 750 °C and an oxygen background pressure dDs Pa. The film structure is characterized by
x-ray diffraction, Raman spectroscopy and transmission electron microst&dy), and correlated with the
physical properties. All films exhibit ferromagnetic ordering at temperatures around 130 K, however not all
films show superconductivity. TEM reveals that superconductivity in the films is related to the presence of an
orthorhombic Ru-1212 phase with unit cell paramet@a; X | 2a, X 2¢,. A model considering Cu substitution
at Ru positions within the RuQayer is proposed. The structure of the orthorhombic Ru-1212 with a doubled
¢ axis can be described as a periodic alteration of superconducting@uSr,GdCuy,0g_; layers and ferro-
magnetic RuSIGdCw,Og layers. The structure in the thin film is strain induced, but there is a high probability
that it will exist in bulk as well.

DOI: 10.1103/PhysRevB.71.134523 PACS nuni®er74.70.Pq, 68.60.Wm, 68.37.Lp

[. INTRODUCTION romagnetic ordering. Later it was shown that SC can coexist
with a FM phas® assuming an inhomogeneous structure
After the discovery of highF: superconductivity in (crystal, magnetic and electrofi@ small magnetization in
YBa,CuOy_, (Y-123),* the 123 family of superconducting addition to disjoint FM and SC subsystems still allowing a
cuprate compounds has been the subject of extensive reoupling between them. This is realized in sevéralectron
search. Already early it was realized that their properties aréompounds such as,RosSe; (R=Tb, Er,x=1.0 or 1.2,
closely correlated to the local structure and microstructureR12M0gSs (R=Tb, Dy, Er(Ref. 12) and ErR)B,.** In non-
This correlation of structural modifications with correspond-BCS triplet superconductors where electron pairing is mag-
ing property changes served as a driving force in the Seardﬂetlcally med|ated,_ supercondu_ctmg ordenn_g in the f_erro—
for new superconducting cuprates. Basically there are tw&@gnetic phase is less unlikely than in the single
major ways to induce structural modifications in the material SUP€rconductor. Itis thought that this situation is realized in
The first one is to alter the synthesis conditions by changing’©& ~ and ZrZn,™though there is still some controversy.
temperature and/or external pressure in order to stabilize 45 (&7 s the cup rate superconductors are concermed, no
metastable structure or in the case of thin films to tailor the <19 of superconductivity and antiferromagnetism was

lattice mismatch or modify the substrate surface at qﬁﬁg%ﬂiﬂcﬁgﬁﬁ on recent experiments on SC/AFM/SC

nanoscaléfor controlled st_rain and/ or defect geqeration. The Recently several reports claim the coexistence of SC and
second one is to applypartial) chemical substitutions at cat- £y in the ruthenocuprat&s!® and a tuning of their proper-
ion and/or anion sites. Successive examples for Y-123 are s by doping®2? Reports of both superconducting and
follows: replacing oxygen by fluorin%rep.lacing Y by other  honsuperconducting Ru-1212 have triggered experimental
rare earth ion$ replacing Ba by Sror partially replacing Cu  studies to investigate the structural origin of superconductiv-
in the charge reservoir block by other small catibiBauern- ity (or nonsuperconductivilyin this material. Structure de-
feind et al’ reported a new class of compounds termination is mainly based ofsynchrotron x-ray powder
RuSpLNCw,0g (Ln=Sm, Eu or Gg noted as Ru-1212, diffractior?® and neutron diffractioR*2°> However, some of
where Cu-O chains are completely replaced by Ro®@a-  the data are contradictory and a matter of discussion. We
hedra and Y is substituted by Sm, Eu or Gd. This structurgherefore decided to carefully investigate the structure of Ru-
was reported to be superconducting but not magnetic. Late1.212 on a local scale and compare the microstructure of
it was found that Ru$GdCy,0g shows a remarkable coex- superconducting and nonsuperconducting Ru-1212. A com-
istence of superconductivitySC) (Tc~48 K) with ferro-  bination of transmission electron microscopyEM) with
magnetic(FM) ordering of the Ru moment§l,,~132 K).2  Raman spectroscopy aridonventional XRD is very pow-

