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Toward 2D electron gases with strong spin-orbit coupling in crystalline metal- 
semiconductor heterostructures 

 
The possibility to interconvert electronic spin and charge has opened new research frontiers pushing 
the rise of spintronics. The ultimate goal consists in the use of the spin degree of freedom for 
information storage and computing devices. The key challenge resides in the generation and detection 
of a spin-current. The Edelstein effect (EE) is currently the most promising charge-spin conversion 
principle where spin accumulation is achieved exploiting the spin-momentum locking linked to the 
charge current flow at a material’s interface or surface where electronic states are spin-splitted by 
Rashba effect. To maximize the EE figure of merit the Rashba-split energy band at the Fermi level 
must be the largest possible, and the electron scattering rate the lowest possible. Prominent candidates 
are heavy metallic single atomic layers that can be deposited at the surface of semiconductor wafers. 
These interfaces have been investigated using surfaces physics techniques, i.e. in ultra-high vacuum 
(UHV) environments. They were found to produce giant Rashba splitting and very low effective mass 
states, which is promising in terms of electronic mobility. The main goal of this project is to make 
use of the two-dimensional electron gas (2DEG) in single heavy atomic layers on semiconductor for 
charge-spin conversion. When exposed to air, the electron gas is destroyed by airborne surface 
pollutions. We propose overcome this problem protecting the system by a dielectric capping layer 
prepared in UHV conditions. Once this will be done, the energy of the Rashba-split states will become 
tunable via an electric field applied with a top-gate through the dielectric capping layer. The 
internship will be focused on the growth, the structural and electronic characterization of a 
germanium oxide capping layer on Pt single atomic layer on germanium substrate (see figure). The 
study will be performed by angle resolved photoemission electron spectroscopy (ARPES) and 
diffraction techniques. Finally, we will quantitatively evaluate the charge-spin conversion efficiency 
by transport experiments on patterned samples.  
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calculations will also provide the complete spin texture, identifying any non-trivial configuration that, a 
priori, cannot be excluded. (CRISMAT) 

WP3. Towards spintronic devices (leader: LPEM) 
1) Transport properties and electric field-effect: For this task, we will first perform Hall effect and 

magnetoresistance (MR) measurements under strong magnetic field (14 T) in cryogenic environment. We 
will extract the carrier density and the electronic mobility, and deduce the elastic scattering time in the 
different 2D systems optimized in WP1 and WP2. For the most promising candidates, a metallic top-gate 
will be deposited on top of the dielectric capping layer through a combination of shadow masks in UHV 
conditions. Carrier density and mobility will be studied as a function of gate voltage. (LPEM) 

2) Rashba parameter and spin-charge interconversion: We will investigate the bilinear magneto-resistance 
(BMR) in a rotating magnetic field, which is a new kind of MR reported in materials with strong spin-orbit 
coupling [17]. The underlying mechanism of the BMR is related to the existence of a current-induced 
magnetization acting on the electron spins due to the spin-momentum locking. The strength of the Rashba-
constant,  𝛼𝑅 , will be extracted by combining the results from the BMR and the quadratic standard 
magnetoresistance measurements, and compared to the ARPES and DFT values. The efficiency of the spin-
charge conversion, parameterized by the inverse Edelstein length 𝜆 = 𝛼𝑅𝜏/ℏ, where 𝜏 is the scattering 
time, will be calculated and compared to that in other platforms. While preliminary magnetotransport 
measurements can be performed on non-patterned samples, an accurate determination of the Rashba-SOC 
properties requires to define Hall bars (typically 10 mm wide) using conventional lithography technics. 
From tasks 2 and 3 of this WP, the efficiency of charge-spin conversion will be evaluated. (LPEM) 

 

Preliminary results: Our 
preliminary results demonstrate 
the feasibility of our project. 
While Au/Ge(111) and 
AuxAly/Si(111) have already 
shown strong Rashba effect 
[13,14] we have discovered a 
strong SOC in Pt/Ge(111) 
(Fig. 2a). The growth of a 
crystalline germania bi-layer 
(Fig. 2b) has been achieved 
with the preservation of the 
Rashba splitting of the bands. 
Figure 2c) shows the 
schematic representation of 
the sample according to LEED measurements. These results show the feasibility of our strategy to protect and 
preserve the sample electronic properties with the proposed oxide bi-layer.   
 

Added-value of the project: The 2DEG-SOC project explores a new class of materials for spintronic 
applications on the long term. Metal single layers on semiconductors are highly promising candidates for spin 
injection and detection systems. Our project ambitions to pave the way to their use in future devices. To do so, 
our strategy relies on surface physics, guiding the selection and optimization of the heterostructures, with 
quality criteria chosen to achieve efficient spin-charge conversion devices, to be fabricated and studied within 
the same project. We expect insightful interactions between surface and device physicists. 
 

Adequation to the chosen scheme:  2DEG-SOC fits in the H.12 Axis “Micro and nanotechnologies for the 
information and communication technologies”, with targeted improved charge-spin conversion efficiency 
(improving performances), which is of utmost important for next generation spintronic devices. We address 
bottom-up fabrication of semiconducting heterostructures, further processed in the form of micro-devices. 

II. Partnership (consortium or team) 
The project gathers three partners with complementary expertise in the physics of low-dimensional materials, 
covering thin film fabrication, structural and (spin-dependent) electronic surface characterizations, first 
principles calculations, and low-temperature magneto-transport. The partnership mixes already-established 

Figure 2. a) ARPES data along the M-*-M direction of Pt/Ge(111). Blue and red dots highlight 
the sample bands originating from quantum wells states (QWS) and the 2D metal respectively. 
b) Same sample after the growth of 2 atomic layer thick germania. The bands originating from 
Pt are preserved while the QWS bands are shifted to higher binding energy. Insets: LEED 
patterns showing the (√3 × √3) and the (√7 × √7)𝑅19.1° reconstructions with respect to the 
Ge 1×1 substrate (dots highlighted in red) of Pt and the germania respectively. c) Schematic 
representation of the sample. 

 

ARPES	measurements	demonstrating	the	Rashba	effect	on	Pt/Ge(111)	a)	and	its	preservation	after	the	growth	of	the	
capping	layer.	C)	schematic	representation	of	the	sample. 


