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Abstract— An anomalous magnetism is observed in an ex-situ 

bilayer of high-temperature superconductor YBa2Cu3O7- 

(YBCO) and colossal magnetoresistive material La0.67Ca0.33MnO3 

(LCMO).  The magnetism results in strong in-plane anisotropy of 

the resistance and surprising double-peak feature in the 

temperature dependence of resistance associated with the 

interplay between superconducting transition and the 

establishment of the magnetic order in the interface. Magneto-

optical-imaging (MOI) reveals a stripy magnetic ordering in the 

bilayer, that could explain the unusual behavior of the resistance. 

The magnetization measurements demonstrate strong and 

irreversible magnetism, which could be associated with re-

orientation of the magnetic moment of interface. The novel 

magnetic behavior could find practical use exploring the link 

between conductivity and magnetism of the interface. 

Keywords—high temperature superconductor; colosal 

magnetoresistance material; bilayer; interface; nano-magnetism. 

I.  INTRODUCTION  

      A lot of effort have been put forward during the last forty 

years to develop the field of spintronics [8]. As technology 

improved the use of spintronics has become widespread, and 

today used of magnetoresistive random-access memory 

(MRAM) are of great importance [8]. A special attention in 

the area is attracted to spin-based systems coupled with high-

temperature superconductors [4], as they may in the future 

prove to be vital to for instance quantum computations [3].  

 

     There is currently a great interest in identifying material 

combinations that merge spintronics and superconductivity to 

enhance device functionality and performance [4].  Systems 

like LCMO/YBCO superlattices generate a lot of interest due 

to the interplay between spin polarized electrons in LCMO, 

and superconducting Cooper pairs in YBCO. As these are 

competing states, it may in a way be possible to control 

superconductors by spin injection [5][10]. An advantage of 

working with this system is that both takes the perovskite 

structure, and can therefore be grown epitaxially on each 

other.  

 

     In recent years, advanced imaging of the magnetic phases 

in superconductors has been performed by MOI [6][7][9]. This 

has for instance revealed the close-packing of vortices and 

dendritic flux avalanches in type-II superconducting thin films 

[11].  

 

     In this paper an ex-situ thin film sandwich of 

LCMO/YBCO is investigated, and shows electronic properties 

different from them found in literature. Some competing states 

may be present and challenging the Cooper pair below the 

critical temperature of the superconductor. Along with MOI 

we reveal a possible correlation between the different 

properties of the system. 

 

II. EXPERIMENTAL METHODS 

     A thin film sandwich of LCMO on YBCO has been 

epitaxially grown by pulsed laser deposition (PLD) on a 

SrTiO3 substrate. The sample was removed from the 

evacuated chamber between the deposition of YBCO and 

LCMO. The film has also been exposed to air over a long 

period of time prior to measurements, probably oxidizing the 

surface of LCMO to the stoichiometric value of the 

perovskite. 

 

     Temperature dependent conduction properties have been 

investigated with four probe transport measurements while the 

temperature was cryogenically controlled with liquid helium 

(He). The contacts are made with highly conductive Indium 

(In) and are only in direct contact with the LCMO layer. 

Measurements were done with a constant voltage of 0.1, 0.3, 

1.8 and 5.0 V respectively. 

 

      Magnetic measurements has been performed with a 

Quantum Design Physical Properties Measurement System 

(PPMS) from 10 – 300 K in a DC magnetic field of 0.05 and 1 

T. The sample was mounted with the plane of the film in a 20 

degree angle to the magnetic field. 

 

      XRD measurements were performed on a PanAlytical 

Empyrean diffractometer with a 4-bounce Barthels 

monochromator (asymmetrically cut Ge(220)) as primary 

optics and a PIXcel3D detector. SEM images were collected 

with a Hitachi SU8230 Scanning electron microscope. 

 

 

mailto:pavlo.mikheenko@fys.uio.no


  

Figure 1: Resistivity of LCMO/YBCO as function of temperature, 

measured during cooling. The inset zooms in close on the high-resistivity 

peak.  

 

    Magneto-optical-imaging were performed by sending 

polarized light through a magneto optical film (Y3Fe5O12 + 

Bi), which is a faraday active crystal, mounted on top of the 

sample. A mirror placed between the sample and the magneto 

optical film reflects the light so it only feels the surface 

magnetization on the top of the sample. The polarization angle 

is changed depending on the magnetic field in the sample film. 

