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Abstract: Our research relates design-synthesis and systematic investigation of the 

physics  in  electronically  correlated materials.  The proposal  employees 
bottom up engineering for metal-oxide-nanoparticle-based architectures 
with  more  than  one  primary  ferroic  order  parameters  in  a  single 
nanomaterial.  The  efficiency  of  interface-enhanced  phenomena  in 
magnetoelectronics  is  studied  by  fabricating  prototype  spin-valve 
structures. The industry should demonstrate the technological prospects 
of the proposal.  

Description: In many device applications of spintronics, sensor, photovoltaics, data 
storage, drug and biological/medical industries, there is urgent need for 
multifunctional materials that could improve upon the device efficiency. 
The coupling between primary ferroic order parameters (PFOPs) offers 
such a possibility because it facilitates the inter-conversion of energies 
stored in strain, electric and magnetic fields playing thus an important 
factor in such applications.

NanoMFerroics aims in exploiting synthetic routes which can lead to the 
production of chemically accessible and readily processable nanomateri-
als, cheaply scaled up to milligram-to-gram quantities that would enable 
their implementation into disparate technologies. 

We propose to demonstrate a general and versatile bottom-up approach 
to generate, tailor and manipulate magneto-opto-electronic properties by 
means of colloidal inorganic nanomaterials based on multiferroic/magne-
toelectric (MF/ME) transition-metal oxide combinations. The goal of pro-
ject is to create a common core platform based on the exploitation of hy-
brid MF nanocrystals (HMFNCs) with a topologically defined composition. 
These will lay the foundations for accessing innovative classes of nano-
crystal-enabled PFOP-based concepts and technologies; the latter includ-
ing spintronics, sensor, electronics, photovoltaics, data storage and even 
biological targeting or labelling.

Since interfaces will be the key control parameter of the end property, 
we will address and establish interfaces as sources of new or modulated 
magnetic and/or electric behaviour. The approach will  represent a re-
search solution toward tailored PFOPs, which go beyond the state-of-art 
nanoparticle-related technology that so far has exploited mainly nano-
particle size and shape related effects. This approach is expected to lead 
into the creation of systems with emergent phenomena.

Our primary emphasis will be focused on the implementation of HMFNCs 
into spin transport device prototypes: We plan to use HMFNCs in spin-
based devices employing: (i) FM/HMFNC/FM junctions (FM= ferromag-
netic) in spin-valve architectures and HMFNC-based spin-transistor; (ii) 



MT/HMFNC/MT junctions (MT= noble metal) with tunable magnetoresist-
ance and (iii) junctions using conductive HMFNCs as FM leads to inject 
(and analyze) spin-polarized currents in dimer-like structures, each con-
sisting of one magnetic HMFNC, a bridging conjugated molecule, and an-
other HMFNCs.

The project may be divided in six workpackages which are expected to 
be developed in parallel and through complementary fashion throughout 
the duration of the project:

1. The synthesis of new generations of HMFNCs

2. The structural and magneto-opto-electronic characterisation of HM-
FNCs

3. Demonstration of PFOP-coupling and their effect in the control of 
spin

4. Theoretical calculations of magneto-opto-electric properties of HM-
FNCs

5. Implementation of HMFNCs into spin-valve prototypes

6. Development and advantages of spin-controlled circuitry at indus-
trial level

We aim to achieve independent control over interfaces in chemically syn-
thesized nanostructures, from which unconventional, virtually unlimited 
(as many organic/inorganic associations are possible in principle) mag-
netic properties can be extracted with potential application in electronics.
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The greek institute aims at performing high quality research (both funda-
mental  and  applied)  in  specific  target  areas  in  the  fields  of  physics, 
chemistry,  and  materials  science.  Specifically,  the  institute's  research 
activities span over the fields of Lasers and Applications, Materials Sci-
ence, Microelectronics and Devices, Environmental Research, and Theor-
etical and Computational Physics and Chemistry.
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Expertise:  Opto- or Magneto- Electronics, Electronic Engineering, Data 
Storage,  Actuators  (e.g.  magnetoresistive,  piezoelectric  etc),  Energy 
conversion, Biomedical targeting or delivery, Telecommunications  

Specific task to undertake in the project: Development of spin-controlled 
circuitry based on selected HMFNCs (at larger scale), as well as demon-
stration of those key functions that present certain advantages, as com-
pared to the manufacturing of systems based on Si technology.

More specifically, implementation of new nanostructures that are going 
to be prepared in end-products or applications; such as in magnetores-
istive or magnetostrictive devices, where the manipulation of the mag-
netization is carried out by external stimuli (e.g. electric/magnetic field, 
light, current etc). 

Application Domain(s): Industrial manufacture, Materials technology, Electronics, Microelectron-
ics, Energy, Biotechnology, Medicine, Environment protection 
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