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Material challengesSpin charge interconversionMotivation

Abstract
 The Ferroelectic Spin Orbit (FESO) device is based on the ferroelectric control of spin charge interconversion, for logic in memory applications
 Ultra low energy aJ switching and non volatility are achievable thanks to ferroelectricity
 We aim to demonstrate room temperature operation of a nanopatterned FESO device
 We developed two stategies based on two material family, oxides (Lab Albert-Fert, C2N) and ferroelectric Rashba semiconductors, GeTe (Spintec, LETI)

 High-quality thin films of PZT, with characterized 
ferroelectric properties, have been fabricated

 2DEG on PZT has been obtained at Room temperature
 Oxide based FESO transistors has been patterned
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Device requirements
 Demonstrate non volatile control of  spin charge conversion in 

nano patterned FESO devices < 200 nm at room temperature
 High interconversion output Vout > 10 mV
 High endurance N > 107 cycles

Ferroelectric Rashba
semiconductor (FERSC)

Injection of a charge current
Generation of spin accumulation

Injection of a spin current
Generation of a charge current

Charge-to-spin conversion Spin-to-charge conversion
Direct Edelstein effect (EE) Inverse Edelstein effect (IEE)

Conduction band splits into two spin non-degenerate bands 
with spin-momentum locking
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Rashba effect Present in materials with spin-orbit coupling 
and broken inversion symmetry

Direct Spin-Hall effect (SHE)

Ti(IV)

Ti(III)

Ti(II)

Ferroelectric control of spin-charge conversion in SrTiO3 2D Electron 
Gas (2DEGs)
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Non-volatile electrical 
control of spin-charge 
conversion
 Use ferroelectricity 
instead of ferromagnetism 
to achieve switchable 
remanence in spin devices
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P. Noël, et al., Nature 580, 483 (2020)

Investigating the room temperature ferroelectricity in PZT thin film

Ferroelectric material at room temperature
High polarization at remanence ~50µC.Cm-2

Low switching Voltage ~1V
High endurance ~1011 cycles
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2DEGs at the Oxide-
Aluminum interface
Localized O vacancies

Ti 2p Al 2p Al(III)

Al(0)

Ferroelectric 2-dimensional electron 
gases (2DEGs) 
 Interface on a ferroelectric oxide: 
BaTiO3(BTO) ,Pb(Zr,Ti)O3(PZT)

 The FESO is a magnetoelectric-free alternative to the MESO 
device proposed by INTEL. (Manipatruni, S. et al. Nature 565, 
35–42 (2019)).

 These non volatile ultra low energy aJ switching devices
have a potential for in memory computing applications 
(majority gate)

2DEG FESO (a) and FERSC FESO (b)
(a) (b) Inverse Spin-Hall effect

Injection of a charge current
Generation of spin accumulation

Injection of a spin current
Generation of a charge current

Room temperature spin charge interconversion in ferroelectric GeTe
Ferroelectric control of spin charge interconversion

On/off ratio in 
Si/GeTe/Fe

102

A new memristor: the ferroelectric Schottky diode

On/off ratio in ferroelectric memristor
108

Benefits of the ferroelectric memristor
• High on/off ratio : 108

• Low sensibility to variability
Expected benefits : 
• High endurance of ferroelectric switching : 1012

• Low variability
• Self-rectifying behaviour

Studying this effect may help control the ferroelectric
switching in nanopatterned FESO devices.

Ferroelectic resistance switching effect

Towards a nano-patterned GeTe FESO device

Memory element

Integration of the memristor in a crossbar array

I(V) characteristic for the (a) low and (b) high resistance states.

(a) (b)

Pham, V. T. et al. Nat Electron 3, 309–315 (2020).

 Industry compatible sputtered material

WGeTe = 100 nm

 Room temperature

Spin charge interconversion signal measured in a GeTe FESO device (a) and a Pt device of similar geometry (b) for comparison

2Δ𝑅 = 250 𝑚Ω

a)
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 Large signalGSO
SRO

PZT
Pt

GSO

PZT

2DEG

Al2O3

RRT~10kΩ
Carrier density : 1014 cm-2

Semiconductor behavior

A 2DEGs in Ferroelectric PZT thin film 

Towards a nano-patterned Oxide based FESO device

Co2DEG

 Ion beam lithography patterning of oxide 
film
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Growth of Ferroelectric Oxide by Pulsed laser deposition (PLD)
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Conclusion

Perspective

 Spin to charge conversion in a nano patterned room 
temperature FESO device with sputtered GeTe has been 
demonstrated

 The spin charge interconversion material GeTe has 
shown potential as a ferroelectric memristor with a giant
108 on/off ratio

 Investigating spin-to-charge conversion in PZT 2DEG at 
room temperature is necessary

 The FESO devices need to be studied

 Feroelectricity in GeTe needs to be optimized, potentially
through doping

 The memristors could be integrated in a crossbar array

Ferroelectric Pb(Zr,Ti)O3

thin film grown by PLD

2 µm

Varotto, S. et al. Nat Electron 4, 740–747 (2021).
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