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We report measurements of magnetic ordering temperature, magnetic moment, and resistivity of
Lag Ca MNnO3/LaNiOz and Lg Ca ;MNnO3/Erg 7Sty aMnOg, thin film superlattices. The ordered moment
per Mn ion of the ferromagnetic layers undergoes a giant quenching as the insulating spacer layer
(Erp 7SIp.aMn0O5) thickness is increased. We attribute the quenching to random pinning of;tgins of Mn
ions in a disordered interfacial zone of length sceleThe nonzero quenching followed by full recovery seen
at largen in superlattices with the metallic spad&aNiO3), suggest a mobile-carrier-assisted depinning of the
tyy Spins in the disordered zone.
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Thin film multilayers of 3, 4d, and 4 series metals have the ordered magnetic moment per Mn ion in manganite-
been a topic of active research for many decades. A varietpased superlattices through measurements on
of fascinating phenomena have been observed in such syha, ,Ca, ;MnO3/LaNiO; (LCMO/LNO) and
thetic periodic structures? With the discovery of highT,  Lay /Ca qMnO3/Ery ;Sih MnO; (LCMO/ErSMO) systems.
superconductivity and colossal magnetoresistance in dopethe choice of the spacer materials LNO and ErSMO, has
transition metal oxides, research is now focused on periodibeen made on the basis of their nonmagnetic character, mini-
structures of the doped oxidés8 Amongst these, the super- mum lattice mismatch with LCMO and their diverse electri-
lattices where thin layers of a ferromagnefidM) manganite  cal behavior. Earlier measurements have shown LgN@©
are separated by a nonmagnetic oxide of metallic, supercoe metallié® and Ep,SrsMnO; an insulator down to
ducting or insulating character are of particular attention4.2 K21 In the LCMO/LNO system, we observe -a20%

The fundamental interest here is to understand the longdrop in moment when the spacer is very tlfial to 2 unit
range magnetic ordering across nonmagnetic spacers, and tbells, u.c). At this stage, the conductivity of the superlattices
coexistence of ferromagnetism and superconductivity. Techis dominated by a strain-related interfacial disorder. The mo-
nologically, spin polarized transport and large magnetoresisment per Mn ion quickly recovers its bulk value on increas-
tance are potentially accessible at room temperature and loimg the spacer thickness. In the LCMO/ErSMO system, the
magnetic fields in oxide-based systems. moment per Mn ion of the magnetic laydrCMO) shows a

As in the case of @ transition metal superlatticés? sig-  rapid drop followed by saturation at larger ErSMO thick-
natures of oscillatory exchange coupling have been seen imesses. From the magnetization data, we have extracted a
some multilayers of manganité$!® However, the magne- critical distance\. from the interface over which the Mn-site
totransport and magnetic coupling in these systems are seapins are pinned by the stereochemical disorder, which arises
sitive to the stereochemical distortions in the coordination oforesumably from distortions in the nearest neighbor environ-
magnetic ions at the interfaces. For example, Izemal”  ment of the Mn ions. While tha, attains saturation value in
have observed a large quenching of the magnetic mometite LCMO/ErSMO system, in LCMO/LNO it tends to di-
per Mn site in Lg Sl MnO3/Lag ¢St 4F€0; multilayers  minish as the spacer layer thickness is increased. Since LNO
where the Fe-based perovskite i§aype antiferromagnetic is metallic, this observation strongly suggests mobile-carrier-
(AF) insulator. These authors attribute the suppression ofissisted depinning of the Mn spins in the critical zone.
the moment to frustration of Mn spins at the interfaces due A pulsed laser deposition system has been used for the
to their proximity to the G-type AF spin arrangement. growth of LCMO/LNO and LCMO/ErSMO multilayers on
Measurements by the same group on(001) oriented LaAlQ substrates(lattice parameterag
Lag ¢S 4MNOs/ Lag 455t sMnOs, where the Sr-rich spacer =3.792 A), which provides a low-lattice-mismatch surface
compound is anA-type metallic antiferromagnet, do not for epitaxial growth. However, the constituent films are ex-
show any suppression of the moméhhile there is a large  pected to be under compressive stress because of the nega-
difference in the electrical conductivity of the spacerstive lattice mismatcta {=(ag—asm)/ag}, which for LCMO,

