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As device structures progressively shrink in size, dealing with the power dissipation mechanisms of energetic or ‘hot’ 

electrons becomes increasingly important. Single electron devices are an attractive model system for basic studies and 

applications in thermoelectricity, owing to their tunable electronic transmission and electron-hole asymmetry [1]. The 

effect of Coulomb blockade on heat transport in a metallic SET was measured by some of us. Despite the continuous 

density of states in the metallic island, electron interactions readily lead to striking deviations from the Wiedemann-

Franz law [2].  

Moving to quantum dot junctions (QD), which involve transport through a single quantum level, we demonstrate gate 

control of electronic heat flow in a single-QD junction due to discrete nature of QD energy spectrum, in agreement 

with numerical calculation [3]. Finally, here, we report on combined charge and heat transport measurements of a 

single InAs nanowire based QD, which we demonstrated an adjustable and strongly energy-selective heat conduction 

significantly below the Wiedemann-Franz prediction. Moreover, the observed phenomena agree well with the 

theoretical calculations [4]. 
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Figure 1. (left) False-colored scanning electron micrograph of the device. (top-right) Simultaneous electrical conductance at thermal 

equilibrium and (bottom-right) temperature response Te of the source island with heating power of Q H = 16 fW as a function of the back gate 

voltage Vg.  
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Charge-neutral graphene under perpendicular magnetic field was predicted to harbor a rich variety of many-body 

ground states with distinct topological and symmetry breaking orders. We directly image the atomic-scale electronic 

wave function of three distinct broken-symmetry phases in graphene using scanning tunneling spectroscopy. We 

explore the phase diagram by controllably tuning the magnetic field and the screening of the Coulomb interaction by 

close proximity to a low or high dielectric constant substrate. In the unscreened case, we unveil a Kekulé bond order. 

Under dielectric screening, a sublattice-unpolarized ground state emerges at low magnetic fields, and transits to a 

charge-density-wave order with partial sublattice polarization at higher magnetic fields. In both cases we further 

observed the coexistence of additional, secondary lattice-scale orders. This screening-induced tunability of broken-

symmetry orders may prove valuable to uncover correlated phases of matter in other quantum materials. 

In a second independent part, I will present the development of a table-top dilution temperature scanning probe 

microscope working under ultra-high vacuum conditions and featuring standard in-situ surface preparation facilities. 

This tool allows to control and to probe the sample’s electronic properties at atomic scale and with µeV spectroscopic 

resolution. 
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Signature of resonant modes in radiative heat current noise spectrum 
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Radiative heat current may be significantly enhanced in the near field due to evanescent wave coupling, i.e. photon 
tunnelling between bodies. In many situations, the heat transfer is dominated by a narrow resonance in the 
transmission, e.g. a superconducting resonator mode [1] or a surface mode [2]. However, this resonant character of 
the heat transfer is not straightforward to deduce from a measurement of the average heat current. Here, we show 
that resonant modes produce a sharp feature in the radiative heat current noise spectrum, whose width is related to 
the lifetime of the resonant mode. 

We illustrate this general conclusion with two examples. The first is a superconducting resonator modelled by an 
effective quantum circuit where the heat transfer occurs via the resonator mode [1]. The second is a pair of two-
dimensional metallic layers modelled by Drude conductivity where the transfer is due to strongly coupled surface 
plasmon modes [3].  
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Quantum thermodynamics on a chip – from phenomena to devices 
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In this talk, we present both experimentally and theoretically phenomena and devices in quantum thermodynamics 

realized by superconducting and metal circuits on a chip at low millikelvin temperatures. We first focus on heat carried 

by thermal microwave photons, where phenomena and devices such as heat valves, rectifiers, quantum refrigerators 

and microwave photon calorimeters can be realized [1,2]. Importantly, we demonstrate detection of equilibrium 

fluctuations of temperature in a system of about 108 electrons exchanging energy with phonon bath at a fixed 

temperature [3]. In this experiment, we employ a radio-frequency thermometer based on a zero-bias anomaly of a 

tunnel junction between a superconductor and proximitized normal metal [4,5]. It features noninvasive detection and 

essentially uncompromised sensitivity down to the lowest temperatures of below 20 mK. The thermometer is 

connected to a nanocalorimeter made of proximitized normal metal. We show theoretically that this detector is 

capable of observing single microwave photons in a continuous manner [6]. We propose a crosscorrelation 

measurement technique to enhance the sensitivity of the quantum detector [7], and a measurement of quantum heat 

noise by a downconversion method [8]. 
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Figure 1: The finite 
frequency and wavevector 
noise spectrum for heat 
current between parallel 
metallic layers, where the 
heat current is dominated 
by strongly coupled surface 
plasmons. There is a 
resonant feature at the 
antisymmetric surface 
plasmon dispersion, whose 
width is given by the 
plasmon lifetime. 
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Robust strong-coupling architecture in circuit quantum electrodynamics 
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Peltonen1, Jukka P. Pekola1 
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In this work, we experimentally demonstrate a simple, systematic and robust architecture to achieve ultrastrong 

coupling between a superconducting flux qubit and a high-quality quarter-wavelength coplanar waveguide resonator. 

