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•	The newly-discovered Fe-based superconductors (see panel at right) may be useful for a 
number of applications
  -  Josephson Junctions, SQUID devices, coated conductors, etc.

•	However, to assess their usefulness, they need to be fabricated in a controlled manner
  -  Thin films are an excellent way to accomplish this

•	Thin film devices based on these materials require
  -  Chemically inert phase boundaries
  -  Controllable defects
  -  Single crystalline films (achieved through epitaxial growth)
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there are at least four known families of fe-
based superconductors.  the ae (fe1-xcox)2as2 
family (where ae = ba, written “ba-122”) 
is studied here.  The one structural feature 
common to all Fe-based superconductors is a 
tetrahedrally-coordinated FeAs layer.

the ba-122 family exhibits metallic behavior.  
interfaces on oxide substrates are thus sub-
ject to metallic/ionic bonding considerations, 
discussed in detail below. When a metallic 
substrate is used, the interface is more coher-
ent (T. Thersleff et al. apl 97 (2010) 022506)
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at left, an energy filtered 
teM (efteM) overview of 
the epitaxially grown ba-122 
thin film obtained with the 
three-window method.  in 
(a) - (c), the raw data for the 
rGb composite in (e) are pre-
sented.  in (d), the zero-loss 
peak from the filtered region 
is presented as a reference.  
a bright layer at the inter-
face denotes the iron-rich re-
gion observed in (e).  parts of 
this interface appear amor-
phous, although the iron lat-
tice spacings can be   ed in 
(f).  in (g) and (h), the energy-
filtered signals for ba and fe 
respectively are presented.  
these data clearly reveal the 
presence of an iron rich layer 
at the interface along with 
a ba-rich diffusion layer into 
the lsat substrate.

a high resolution steM image of the ba-122/substrate interface on srtio3 (sto).  crystallo-
graphic ordering at the interface is lost on this substrate as well and a bright contrast appears 
within first few atomic layers of srtio3.  it seems likely that this is then a mixture of batio3 
and srtio3.  stacking faults are also observed in this film.  one explanation is that the ba-122 
phase is oxidized upon contact with the srtio3, resulting in the loss of as.  excess fe then ac-
cumulates at the interface and as-poor stacking faults grow within the non-stoichiometric 
ba-122 phase.

•	Ba-122 deposited on oxide substrates may lead to interdiffusion
  -  Loss of As due to surface oxidation
  -  Excess Ba diffuses into substrate
  -  Excess Fe accumulates at interface

•	Interdiffusion layer results in loss of crystallographic ordering
  -  Need to optimize deposition conditions for individual substrates
  -  Defect structure likely to be influenced by substrate choice

•	Various defect types can be observed
  -  Stacking faults where the FeAs layer is lost may be caused by stoichiometric changes 

resulting from substrate
  -  Stacking faults on thev  Ba layer can be induced through irradiation, likely due to 

poor heat conductivity within this layer
  - Planar defects and strain regions can be observed in these films.  These should influ-

ence the macroscopic current transport properties of these materials

Deposition of Ba-122 on oxide substrates requires comprehensive optimization 
and a detailed understanding of the metallic/ionic bond at the interface

in-situ observation of the generation of a stacking-fault defect in ba-122.  the film was scanned 
in steM mode using a high electron dose.  unlike stacking faults observed in films deposited 
on oxide substrates (see lower left), this defect is confined to the ba layer.  this may be ex-
plained by inefficient phonon transport along this layer, suggesting that it is the feas layer 
that exhibits metallic behavior in this system.  the images were filtered to reduce noise in 
digital Micrograph using a script by D. Mitchell (http://www.felmi-zfe.tugraz.at/dm_scripts/) 
based on work by R. Kilaas (J. Microscopy 190 (1998) 45-51)

ba-122 films deposited on epitaxially-grown iron, as shown here, generally contain fewer de-
fects than when deposited on oxide substrates.  the types of defects that do exist tend to be:
1) planar defects propagating along the (0 0 2) plane
2) planar defects propagating along the (1 0 2) plane
3) strain regions at the interface.  these may be misfit dislocations or they may be caused by 

surface steps in the iron layer

In-situ defect generation using STEM:
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at right, a series of spectra were ac-
quired using eels in steM mode 
scanned in the indicated direction 
across the interface.  significant points 
are labelled with letters in the figure 
as well as on the graph.  the “dark” 
region appears slightly iron-rich while 
an increase in the ba signal is ob-
served in the substrate.  the dark in-
terdiffusion layer between b and c is 
likely dominated by elements with a 
low atomic number, such as fe.
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  Goals of this work
  -  Investigate substrates suitable for ba(fe1-xcox)2as2 (Ba-122) thin films

  -  Assess the microstructure and defect landscape of these thin film systems