Lag 4551 5MN0O; and La ¢Sty JFe0;, Izumiet al/tattribute LNO, and ErSMO is —1.8%, —-0.9%, and —0.7%, respec-
the drop in the moment only to th&-type spin arrangement. tively. The superlattices were synthesized by repeating 15
However, a similar quenching of the moments is also obtimes the bilayers comprising of 20 u.c. LCMO andi.c.
served in superlattices where the ferromagnetic layers dfNO or ErSMO, with n taking values from 1 to 10. The
Lag ¢Sty 4MNO; or Lag LCay ;MNO5 are separated by an insu- periodicity of these structures was confirmed from the posi-
lator such as SrTigQ which does not show any magnetic tions of superlattice reflections in x-ray26 scans’!?> Most
ordering®815 of the magnetization measurements were carried out at 1IT-

In this paper we address the issue of suppression dfanpur using a superconducting quantum interference de-
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FIG. 1. Zero-field electrical resistivityp(T) of some 0 100 200 300
(Lag [Cay sMNn0O3),/ (LaNiO3),, superlattices plotted as a function of Temperature (K)
temperature. A log-log scale has been used to emphasize the low-
temperature behavior of the resistivity and the large change&in FIG. 2. Zero-field electrical resistivity p(T) of
as the thickness of the spacer layer is increased. Inset shows thed0.7Ca 3MNO3)m/ (Ero 7St sMnO3), superlattices plotted as a
resistivity of LCMO and LNO films. function of temperature. Data for selected valuen afe shown for

the sake of clarity. Inset shows the resistivity and magnetic suscep-
vice based magnetometéuantum Design—MPMS-5X),. tibility of a 2000 A thick Eg-SiMnO; deposited on(001)
with the magnetic field aligned alon@10 direction in the  LaAlO; substrate.
plane of the superlattice. The resistivity of the samples was
measured in the current-in-plane geometry. on these highly resistive samples is not free from ambiguity

In Fig. 1 shows the zero-field resistivity of some LCMO/ due to the percolative nature of transport in the disordered
LNO superlattices over the temperature window of 4.2 K tointerfacial region of thickness-25 A, as discussed in the
300 K. As seen in the inset of the figure, a single layer filmfollowing section. Thep, of these superlattices goes down
of LaNiOj3 is metallic with a temperature dependence of thedramatically and th@" shifts up with the decreasing The
type p(T)=po+aT+BT? where the coefficientsy, @, andB  behavior of resistivity displayed in Fig. 2 is typical of a
are 1x10%Qcm, 4.18107QcmK™? and 1.648 manganite-based superlattice where the layers of a double-
X 10°° ) cm K2, respectively. The resistivity of LCMO on exchange-ferromagnet are separated by an insi&t&h1°
cooling reaches a peak value-aR60 K, followed by a pre- The dramatic increase in the low temperature resistivity with
cipitous drop and then a monotonic decrease down to 4.2 Khe thickness of ErSMO layers is accompanied by quenching
The low residual resistivity{pg), and the sharp peak at the of the magnetic moment of the LCMO layers. In Fig. 3 we
Curie temperaturd& are indications of a good quality filif.  show the zero-field-cooled-H curves of some LCMO/
For the lower values afi, the resistivity of the multilayersis LNO and LCMO/ErSMO superlattices taken at 10 K. The
dominated by the LCMO layers and by a disordered interfafield dependence of magnetization in LCMO/ErSMO multi-
cial phase as discussed eadfefor the case of multilayers layers is remarkably different from that in the LCMO/LNO
with 10 u.c. thick LCMO. These samples also show a largesystem. Here the remnant magnetizatity) drops consid-
magnetoresistance dt<T.. For higher values oh (=4), erably even when the ErSMO layers are only 1 u.c. thick.
however, the current paths are shunted by the much mor€his drop inM, continues with the increasing. We have
conducting LNO. A large drop in M®-?2and the disappear- also noticed that while the zero-field-cool&t-H loops of
ance of the peak ip(T) at T, are indicative of this shunting. the samples are symmetric about the origin, the field-cooled