The SC has been attributed to the moment of the Coopesrful and will allow us not only to focus on the average
pairs in the Cu@planes, whereas the magnetic moments arehanges observed by Raman and XRD, but also on the local
located in the Ru@planes. The coexistence of superconduc-changes in structure and microstructure. Indeed, some micro-
tivity and magnetism, particularly ferromagnetism, has beerstructure changes are too small to lead to observable effects
a field of extensive theoretical and experimental investigain XRD and Raman. Up to now only a few TEM based
tions since decades initiated by the early paper of Ginfourgstudies of the microstructure properties of Ru-1212 have
showing an antagonistic nature of superconducting and feeen reportedd?” and none of them correlates the micro-
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structure with transport and/or magnetic properties. RuSEGdCuyOg (Ru-1212 is structurally related to

In the present contribution we have studied YBa,Cu;O,_, with Y, Ba, and Cul) being replaced by Gd,
RuSKpGdCuy0Og thin films and we focus on the structural Sr and Ru, respectively. However, it contains corner-sharing
differences between superconducting and nonsupercondud®uQ; octahedra substituting for the Cu-O chains. The struc-
ing Ru-1212 films prepared under comparable growth conditure is tetragonal with space grold/mmm(123 and lat-
tions. tice parametera=0.383 84 nmc=1.1573 nn?3 The Ru at-
oms occupy octahedral sites and are surrounded by six
oxygen atoms: four equatorial atoni®1) and two apical
ones (04). Chimaissemet al?* however reported neutron

RuSKpGdCuy,0Ogq films with different thicknesses were syn- powder diffraction data for RugedCuy,0g where weak su-
thesized in a two step process on single cryst00- perlattice lines indicated g2a, X |2a,X c cell as a result of
oriented SrTiQ substrate$100-STQ by pulsed laser depo- the RuQ octahedra tilting. Their model is described by a
sition (PLD) using a ceramic disk-shaped stoichiometrictetragonal space group4/mbm (127)with unit cell param-
RuSKLGdCuyOgq target. The beam of a KrF excimer lagar  etersa=0.542 49 nmc=1.156 28 nm.
=248 nm) was focused on the target to yield a fluency of

Il. EXPERIMENT

~2 J/cnt. For the deposition of the precursor films a sub- IV RESULTS

strate temperature of 750 °C and an oxygen background '

pressure of X 1073 Pa were used. Subsequently, the films A. X-ray diffraction

were annealed at 1000 °C in flowing Arrfé h and then in X-ray diffraction analysi® has shown that samples

oxygen at 1040 ° € T,, <1060 °C. To improve purity and pG52 ‘RG53, RG54 contaifd0l) oriented Ru-1212 grains
crystallinity one film (RG84 was prepared via successive with a lattice parametec=11.5%8) A, but also(hh0) ori-
deposition and the crystallization of two layers 200 nm thiCk'ented S;GARUQ, (2116 grains, and GfCuO, (214 with a

D:ta'lst on t?e syntheSIEI_pLoc:dulre ar%v;/kelltﬁs on the tf'mbreferential grain orientation ¢h00). The overall amount of
characterization aré publisned eisewneren he presen . impurities, roughly estimated from x-ray peak intensities, is

study we investigated samples denoted in Ref. 28 as Serieg out 35% and is minimal in the sample RG52. The RG84

“h.” All films exhibit ferromagnetic ordering at temperatures ; - ; ;
. sample is nearly single phage01) oriented Ru-1212 with a
aroundT,, (see Table), however not all films show super- c parameter of 11.99) A; only a small amount of impurities

conductivity. ; ;
. i is seen in the XRD pattern.
The x-ray diffractometry was done on @y, radiation by P

a Philips PW 3710 diffractometer equipped with a curved C _
monochromator on a diffracted beam. Raman spectroscopy B. Electrical transport measurements

was performed at room temperature with unpolarized light of The temperature dependence of the resistance of the films
514.5 nm using a Dilor triple-grating spectrometer equippeds shown in Fig. 1a). The resistance of the RG52, RG53, and
with a liquid nitrogen cooled CCD detector. Resistance meaggsa samples has a metallic behavior in a range of 130-300
surements were carried out at 4@ of AC with four ther-  k and a semiconducting behavior between 30 and 130 K;
mally evaporated Au/Cr stripe electrodes. Cross-section anghs is typical for underdoped highs superconductors. At
plan-view specimens for TEM were prepared by mechani-_30 K the resistance of the RG52 sample strongly drops,
cally grinding to a thickness of about 10 micron, followed by g,ggesting the onset of a superconducting transition, though
final ion-beam milling in a Balzers REP 010 machine. TEMit does not reach zero down to 5 K. The onset temperature of
investigations were carried out with a JEOL 4000EX micro-Rg53 is~25 K and the transition is broadened. RG54 film
scope. The Mac Tempas/CrystalKit software is used for comgnly shows a weak indication for the transition. RG84 has a

