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Title of the project

Heusler alloy replacement for Iridium (HARFIR)

Catchy title of the project

Spin electronics with ubiquitous elements

Objective and Issue

Spin electronics is expected to displace volatile silicon memory technology within
the next decade and is already in existence in the read head of hard disk drives (HDDSs).
The demand/supply disruption of the rare metal Iridium is already under way and, as spin
electronics becomes more ubiquitous, the level of disruption and cost will only increase.
The price of Iridium has risen by a factor of 4 in the last five years and by more than a
factor of 10 in the last decade. It is expected to soar perhaps by a factor of 100 due to
its wider applications. Our research programme impacts this key material directly by
providing an improved understanding of a wide ranging class of ternary alloys and we
will seek to find new materials and new compositions of Heusler Alloys (HAS) to resolve
this issue. Specifically, we intend to develop antiferromagnetic (AF) HA films to replace
the AF alloy Iridium Manganese (IrMn). HAs are alloys of the transition metals Iron (Fe),
Cobalt (Co) or Manganese (Mn) with materials such as Silicon (Si) or Aluminium (Al). All



these materials are abundant on Earth and hence success in our project would eliminate
the problem of the soaring cost of Iridium and perhaps its availability in the future. As
shown in the attached chart, Iridium is one of the world’s most scarce elements — three
times as rare as Gold and Platinum, for example —with an average occurrence in igneous
rock of only 0.001 parts per million (ppm).

We combine our expertise in ab initio calculations and HA film growth techniques to
seek highly anisotropic AF HA films. These films will be characterised both structurally
and magnetically using synchrotron beamlines, high-resolution (scanning) transmission
electron microscopy (HR-(S)TEM) and highly sensitive electrical and magnetic
measurement facilities available within the consortium. We will demonstrate a device
concept with the developed AF HA films at the end of this project, fabricating both
tunnelling (TMR) and giant magnetoresistive (GMR) junctions showing an exchange bias
(EB) greater than 1 kOe in sheet form and a blocking temperature (Tg) greater than 300K.
To our knowledge we are the first group to realise the criticality of the position with regard
to the supply of Ir. The innovation within HARFIR is therefore extremely high.

Project main results

We undertook ab initio calculations and computer simulations of the structure and
magnetic properties of AF HAs. We developed an atomistic model to calculate the inter-
atomic spin interactions successfully and determined the origin of their AF behaviour.
Experimentally, we grew thin films of AF and compensated ferrimagnetic (CF) HAs using
ultrahigh- and high-vacuum sputtering techniques. We mainly focused on the AF phases
appearing in the L2:-Ru,MnGe, B2-NixMnAl and A2-Mn;VAI. By combining our atomistic
modelling, we anticipated revealing the origin of the AF phases in these alloys with
different crystalline ordering. Subsequently, EB was successfully observed in the AF HA
film/ferromagnetic (FM) material layered samples for all the three AF HAs at low
temperature, which agreed with calculations using the atomistic model. We performed
advanced characterisations using HR-(S)TEM, synchrotron X-ray facilities, and neutron
diffraction facilities. The microstructure and microscopic magnetic properties were
clarified correlating with AF (CF) and EB properties. We have successfully doubled the
blocking temperature of the AF HA/FM stack as compared to the previously reported
value. With the AF Ru;MnGe, tunnelling devices consisting of a film stack
Ru>MnGe/Fe/MgO/Fe have been realised. Tunnelling was verified by current/voltage
characteristics and a TMR of up to 130% has been measured. With the new reference
AF MnN, GMR devices consisting of MnN/CoFe/Cu/CoFe showed an effective amplitude
of up to 6.2% at room temperature. These achievements are essential for realising AF



HA-based devices which enable a cheap and sustainable supply of spin electronics
products in future. Our systems demonstrated a potential of AF HAs for applications.

Added value from International collaborative work

By utilising ab initio calculations together with initial growth, we effectively selected
five families of AF HAs to investigate in this project. The selected HA films were then
grown using polycrystalline and combinatorial sputtering in the EU as well as single-
target sputtering in Japan. These films were then characterised by complementary
techniques available in the EU and Japan, e.g., high-resolution microscopy and
systematic magnetic analysis in the EU and synchrotron measurements in Japan. The
experimental findings were fed back to calculations to accelerate the search for an AF
HA at room temperature. In addition, the exchange between the EU and Japan
strengthen our collaborations, resulting in student-organised summer schools, for
example.

Scientific production and patents since the beginning of the project

Direct or near term exploitation of HARFIR is unlikely to occur due to the thermal
stability issues associated with the low anisotropy of the AF phases of the HAs that have
been studied. However, following the initiation of HARFIR, there has been a very
significant upsurge not only in the study of HAs for technological applications themselves
but also in the search for alternative AFs to IrMn. To our knowledge, there are now about
seven significant research groups around the world involved in this activity, whereas at
the outset there were none. The level of interest in HAs for technological applications is
manifested by the fact that Seagate are now partially supporting a PhD student at the
University of York who is looking at ferromagnetic phases of these alloys for potential
application in HDD read heads.
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Abundance of the chemical elements in Earth’s upper continental crust
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Factual information

The HARFIR project is a fundamental research project coordinated by Atsufumi
Hirohata of the University of York in the EU and by Koki Takanashi of Tohoku University
in Japan. It associated Bielefeld University, the University of Konstanz and Budapest
University of Technology and Economics in the EU as well as the High Energy
Acceleration Organization in Japan. The project started on 1% September 2013 and
lasted 43 months. The EU grant amounted to €1,781,910 and the JST grant amounted
to ¥175,110,000.




Consolidated public summary in Japanese
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