The light exiting the sample is analyzed by a polarization filter 

mapping the magnetic field distribution. The experiment was 

performed at 3.8 K. To capture the picture differential imaging 

was utilized by rotating a magnet around the sample to move 

the magnetic moment of LCMO out of plane. 

 

III. RESULT AND DISCUSSION 

     In the temperature dependent transport measurements 

(Figure 1) the expected drop in resistivity is observed around  

 
Figure 2: Resistivity as function of temperature, measured during 

heating. The left inset zooms in on the peaks, while the right inset 

compares heating and cooling measurement for 0.3 V. 

 
Figure 3: Resistivity as a function of temperature for the 0.1 V 

measurements during both heating and cooling. The left inset compare 

these with the measurement at 5.0 V, while the right inset shows the 

derivative of 0.1 V and 5.0 V measured during cooling. 

 

the critical temperature of YBCO (approx. 90 K). At higher 

temperature we are seeing semiconducting behavior all the 

way up to room temperature. This is, however, in 

contradiction to the expected superposition of the individual 

resistance of LCMO and YBCO from 300 – 80 K [12]. 

 

     Below Tc of YBCO we would expect the superconducting 

state to dominate the conduction properties, but instead a 

voltage dependent peak in resistivity appears (Figure 1). With 

higher voltage the peak width is increasing, and the 

temperature is changing, but a trend in peak temperature is 

absent. This high-resistance peak has, for all voltages, a quite 

significant tail towards lower temperature, but the resistivity is 

converging to approximately the same value. 

 
      A small thermal hysteresis is observed with measuring 
down and up in temperature, but in the warming measurements 
the peaks are much closer to each other (Figure 2 and 3). 
Thermal difference between the sample and thermocouple may 
have been larger in the cooling-measurements. The tail is also 
smaller in the warming experiments. This causes us to believe 
that the temporary high-resistance state is killed by the 
preferred superconducting state just below the peak 
temperature. 

 
     During transport measurements the sample may also feel a 
small heating due to the direct current imposed on the sample. 
Since the sample and thermocouple is not in direct contact a 
temperature difference can occur. The heating has probably 
increased with increasing voltage, and can explain the 
increased peak width. A 5.0 V measurement with heating could 
not be performed due to the damage imposed in the sample by 
applying such a large voltage below the superconducting 
transition. The derivative of the resistivity is flattening out 
much slower for the measurement at 5.0 V, either caused by 
additional heating or an extended transition (Figure 3). 



 
Figure 4: MOI showing the in plane magnetization of the LCMO thin 

film surface. The sample is covered with an MO-indicator film and the 

red line indicates where the sample ends. The contrast in the picture is 

representative of areas of strong and weak magnetic fields shown as 

bright and dark areas accordingly. 

 

     Further investigation of the superconducting state was 

performed with MOI, a technique used to map local magnetic 

fields inside a sample. A stripy feature is observed on the 

surface of the film (Figure 4), indicating a domain-structure 

with narrow regions of alternating spins. This causes a severe 

anisotropy in conduction properties in different directions of 

the film. Though LCMO is supposed to be a spin-polarized 

material, it appears to be a spin-domain structure present at 

low temperatures. This image is captured at 3.8 K, but at 

higher temperature the contrast was poor and did not provide 

the same features. This magnetic phase may therefore not be 

the origin of the high-resistivity peak.  

 
     This anisotropy still affects the conduction properties quite 
significantly, over a large temperature range. In resistivity 
measurements performed parallel to the stripy domains we 
observe the high-resistance peak around 70 – 80 K, while this 
is not the case when measuring perpendicular to the stripy 
domains (Figure 5). Electrons seem to feel these domains as 
large barriers, larger than the effect of the high-resistance peak. 

 

     Expectations were for a while that the Curie-point of 

LCMO is moved to low temperature due to oxygen non-

stoichiometry, and is interfering around the high-resistance 

peak. Magnetic measurements indicate on the other hand that 

the Curie-point is located approx. at its expected value, around 

250 K. From the magnetic measurements (figure 6) three 

different regions is observed. From room temperature and 

down to approx. 70 K the magnetization seems to first 

increase, and then stabilize below 170 K, as in a ferromagnetic 

material. This indicates that the Curie-point of LCMO is 

approx. at its expected values, and is not the reason for the 

high-resistance peak at 80 K. 

 

At the lowest temperatures, below 40 K, susceptibility is 

increasing, probably due to weak paramagnetism from 

 
Figure 5: Resistivity measurement perpendicular and parallel to the 

stripy domains observed by MOI in LCMO/YBCO measured with 0.3 V. 