puter simulating the experimental HREM images. ~  semjconducting temperature dependence of the resistance.
The phase composition of the domains, and, in particular,

the Ru:Sr:Gd:Cu ratio, was determined by energy dispersive
x-ray analysiSEDX) in a Philips CM20 microscope with a C. Raman spectroscopy
LINK-2000 attachment. The electron probe size is in the The Raman spectra of the samples with a subtracted sub-
nanometer range and is much smaller than the crystal size. dtrate signal are shown in Fig.(d. The spectra of the
therefore provides reliable chemical information on a singlesamples coincide with that of the Ru-1212 phase with an
crystal domain. The experimental cation ratio, as determinegdditional band observed around 529¢m(between
by EDX taken from 10 domains (Ru:Sr:Gd:Cu 460-600 crm') and a peak at 761 cth The band apparently
=0.152:0.32:0.165:0.363 is very close to the expected originates from the film-substrate interface. The peak at
composition for RySr,GdCu,,,Og_s With some excess of Cu 761 cni?! is associated with the 8dRuQ compound be-
(x=0.33 and a slight Ru deficiency. ICP-AES data from ascause this peak is observed only in the samgR&52,
deposited precursor films gave similar results. RG53, RG54 containing thg2116 phase and it is not seen
in the spectra of RG84. However, we cannot explain the
strong hardening of this phonon mode in our samples in
comparison with the reported line position-e720 cn1* for

The crystal structure of the SrTiGubstrate is cubic per- the SpGdRuQ phase?® We observed no difference in Ra-
ovskite (PmBm) with lattice parametea=0.39050 nm. man spectrésuch as peak positions, peak broadness or rela-

Ill. STRUCTURAL DATA
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FIG. 2. Cross-section bright field images of Ru-1212 films with
a thickness of 400 nrte) and 1.5um (b) on a ST@100) substrate.

of the film. SpRuUQ, is believed to be a spin triplet supercon-
ductor, however, with & as low as 1.5 K, anyway, much
lower than that of the investigated film and therefore it can-
not be responsible for the superconducting properties of the
film. The size of the Ru-1212 domains is varying from 50 nm
to 500 nm and increases with film thickness.

The[100] selected area ED pattern in Figb%shows the
. 3 . presence of 90 deg twins or mirror twins. Because of the

300 400 500 600 700 800 pseudocubic structure of the tetragonal Ru-1212, twinning is
Raman shift (cm™) to be expected; such twins have previously been observed in
_ bulk material® All ED patterns of RG 54 or RG 84Figs.

FIG. 1. (a) Temperature dependence of the resistance of RG524(g) and 4b)) can be indexed with reference to the tetragonal
RGS3, RG54, RG84 filmsib) Raman spectra of the films with @ p4/mmmspace group. The weak reflections in the center of
subtracted substrate signal. the square mesh of the ED pattern in Figb)are the result

of double diffraction related to the presence of twin inter-
tive intensitie3 between the superconducting samplesfaces.
(RG52, RG53 and the nonsuperconducting onéRG54, In the ED patterns of the superconducting RG 52 and RG
RG84. 53 films, additional weak reflections are observed in the

Intensity(arb. units)

D. Electron microscopy

The exact structure as well as the microstructure of the
different Ru-1212 films is a crucial point. Electron diffrac-
tion (ED) together with HREM from two orthogonal direc-
tions (plan view and cross sectipprovides essential infor-
mation for the structural analysis. Moreover, EDX data allow
a chemical identification, particularly on the cation ratio.

Cross-section images of the most representative films
(RG84 and RG5Rwith different thicknesse$400 nm and
1500 nm are shown in Fig. 2. The thinnest fil(Fig. 2(a))
exhibits an island structure; the coverage of the substrate is
partial and all islands grow epitaxially with a fixed orienta-
tion to the substrate surface. HREM imad€ésy. 3) clearly
show that the Ru-1212 islands are perfectly coherent across
the interface with the axis parallel to the interface normal.
The microstructure of the films changes with thickness and
the films adopt a granular structure at a thickness
>1000 nm(Fig. 2(b)). Occasionally impurity phases, iden-
tified as SrCu@ and SgRuQ,,*° were detected by a combi-
nation of TEM and EDX. SrCu@is not superconducting and FIG. 3. Cross-section HREM image of a Ru-1212 isldRd).
therefore does not influence the superconducting propertiega). The film isc oriented.
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FIG. 4. Diffraction patterns of the Ru-1212 structure along two
relevant zones(a) [001]; and(b) [100]; indexed with respect to the
P4/mmmspace group. ThELOQ| pattern is due to the presence of
two orientation variants with mutually perpendicutaaxis.