The temperature dependence of electrical resistivity of théoops show a shift towards the negatideaxis?* This obser-
LCMO/ErSMO superlattices is shown in Fig. 2. Pure Er-vation indicates exchange biasth@f the moments in
SMO is an insulator devoid of any FM or AF ordering down LCMO. Interestingly, such effects are not seen in the case of
to the lowest temperature, as evident from the susceptibility CMO/LNO where the spacer is a metal. Unlike the case of
vs temperature plot shown in the inset of Fig. 2 for a 2000 ALCMO/LNO, the M-H loops of LCMO/ErSMO system also
film. The resistivity of the superlattices with>7 remain  do not reveal a distinct saturation fie{ty) and saturation
thermally activated down to the lowest temperature. How-moment(M). We have extracted tHd by extrapolating the
ever, the rise 0p(T) is truncated below a critical temperature linear part of theM-H curve toH=0. Similarly, the satura-

T" which is lower than the Curie temperatufe inferred tion field Hg has been identified as the field above which the
from magnetization measurements. In fact, a quantificatioomagnetic moment approaches a linear field dependence.
of magnetic ordering temperature fropT) measurements If we attribute theM of the multilayers entirely to the Mn
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FIG. 3. Zero-field-cooled vs H plots of the superlattices mea-  FIG. 5. Thicknesg\) of the disordered interfacial zone is plot-
sured at 10 K. Only a small part of the negative branch of the loop$ed as a function of the spacer layer thickness for the two types of
is shown for the sake of clarity. The axis is in units of Bohr  superlattices. Inset shows a sketch of the disordered zone.
magnetron(ug) per Mn ions of the LCMO. )

the bulk value for LCMO(~3.7 us). Figure 4 also shows
ions present in the LCMO, then the variation of moment pertn€ variation off; with n. A close resemblance is seen in the
Mn ion with n is strikingly different for superlattices with the Variation of Tc andMj with n'in both kinds of superlattices.
insulating and metallic spacers. As evident in Fig. 4, he  While they continue to drop with the increasingn LCMO/
drops precipitous wit in the case of the former, whereas in EFSMO, the initial drop is recovered in LCMO/LNO super-

the latter, the initial drop is followed by a quick recovery to lattices at the higher values af The quenching of magne-
tization per Mn ion of LCMO can be viewed as random

pinning of thet,y spins of each Mn site in the vicinity of the

(@ @ MMJlc) @ M) LCMO-spacer interfaces. The possible scenario is sketched
300¢ 300 . : . "
2, A p(D A p(T) _ in the inset of Fig. 5. The critical length scale,) from the
) i . s ) interface over which the Mn spins are frozen, has been cal-
~ 200 “3.\ ._.n.._.s‘ 200 o culated from the difference between the theoretical value of
B a8 et A‘--é‘-:" saturation magnetization per Mn ion in LCMO, and the mea-
100 ‘\‘. 100 sured saturation moment. Figure 5 shows the variatiox,of
ax, with nin the two types of superlattices. The critical length in
ErSMO LNO the case of ErSMO spacer first increases rapidly wjtand
4 & @ 4 ~ then reaches a saturation value of 25 Anat 10. For the
§ * * JOE ZPE § LNO spacer\, peaks to~7 A atn=2 and then decays to
\ Lot # - i
= 3t "3 - «,/{ { 3 E zero atn>7 within the uncertainty of these measurements.
& s Here it needs to be emphasized that our calculation assumes
£ 2t “g 2 3;" an abrupt boundary between the pinned and free spins. The
e ¢ !__f_! Em boundary, however, can be diffused. The result shown in Fig.
= 1t Il 1 5 thus puts a lower bound on the thickness of the disordered
ErSMO LNO region_
0 4 8 0 4 8 0 The most likely source oh. and itsn dependence in