 

 
Figure 6: Magnetic measurement done with a DC field of 1 T. Here 

ZFCW zero field cooled sample measured during warming, FCC is field 

cooled measured during cooling, and FCW is field cooled measured 

during warming. The heating/cooling directions are indicated by small 

arrows. The large green arrow indicates the approximate Curie-point of 

LCMO. 

 
uncompensated Mn or Cu, as these are the only paramagnetic 
ions in the compound. The most interesting feature is observed 
from 50 – 70 K, a peak in magnetization. This is due to some 
strongly magnetized phase which only exists within a small 
temperature interval, and may be a magnetic phase originated 
in or close to the interfaces. This peak is, however, not present 
when measuring during cooling, indicating that the phase is 
forming at low temperature. The sample may be breaking free 
from a low-temperature state, and entering a region where all 
properties are determined by the same features as those 
creating the high-resistance peak.  

 

 



 
Figure 7: XRD pattern of the sample. The inset zooms in on the rightmost 

peak. The different phases are indicated with arrows. 

 

     As discussed by [1], a competing process of self-injection 

of exited Cooper pairs into LCMO and external injection of 

spin polarized electrons from LCMO into YBCO can occur. 

The spin polarized electrons suppress the creation of Cooper 

pairs near the interface with LCMO [10], which may 

contribute to the voltage dependent resistivity peak we see 

during the superconducting transition.  

 

     This may find support in the fact that magnetic ordering is 

generally more robust in the LCMO, where the exchange 

energy is typically 1 eV, than in the superconductor, where the 

exchange energy is typically much lower, 0.01 eV [2]. Due to 

the half-metallic properties of LCMO, the applied voltage is 

proportional to the relative shift in density of states for one 

spin polarization in reference to the Fermi energy. This will 

allow more spin polarized electron to enter YBCO as the 

voltage is increased. We support this explanation by the 

increased height of the high-resistivity peak with increasing 

voltage, best seen in the heating experiments (figure 3). 

 

     To explain the difference in properties compared with 

literature we wanted to investigate the structure and 

morphology of the film. The collected XRD-pattern is shown 

in Figure 7. The film shows quite poor crystallinity compared 

to other films deposited with PLD, and has a rough surface. 

The top layer films are visible as a shoulder on the right hand 

side of the main peak from the STO-substrate. In addition, 

some unknown peaks with low intensity appear at approx. 30 

and 45 degrees. This causes us to that there may have been 

some inter-diffusion between the LCMO and YBCO layers. 

This can have created a quite wide interface, with different 

properties then that of the pure compounds. Since the 

magnetization peak was not observed when measuring with a 

0.05 T field, indications are that the magnetic phase is very 

thin. This may on the other hand just be that the film is very 

thin compared to the substrate, causing a low signal. 

 

     Further studies of the surface were done with SEM (Figure 

8), since XRD was not conclusive. Though we see a film on 

the surface, EDX does not indicate two separate layers of 

LCMO and YBCO. An approx. 200 nm thick layer enriched 

with copper is seen near the surface, but no other elements are  

 
Figure 8: SEM images (left) and EDX map (right) of a cross section of the 

film. The lower left image is the surface of the film seen from above. 

 

clearly connected to the top layer. The background dominates 

for all other elements, and peak overlapping in the EDX-signal 

makes quantizing difficult. An interesting feature on the 

surface is observed, several small holes and domains are 

present. The origin of these is unknown, but may very well be 

important for the properties of the film. 

 

     Still it is remarking that the effect we observe is not seen in 

other experiments on similar systems [13][14]. The main 

difference between this and other films is the exposure to air 

between deposition of LCMO and YBCO. Some surface 

species may have been adsorbed on YBCO when LCMO was 

deposited, causing a wide interface to equilibrate over time, 

with some inter-diffusion of different elements, like Cu and 

Mn. Further investigation of these thin film systems is 

recommended. 

 

IV. CONCLUSION 

      An ex-situ LCMO/YBCO bilayer shows anisotropic 

conduction properties caused by narrow magnetic domains in 

LCMO. A high-resistivity peak appears just below the critical 

temperature of YBCO, probably caused by interplay between 

spin polarized electrons and Cooper pairs at the 

LCMO/YBCO-interface, influenced by the chemical shift 

caused by the applied voltage in the current loop.  
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