
Nový grantový projekt ERC ve Fyzikálním ústavu AV ČR 

 

Jörg Wunderlich z Oddělení spintroniky a nanoelektroniky Fyzikálního ústavu (FZÚ) AV ČR získal spolu 

s britskými a německými kolegy prestižní ERC Synergy Grant. Jako hlavní řešitel za FZÚ AV ČR se podílí 

na projektu „Přeměna mezi spinem, nábojem a teplem na hybridních organicko-anorganických 

rozhraních“. Řešení projektu probíhá od srpna 2014 do července 2020 a vedle FZÚ AV ČR se ho 

účastní University of Cambridge, Hitachi Cambridge Laboratory, Imperial College v Londýně a 

Johannes Gutenberg University v Mainzu.  

 

Po projektu Tomáše Jungwirtha, který získal podporu v podobě ERC Advanced Grant a jehož řešení 

probíhá od roku 2011, tak Jörg Wunderlich přináší další grant ERC (European Research Council) do 

Fyzikálního ústavu AV ČR.  

 

V projektu jde o teoretický a experimentální výzkum,  který  má vést k propojení doposud nezávislých 

oborů organických polovodičů a spintroniky v anorganických materiálech. Organické polovodiče dnes 

hrají významnou roli v optoelektronice, např. při vývoji flexibilních obrazovek a solárních článků. 

Spintronika v anorganických materiálech se naopak uplatňuje v magnetických technologiích pro 

ukládání informace. Cílem projektu je najít synergie mezi fyzikou a chemií v těchto rozdílných 

oborech a otevřít cestu ke zcela novým typům optoelektronických, spintronických a 

termoelektrických součástek využívajících hybridní organicko-anorganická rozhraní.   

 

Oficiální stránka projektu je http://cordis.europa.eu/project/rcn/191154_en.html.  

 

Kontakt: 

Dr. Jörg Wunderlich, Oddělení spintroniky a nanoelektroniky Fyzikálního ústavu AV ČR, tel.: +420 

220 318 589, e-mail: wunder@fzu.cz 

 

 

 

 

Ilustrace jedné z navržených spintronických a 

termoelektrických součástek kombinujících organické 

polovodiče a inorganické magnetické materiály. 
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organic semiconductor layer between NM top and bottom bias electrodes along the low conductivity out-of-

plane direction. This charge current generates via SHE a spin current flowing perpendicular to the charge current 

with spin-polarization perpendicular to both charge and spin current orientation. The injected spins are then 

made to precess around an applied external magnetic field which makes the field dependent inverse spin Hall 

signal distinct from the field independent voltage signals which can be caused by current spreading into the high 

conductive lateral channels. Device geometries sketched in (a) and (b) allow spin current detection with the 

spin–polarization orientation along x- and z-axes, respectively. Correspondingly, the magnetic field dependent 

Hanle curves of the SHE signals are expected to show a maximum (or minimum) (a) or a zero crossing (b) at 

zero magnetic field. We can also consider device structures where both spin polarization orientations are 

measured simultaneously by combining (a) and (b) within one device (c). Additionally, we can consider 

measuring simultaneously spin current diffusion in uniaxially aligned organic films along different lateral 

directions with different carrier mobilities (d). We will also fabricate devices in which we measure 

simultaneously both spin accumulation by employing nonlocal spin valve detection and spin current detection 

via the SHE. Fig.14(e) illustrates a device structure inspired by a recent experiment on GaAs47, in which spins 

are injected electrically by a first magnetic electrode. Efficient electric spin injection and spin-valve detection 

may require a thin tunnelling barrier indicated by a grey film below the FM contacts. The injected spin diffuses 

along the lateral high conductivity direction and the out-off plane spin-polarization component of the spin 

current is detected by the Hall measurement. If in-plane polarized spins are injected, a finite applied magnetic 

field can be used to precess the propagating spins out-of-plane and allow such detection. The spin accumulation, 

in this device is detected by a second FM electrode where the relative orientation between accumulated spin-

polarization and the magnetization of the detecting FM electrode yield a nonlocal spin valve voltage. Instead of 

electrical spin-injection we may also consider devices where the spin is injected via spin pumping. In terms of 

spin manipulation because of the small SOC in organic SC, electric field induced spin precession via SOC fields 

is not a realistic approach. However, electrostatic gating may be used to simply close or open the spin-transport 

channel as in the case of gated charge current channel in a field effect transistor
5
. It might even be possible to 

realize FET channels at the interface between an OSC and a FM insulator, such as YIG, and study directly the 

spin polarisation induced by the exchange coupling at the interface.  

4.3 Hybrid spin-Seebeck th ermoelectrics 

The SSE thermal-spin-charge energy conversion has already been 

proposed as an efficient alternative to conventional thermoelectrics .48 

At present this phenomenon has been studied primarily via a single (Pt) 

spin-charge converter and few FMs (YIG, GaMnAs, Py). Spin-organic-

caloritronics paves a path to a deeper understanding and a larger 

practical applicability of this phenomenon and potentially high spin-

charge-thermal conversion effects because of: (i) Systematic tunability 

of the SOC in the spin-charge converter element by using, for example,  

porphyrin polymers doped systematically with heavy metal (and 

magnetic) atoms (3.3); (ii) Easy large scale processing of the thin film 

spin-charge converter; (iii) Giant conductivity anisotropies can, in 

principle, induce larger effective SHE angles and higher spin-charge 

conversion efficiency. The structures in Fig.15, coupled with the giant 

conductivity anisotropy and the different orientations of magnetization 

and temperature gradient will give an unprecedented control of the symmetry of the problem to analyse the 

effect fully, avoid any spurious effects and identify routes for systematic performance enhancement.  

c. Resources 
  

The project will be co-ordinated by Prof. Sirringhaus. The four PIs will each commit 30% (40% for Prof. 