FIG. 5. Diffraction patterns of a Ru-1212 structure along two
relevant zonesta) [001]y and (b) [110] indexed with respect to
the Pbamspace group. Note the weak superstructure spots marked
by arrowheads.

[001]" pattern; they correspond to the/2a;xX (2a,  rhombic space group is most probably a maximal subgroup
superstructuré®?4 In the [100}; cross section pattertFig.  of P4/mbm which has to satisfy the following diffraction
5), a twinned structure is also present, but the set of refleceonditions: &I, k=2n; hOl, h=2n; h00, h=2n; 0kO, k=2n.
tions along two mutually perpendicular directiofisdicated  This points towards an orthorhombRbam(55) space group

C*O and C*t) is different. Grains with theic axis parallel to  with unit cell a,~ | 2a; by~ |2a; c,=~ 2¢,.

the interface exhibit extra superstructure spots while grains An HREM image of the orthorhombic Ru-1212 domain
with their ¢ axis perpendicular to the interface show thealong[001]s is shown in Fig. 6. The image simulation, based
“regular” reflections. The superstructure spots, indicated byn the orthorhombid®bam (55) space group, is given as an
arrows in Fig. %b), are positioned a0, 0, I/2) and suggest inset in Fig. 6 and shows a good agreement between the
a doubling of thec parameter. Together with the diffraction experimental and the calculated image. It should be men-
conditions of P4/mbm (127)this leads to a new unit cell tioned that this orthorhombic structure is only present in the
with parametersg2a, X |/ 2a; X 2¢,. The other 90 deg rotated superconducting RG 52 and RG53 films; not in the RG84
ED pattern(alongc*t in Fig. 5 either belongs to the tetrag- and RG54 films.

onal P4/mmmspace group with an; X & X ¢; cell or to the [110]o HREM observations confirm the doubling of the
tetragonalP4/mbmwith 23, X | 2a, X ¢,.2>?4Careful analy-  axis (Fig. 7). As mentioned before, this period doubling only
sis of the[001] ED pattern in Fig. &) shows that the pattern appears in domains with theaxis parallel to the substrate
is not square but has a very small orthorhombic distortionFig. 7). The period doubling along the axis is apparently
(a/b=1.01). The splitting of high order reflections in Fig. related to the fact that successive Ru@yers are no longer
5(b) also suggests that the difference between the twin doequivalent, and they are imaged with a different contrast.
mains is not only in the doubling of theaxis, but that also Simulated imagegusing a model based on the4/mbm
slight lattice parameter changes are involved. All these datatructure indeed show that the brighter rows correspond to
strongly suggest that the diffraction pattern is a superpositiothe RuQ layers.

of two 90 deg rotated patterns produced by a tetragonal At the interface between substrate and domains witlcthe
structure and an orthorhombic structure. The actual orthoaxis parallel to the interfacéwhite arrows in Fig. ¥, an
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FIG. 7. Cross-section HREM image alohgl0]y of a domain
with the ¢ axis parallel to the interface. The corresponding ED
pattern is also shown. Note the weak double periodicity contrast
marked by vertical white arrows.

FIG. 6. HREM image of a Ru-1212 domain alof@01]y. The
inset shows a simulated image based on the orthorhofbam
space group.

intermediate layer, several unit cells thick, is observed. Theween superconducting and nonsuperconducting films is the
layer is about 2 nm wide and seems to have a cubic structufigresence of the orthorhombic Ru-1212 structure in the super-
along the viewing direction. No further analysis of this layer conducting films. Therefore it seems reasonable to attribute

was performed. superconductivity to the orthorhombic Ru-1212 phase with a
When domains are oriented with tharaxis normal of  doubledc axis and with a slight Cu excess.

substrate, no superstructure is observed and the contrast is Superlattice lines, defining a2a, X (2a,X ¢, unit cell,
typical for the regular tetragonal Ru-1212 phésk Fig. 3.  have been observed by neutron powder diffradd@md they

For both domain orientations, film and substrate are perfectijiave been explained by a rotation in the opposite sense of the
coherent, no misfit dislocations being formed, and the interRuQ, octahedra, leading to an ordered arrangement of the
faces are sharp and well defined. distortions. McLaughliret al2® reported HREM evidence of
this superstructure in bulk Ru-1212 material. However none
of these research groups reported a doubling along ¢ghés.

