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中文摘要

關鍵詞：氧化物，超晶格，介面，磁性，電子結構，x-光吸收光譜。

氧化物超晶格具有一項特殊的性質，就是在界面上形成一層混合

氧化物層，此一混合層對兩相異超晶格層之間的磁偶合有強烈的影

響。為了探討此界面層與超晶格磁性之關連，我們運用同步輻射光源

進行了一系列的吸收光譜實驗，包括 X-光磁圓雙色性吸收光譜，除

了不同厚度的 Fe3O4/Mn3O4 超晶格樣品，我們也量測了一系列的

Fe-Mn-O 混合氧化物薄膜作為比較以判定界面層的可能成份，我們初

步的研究結果顯示層與層之間的磁偶合確實與界面氧化物的性質有

關，並與各層之厚度也有一定的相依性。



英文摘要

Keywords： Oxide, superlattice, interface, electronic structure, magnetism , x-ray 

absorption spectroscopy.

One of the special properties of the oxide superlattices is the formation of a mixed 

oxide at the interface. Recent studies show that the magnetic coupling between layers 

strongly depends on the composition of the mixed layer. In order to understand the

interplay between the electronic configuration, the atomic structure and the magnetic 

property at the interface, we have performed a series of spectroscopic studies utilizing 

synchrotron radiation light sources. In addition to the Fe3O4/Mn3O4 superlattices of 

different thickness, we have also studied a series of mixed Fe-Mn-O thin films. The 

possible composition at the interface can be identified by comparing the spectral 

shape of the mixed oxide with that of the superlattices. Our results indicate that the 

magnetic coupling between layers is thickness dependent. 



報告內容

I. INTRODUCTION

The magnetic interface effect has been explored more deeply after the expertise

of thin film synthesis and other modern surface techniques became more mature1-5.  

Various magnetic responses have been observed in recent experiments.  Basically, 

two magnetic materials can be coupled directly or indirectly through other materials; 

the coupling can be ferromagnetic (parallel) or antiferromagnetic (antiparallel).  A 

simple-minded model of these types of coupling treats the magnetic configuration at 

the interface as static and only the layer at the interface plays the role.  However, 

more experimental results show that the coupling may be extended into the material 

and the thickness of the film becomes one of the key parameters to define the 

magnetic properties. We have utilized x-ray absorption spectroscopy techniques to 

examine a series of Fe3O4/Mn3O4 superlattices with various modulation wavelengths. 

In order to understand the fundamental mechanism of the antiparallel coupling 

between Fe3O4 and Mn3O4, we have proposed a simple static model suggesting that a 

mixed Fe-Mn-O layer forms at the interface, causing the antiparallel coupling6.  

However, a more realistic model would imply that the spin configuration at the 

interface should form a domain-wall like structure and the domain wall size is 

determined by the energy-related parameters, such as coupling strength or anisotropy 

constant of the parent materials.  From the present experimental results of the M-T 

and M-H measurements, we found that they have strong dependence of the layer 

thickness of Mn3O4 (the layer thickness of Fe3O4 for all samples is fixed).  These 

results provide direct evidences that the magnetic coupling between Fe3O4 and Mn3O4



changes from antiparallel to parallel as the layer thickness of Mn3O4 is less than 4 

nm7.

II. EXPERIMENTS

Five Fe3O4/Mn3O4 superlattices are fabricated by a plasma-oxygen-assisted 

molecular beam epitaxy equipment in a high vacuum chamber, which is similar to the

process given in the 

previous reports7.  Briefly, the base pressure in the chamber is ~3x10-9 torr.  Fe and 

Mn vapor are evaporated from two high temperature cells alternatively into a 

RF-plasma oxygen environment ~ 5x10-5 torr.  The flux rate of the vapor are 

typically ~0.1 nm/sec which can be precisely controlled within 1% uncertainty.  

MgO (001) substrates are chosen due to the low mismatch of the lattice constants. 

X-ray absorption spectroscopy measurements were carried out at beam line 20A of 

NSRRC. In addition to the superlattice samples a series of mixed oxide films were 

also studied for comparison.

III RESULTS

X-ray absorption spectra near O K-edge for the superlattice samples of different 

modulation wavelengths along with Fe3O4 and Mn3O4 thin films are shown in Fig. 1. 

A systematic change in the spectral shapes can be understood in terms of the 

evolution from inverse spinel structure (Fe3O4) to normal spinel structure (Mn3O4). 

From a more précised comparison, as shown in Fig. 2, it is obvious that the 17/17 SL 

sample closely resembles that of mixed oxide films MnFe2O4. We have also observed 

the same similarity between the 17/17 superlattice and MnFe2O4 from Mn and Fe 

L2,3-edge spectra. The results are shown in Fig. 3 and 4, respectively.
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IV SUMMARY

From these initial results we have observed that:

1. A mixed layer of the composition MnFe2O4 is formed at the interface 

of the Fe3O4/Mn3O4 superlattice.

2. From the 17/17 superlattice, we observed almost identical spectra to 

those of MnFe2O4. 

3. We predict that the magnetic property of the superlattice will depend 

on the magnetic behavior of the MnFe2O4 layer. This study is 

currently underway.

Fig. 4
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