Sirringhaus) of working time to the project. All investigators are either already or will be by the start of the 

project (in the case of Prof. Sinova) >50% based in Europe. Prof. Sinova holds already a part-time employment 

at the Institute of Physics of the Academy of Sciences of the Czech Republic and is in the process of moving to a 

full professorship at the University of Mainz in Germany. The award of a Synergy grant would make an 

important contribution to reintegrating his research program firmly in Europe. The PIs have very good personal 

relationships, but have not had an opportunity before to collaborate at this highly synergistic level. A detailed 

description of the collaboration and project management arrangements is provided in B2. The table below 

summarizes the requested staff resources: PDRA 1 (Watanabe) is a senior scientist, who has been responsible 

Fig. 15  Structures for spi n-Seebeck 

thermoelectric devices 
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New ERC project in the Institute of Physics of the Academy of Sciences 

 

Joerg Wunderlich from the Department of 

Spintronics and Nanoelectronics of the Institute of 

Physics ASCR, with his colleagues from the UK and 

Germany, was awarded the prestigious ERC Synergy 

Grant for the project “Spin-charge conversion and 

spin caloritronics at hybrid organic-inorganic 

interfaces”. The project has started in August 2014 

and will run till July 2020. Besides the Institute of 

Physics, the other participating organizations are the 

University of Cambridge, Hitachi Cambridge 

Laboratory, Imperial College in London, and the 

Johannes Gutenberg University in Mainz.  

 

Following the ERC Advanced Grant awarded in 2011 

to Tomas Jungwirtha, Joerg Wunderilich brings yet 

another grant from the ERC (European Research 

Council) to the Institute of Physics ASCR.  

 

The project combines theoretical and experimental research whose aim is to connect two distinct 

fields of organic semiconductors and of spintronics. Organic semiconductors already play an 

important role in optoelectronics, e.g., in the development of flexible screens and solar cells. 

Spintronics in inorganic materials, on the other hand, finds applications in magnetic detectors or 

technologies for storing information. The goal of the project is to find synergies between physics and 

chemistry in these distinct fields and to open a path to entirely new types of optoelectronic, 

spintronic, and thermoelectric devices utilizing organic-inorganic hybrid interfaces.  

 

The official page of the project is at http://cordis.europa.eu/project/rcn/191154_en.html.  
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plane direction. This charge current generates via SHE a spin current flowing perpendicular to the charge current 

with spin-polarization perpendicular to both charge and spin current orientation. The injected spins are then 
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signal distinct from the field independent voltage signals which can be caused by current spreading into the high 

conductive lateral channels. Device geometries sketched in (a) and (b) allow spin current detection with the 

spin–polarization orientation along x- and z-axes, respectively. Correspondingly, the magnetic field dependent 

Hanle curves of the SHE signals are expected to show a maximum (or minimum) (a) or a zero crossing (b) at 

zero magnetic field. We can also consider device structures where both spin polarization orientations are 

measured simultaneously by combining (a) and (b) within one device (c). Additionally, we can consider 

measuring simultaneously spin current diffusion in uniaxially aligned organic films along different lateral 

directions with different carrier mobilities (d). We will also fabricate devices in which we measure 

simultaneously both spin accumulation by employing nonlocal spin valve detection and spin current detection 

via the SHE. Fig.14(e) illustrates a device structure inspired by a recent experiment on GaAs47, in which spins 

are injected electrically by a first magnetic electrode. Efficient electric spin injection and spin-valve detection 

may require a thin tunnelling barrier indicated by a grey film below the FM contacts. The injected spin diffuses 

along the lateral high conductivity direction and the out-off plane spin-polarization component of the spin 

current is detected by the Hall measurement. If in-plane polarized spins are injected, a finite applied magnetic 

field can be used to precess the propagating spins out-of-plane and allow such detection. The spin accumulation, 
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polarization and the magnetization of the detecting FM electrode yield a nonlocal spin valve voltage. Instead of 

electrical spin-injection we may also consider devices where the spin is injected via spin pumping. In terms of 

spin manipulation because of the small SOC in organic SC, electric field induced spin precession via SOC fields 

is not a realistic approach. However, electrostatic gating may be used to simply close or open the spin-transport 

channel as in the case of gated charge current channel in a field effect transistor
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realize FET channels at the interface between an OSC and a FM insulator, such as YIG, and study directly the 

spin polarisation induced by the exchange coupling at the interface.  
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The SSE thermal-spin-charge energy conversion has already been 

proposed as an efficient alternative to conventional thermoelectrics .48 

At present this phenomenon has been studied primarily via a single (Pt) 
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important contribution to reintegrating his research program firmly in Europe. The PIs have very good personal 

relationships, but have not had an opportunity before to collaborate at this highly synergistic level. A detailed 

description of the collaboration and project management arrangements is provided in B2. The table below 

summarizes the requested staff resources: PDRA 1 (Watanabe) is a senior scientist, who has been responsible 

Fig. 15  Structures for spi n-Seebeck 

thermoelectric devices 
Figure: Illustration of one of the perceived 

spintronic and thermoelectric devices combining 

organic semiconductors and inorganic magnetic 

materials. 
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