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Report: 

 

It was the aim of the experiment to study the atomic structure of the Co/Pb(Zr,Ti)O3 

(Co/PZT) interface using surface x ray diffraction. The experiments were carried out 

very successfully and new insights into the interface structure could be obtained which 

are important for a deeper understanding of the magnetoelectric coupling across the 

interface. In the following we provide a short overview over some results, a more 

detailed discussion will be provided elsewhere [1]. 

The Co/PZT/LSMO/STO heterosystem represents a prototype of a multiferroic 

tunneling system [LSMO:= (La, Sr) MnO3; STO=: SrTiO3], where Co and LSMO serve 

as ferromagnetic (fm) electrodes separated by a ferroelectric (fe) tunneling barrier 

PZT. In addition to the mutual orientation of the fm electrodes, the fe barrier opens a 

new degree of freedom for the manipulation of the tunneling conductance. An open 

question is the detailed interface structure which is important for the development of a 

theory of the magntoelectric coupling [2,3].  

The two unit cell thick PZT film was grown on 20 nm thick LSMO on bulk STO(001) 

by pulsed laser desposition. SXRD data were collected for the pristine and the cobalt 

covered samples at the beamline ID03 using a photon energy of 24 keV and a two-

dimensional pixel detector. Figure 1 shows as a representative example the (31L) crystal 

truncation rod for samples with different cobalt thicknesses as expressed in monolayers 

(ML). Experimental and calculated structure factor amplitudes, |F|, are represented by 

symbols and lines, respectively. High quality fits could be obtained for all rods 



(typically 6-8 symmetry independent rods being equivalent ot approximately 1200 

reflections. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 shows the structure model for the pristine sample. The PZT film is terminated 

by a (Zr,Ti)O2 layer while some intermixing between Pb and La is observed at the 

PZT/LSMO interface. Adsorption of cobalt involves the initial formation of a cobalt 

oxide layer (not shown), which bears many resemblances with the AO-type layer 

observed in the perowskite structure [1]. Our results are important for the 

understanding of the magnetoelectric coupling involving the cobalt induced 

magnetization of the PZT top layer titanium atoms [1]. 

This work is supported by the DFG through SFB 762. We also thank the ESRF staff for 

hospitality and support.  
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Fig.1: The (31L) crystal truncation rod 

for the pristine and cobalt covered 

PZT/LSMO/STO(001) samples. 

Symbols and lines represent 

experimental and calculated structure 

factor amplitudes, respectively. Un-

weighted residuals are in the 15% range. 

Data sets consist of six to eight 

independent rods comprising about 1200 

reflections in total. Successive curves 

are shifted by five units in |F|. Note the 

distinct increase of |F| with cobalt 

coverage close to the anti-phase 

condition. 

Fig.2 Structure model 

of the near surface 

structure of the pristine 

PZT/LSMO/STO (001) 

sample. Atoms are 

labelled. The PZT film 

is terminated by a 

(Zr,Ti) O2 layer, while 

some intermixing 

across the PZT/LSMO 

interface is oberved. In 

agreement with Ref.[3] 

the PZT film is  

positively polarized  
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