The reason why they missed this doubling probably has to do
Our experiments provide us with the following informa- with the high density of twins and the limitations of the
tion: powder technique for x rays as well as for neutrons. Another

(@ Superconducting as well as nonsuperconductingeason could be that in bulk material, these structural features
ferromagnetic Ru-1212 films can be grown on a STO subare less pronounced. In a thin film, the substrate structure
strate; all superconducting films contain the new orthorhomand the surface orientation impose a specific epitaxial rela-
bic Ru-1212 phasé,= | 2a; b,=,2a; c,=2c,); the nonsu- tion that can induce a different type of deformation in the
perconducting do not. film structure3%32 In the present case a doubling of the

(b) Image simulations of the Ru-1212 structure, basedparameter is only found when tieeaxis is oriented parallel
on the tetragonaP4/mbmmodel, reveal that the distortions to the substrate surface. Since STO has a cubic structure, it is
related to the formation of the new superstructure are primalogical that a tetragonal structure is favored with thexis
rily located in the Ru@ layers. oriented normal to the substrate and wi@®1), as the con-

(c) The appearance of the 1[/D1] superstructure de- tact plane. In this case the misfit strain is minimal. However,
pends on the orientation of the domains with respect to th@s soon as the structure exhibits an orthorhombic distortion
substrate surface. Only domains oriented withdtaxis par-  in the ab plane(a# b), there is no longer a symmetry simi-
allel to the substrate exhibit a doubling along thexis. larity between STO and thé01), contact plane, but the

(d) The composition of orthorhombic phase with the (110 plane still maintains a pseudocubic symmetgy
1/2[001] superstructure corresponds to the Ru-1212 phase:c/3). This favors the growth of the orthorhombic structure
with some excess of Cu. with the ¢ axis parallel to the substrate.

These experimental facts strongly suggest that supercon- Obviously, the difference between the tetragonal and the
ductivity in the ferromagnetic Ru-1212 films is directly re- orthorhombic Ru-1212 structure is a different rotation
lated to the structure of the film. All films are ferromagneti- scheme of the Rupoctahedr&32?* To explain the double
cally ordered and contain the tetragonal Ru-1212 phaseperiod two models can be proposed.

Therefore, ferromagnetism can be unambiguously attributed First, an orthorhombic structure can be simply obtained
to the tetragonal Ru-1212 phase. The only difference beby a shear displacement of the apical O4 oxygen atoms to-

V. DISCUSSION
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FIG. 9. Matrix of simulated images of the Ru-1212 structure
based on the models proposed in Figd)&nd §c), respectively.

only leads to a doubling of the parameter but also to the
appearance of superstructure spots along other crystallo-
graphic directions, e.g., in tj&10]5 zone(see the simulated
ED pattern of Fig. &)). Definitely, this superstructure was
never observed experimentally. Moreover, this model does
not take into account the small excess of @acording to
EDX 6=0.33 in the orthorhombic ordered phase. The ab-
FIG. 8. A comparison of possible structure and the correspondsence of any visible difference in Raman spectra, which
ing calculated ED patterns of Ru-1212 structures based on a diffeishould be sensitive to RyQpctahedra displacements, also
ent RuQ layer arrangementa) [100}; zone view of the tetragonal  argues against this model.
RuSKLGdCyOg structure;(b) [110]g view of an orthorhombic dis- A second model is suggested by the ability of Cu to oc-
torted RLﬂCu)SrZGdCL_QOS structu_re induced by a differ_ent tilting of cupy the Ru site positioR5?228and the fact that the physical
the RuQ octahedra in altemating layert;) [110]o view of an  oonerties strongly depend on the sample preparation. It is
orthorhombic distorted Ru,CuSRGACL,0g structure induced by well known that the synthesis of single phase Ru-1212 is far
substitution of a Ru@plane by a CuO chain in alternating layers. from easy. One of the main reasons is that Ru-1212 under-