Spacer layer thickness (uc)

LCMO/ErSMO superlattices is the interfacial disorder at
various interfaces. Two possible mechanisms for such disor-

FIG. 4. Panelga) and(c), respectively show the variation f, der can be identified. One is of a metallurgical origin where
as a function of the spacer layer thickness. The critical temperaturditermixing of the constituent elements of LCMO and the
(To) has been deduced from magnetization as well as resistivitppacer takes place at the interfaces. However, x-ray diffrac-
measurementsthe critical temperature deduced from resistivity tion and high-resolution transmission electron microscopy
measurements has been defined’a the tex). The variation of  studied?141524-2on manganite and highi, based superlat-
saturation moment per Mn ion for samples with ErSMO and LNOtices reveal relatively sharp interfaces. While we have not
spacers is shown in panels) and (d), respectively. undertaken a detailed study of the interfacial mixing, it is
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expected to be negligible as our deposition conditions werapins in the disordered zone. Such carrier-assisted ordering
similar to those used in studies where the interfaces havef moments abounds in dilute metallic and semiconducting
been analyzed in detdi:'>However, even an ideal termina- alloys with magnetic impuritie®®3! This scenario also
tion can lead to four different kinds of interfaces between thesyplains why a large quenching of the moment is seen
1 1 ’ ’

films of two perovskites AB@and A'B’O; grown along the Lag ¢S MNOs/Lag Sty Fe0;  (Ref. 7 and

(001) direction. For the case of LCMO-ErSMO system, theseLao_§ro_4Mn03/SrTiO3 (Ref. 15 superlattices where the

Eﬁ;m'nat'o&'ﬁ(irgﬂéohggzsg‘%fggob'_\A,\;n(?é'zEro-ﬁro-(?? ) Spacer is poorly conducting, and the moment retains the bulk

Lag 1Cay 0 -MnO,-Mn’ O, - Ero Sk, 10, and (iv), value of La)_bSrOAI\_/InOg in _superlattices_ where the spacer
Lag Cay 40 -MnO,-Ery -Stp £0-Mn'O,, where Mri repre- (Lag 45S1h.5MNn05) is an antiferromagnetic met&.

sents the manganese ions of the ErSMO. While in configu- In summary, we have compared the changgs, mag-
rations(i) and(ii) the Mn ions get their natural coordination, netic ordering temperature and saturation moment of two
configurations(iii) and (iv) are far from being ideal. These La,Ca, ;MnO5-based multilayers where the nonmagnetic
changes in the nearest neighbor environment of the magnetgpacer is a metal in one case and insulator in the other. The
ions at interfaces, and modifications in bond angles and bondrdered moment per Mn ion of the ferromagnetic layers un-
distances due to interfacial strain would lead to a disordergergoes a giant quenching as the insulating spacer layer
which can be christened as stereochemical disorder. In Mehickness is increased. Experiments suggest that the quench-
tallic systems, su_ch strain related _disor_d_er, which affect_q:ng is caused by pinning of thg, spins of Mn ions in the
magnetic _properties, has been identified as magnetigiereochemically disordered interfacial region of a critical
roughness$™2* The rapid increase followed by saturation of thicknessh,. We note that the quenching effects are not sig-
Ac atn>7 in LCMO/ErSMO superlattices is consistent with pificant when the spacer layer is a metal, suggesting mobile

this picture. Since the lattice parameters of ErSMO and LNGyarier assisted depinning of the Mn-site spins in the disor-
are very closgAa~0.1%), a similar behavior ok, should  §ered zone.

be expected in the case of LCMO/LNO superlattices. How-

ever, unlike ErSMO, LNO becomes highly metallic once its  This research has been supported by a grant from the
thickness increases beyond a few unit cBiFhe presence Department of Science and Technology, Government of In-
of mobile carriers in the spacer and their motion across thélia. The authors thank Dr. R. Lobo for some preliminary
interfaces is expected to enhance the coupling of Mn-siténagnetization measurements.
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