gether with a displacement of the O1 oxygen atoms out offoes a solid phase decomposition at a relatively low tem-
the plain. A difference in the sense of the rotation of theperature(~1060 °C in oxygen and-1040 °C in aif*~9.
RuQ; octahedra along the direction then leads to a dou- This and the necessity of a high temperature treatment to
bling of thec parameter. The question however remains whyachieve  the  structural  ordering  required  for
successive Rulayers would have a different geometric superconductivit§??* can lead to domain formation and the
configuration. Our experimental data do not give a uniqueormation of secondary phases. Diffusion along the domain
answer, but some data allow us to exclude certain modeldoundaries is much easier and can challenge the growth of a
Taking into account that Ru has the ability to adopt twosecondary phase at the grain boundatfé=or thin films, the
different ionization state¥ R®* and Rd*, one might as- epitaxial stress and the imposed substrate orientation are
sume that the oxygen coordination octahedral, associatesktra parameters. It is therefore difficult to exclude that in
with these differently charged ions, have a different shapeRu-1212 samples substitution of Ru by Cu would take place.
The strain induced by the substrate could influence the elafku substitution by Cu can lead to an oxygen rearrangement
tic interaction between deformed octahedra and an orderinground the R(Cu) site and create Cu chains instead of RuO
of the rotation of the Ru@octahedra along the axis could  planes(Fig. 8(c)). The replacement of a Ry&quare planar

be favored(Fig. 8b)). This ordering could be considered as layer (not considering the apical oxygenby CuO chains

a charge ordering of Rtiand Rd*. HREM image simula- will induce an orthorhombic distortion in the Ru-1212
tions based on this model are presented in Fi@ @nd structure similar to the one in YB@uO,_,. Moreover,
exhibit the main features of the experimental images. Howsecently — superconductivity has been reported in
ever, an ordering of the rotation of the RyOctahedra not Ru,_,Cu,Sr,GdCwOg_s at aT, as high as 74 K122A real-
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along thec direction, Ru@ (FM) and Cy_,RuOg_s (SO
Cu(Ru)O layers(Fig. 8(c)).

A model considering Cu substitution at the Ru positions
along the b direction, leading to formation of
superconducting-normal-superconductin®NS junctions
has been previously propos&lHowever, no evidence for
Cu ordering within the Ru@layer was found. Our model
may also explain the broadening of the resistivity transition
for Ru-1212(Fig. 1).

VI. CONCLUSIONS

The transport and magnetic properties and their correla-
tion with the microstructure have been investigated for
FIG. 10. Filtered 110, experimental HREM image. The inset RuSkLGdCu,Ojq films grown on a100) SrTiO; single crystal
shows the simulated image based on the model of Fig) 8 substrate. It has been shown that for the Ru-1212 films su-
(defocus—55 nm and thickness 8 pm perconductivity is related to the presence of an orthorhombic

Ru;,Cu,SrLGdCwOg_5 phase with unit cell parameters
istic model for the superstructure will assume a partial subs2a,x 2a,Xx 2¢c,. The doubling of thec parameter is the
stitution of Ru by Cu and a random distribution of the Curesult of a different structure in alternating Ru@lanes.
along the layer. The model proposed in Figc)8and image  Several models based on different tilting schemes of the
simulations based on this mod#lig. 9b)) were made for a  RuQ; octahedra and possible substitutions of Ru by Cu have
50% Cu-50% Ru distribution within the layer. The total Cu been considered and a model satisfying all experimental data
stoichiometry would then be 2.25, close to the experimentahas been proposed. For the present Ru-1212 thin films,
EDX data(2.33. The image simulation based on the pro- superconductivity is related to a sandwich type structure
posed model for Ru,Cu,SLGdCWOg_5 x=0.25(Fig. Ab))  containing two subunit phases: superconducting
superimposed on the HREM image of Fig. 10 shows a googku, ,CuSr,GdCu,0g_; and ferromagnetic RugedCu,Oq

agreement between calculation and experiment. layers.
Ru-1212 with the doubled axis can now be interpreted
as a sandwu;h of two slabs': superconductlng/ ACKNOWLEDGMENTS
nonsuperconducting and can be described as a succession of
layers Ry_CusSr,GdCyOg_s— RuUSEGACyOg_s5—---. In This work has been performed within the framework of

other words, the Ru-1212 structure contains, alternatinghe IAP V-I project of the Belgian government.
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