To achieve this, we exploit the geometric inductance and nonlinear kinetic inductance of the coupling element by 

increasing its length and/or decreasing the cross-sectional area and ultimately achieving a qubit-resonator coupling 

strength of 655 MHz, 10% of the resonator frequency. The concept of a shared local inductance as a coupling element 

has been previously explored both theoretically [1] and experimentally [2]. We derive an analytical expression for the 

coupling strength in terms of circuit parameters and discuss the maximum achievable coupling within this framework. 

We experimentally characterize flux qubits coupled to superconducting resonators using one and two-tone 

spectroscopy methods, demonstrating excellent agreement with the proposed theoretical model. 

 

 

Fig. The studied structure (a). Microscopic view of the reported device. (b). Electron micrograph showing the capacitive coupling 

of a diagnostic resonator to a common feedline and an enlarged array of flux trapping holes in the inset. (c). 3 junction flux qubit 

with 120 µm long meander element producing the large coupling (shared edge highlighted with false color). The qubit is 

galvanically coupled to the resonator from one end and shunted to the ground plane from the other end. (d). Electron micrograph 

of two large identical junctions of a flux qubit. (e). Electron micrograph of the test SQUID (highlighted with false color). 
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ESR6 – Laura Sobral 

Electrical transport in a SSN SET 

An island coupled via a tunnel barrier to two leads and a gate forms a single electron transistor (SET) that shows 

Coulomb blockade. All-superconducting SETs (SSS-SETs) have shown to enable a multitude of possible charge transport 

processes, which are not well understood, in particular in the strong-coupling regime [1]. To disentangle these 

processes, we study here the conceptually simpler SSN-SET, which has never been investigated experimentally before. 



The SSN-SETs studied here consist of an S island coupled to an N lead via an oxide tunnel barrier, and to an S lead with 

a mechanically controlled break junction (MCBJ). Via the MCBJ, different coupling regimes can be studied: from a 

tunnel contact when the MCBJ is broken to a point contact when it is closed. In that limit, the MCBJ has a small number 

of highly transmissive transport channels. 

For weak coupling, our experimental findings can be understood in terms of the orthodox theory [2]. For stronger 

coupling, we observe Andreev and Josephson transport, as well as a renormalization of the charging energy and 

dynamical Coulomb blockade, which are also observed in the N state. 

[1] T. Lorenz, J. Low Temp. Phys. 191, 301 (2017) 

[2] T.A. Fulton, Phys. Rev. Lett. 59, 109 (1987) 

 

ESR7 – Danilo Nikolic 

Electron cooling by phonons in superconducting proximity structures 

Danilo Nikolic1, Denis M. Basko2, and Wolfgang Belzig1 
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2 Université Grenoble Alpes and CNRS, LPMMC, 25 Rue des Martyrs, 38042 Grenoble, France 

We investigate the electron-phonon cooling power in disordered electronic systems with a special focus on 

mesoscopic superconducting proximity structures. Employing the quasiclassical Keldysh Green's function method, we 

obtain a general expression for the cooling power perturbative in the electron-phonon coupling, but valid for arbitrary 

electronic systems out of equilibrium. We apply our theory to several disordered electronic systems valid for an 

arbitrary relation between the thermal phonon wavelength and the electronic mean free path due to impurity 

scattering. Besides recovering the known results for bulk normal metals and BCS superconductors, we consider two 

experimentally relevant geometries of superconductor-normal metal proximity contacts. Both structures feature a 

significantly suppressed cooling power at low temperatures related to the existence of a minigap in the quasiparticle 

spectrum. This improved isolation low cooling feature in combination with the high tunability makes such structures 

highly promising candidates for quantum calorimetry. 

 

 

 

 

 

 

 

 

 

Fig. 1 The electron-phonon thermal conductance K as a function of temperature T for various transparencies of the SN interface in: (a) normal 
side, (b) superconducting side of a thin SN proximity bilayer. 
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Time resolved charge detection in electrostatically defined quantum dots in bilayer 
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Graphene is a promising candidate for future nano-electronic devices including building blocks for quantum information 

processing. Reasons for this include the expected long spin-lifetimes and high carrier mobilities. So far, these spin 

lifetimes could only be estimated with a lower bound experimentally. To obtain the spin-lifetime a device is needed that 

allows one to confine charges and to measure simultaneously their dynamics in a time-resolved way. This is possible 

with a charge detector in close proximity to a graphene quantum dot (QD). 

Here, we use bilayer graphene with its electrostatically induced band gap to fabricate a fully gate-defined device with 

quantum dots [1,2], one of which is used as a charge detector [3]. The Coulomb resonances in the detecting dot are 

sensitive to individual charging events in the quantum dot nearby. The potential change due to single- electron charging 

causes a step-like change in the current through the charge detector, which matches in signal to noise ratio the traditional 

semiconductors Si and GaAs. This high-quality detection signal allows us to confirm and investigate the dynamics of 

last electron\hole quantum dots. Furthermore, we can tune the tunnel barriers individually, such that the tunnel rates get 

low enough for time-resolved measurements of telegraph noise (see Fig. 1). In a multi-dot regime [4], the charge 

detection enables us to determine the number of charge carriers in each of the dots. 

We demonstrate time resolved measurements in graphene quantum dots, which may allow us to investigate the spin-

lifetime in graphene. 

 

 

 

 

 

 

Fig. 1: Left: Schematic of the different layers in the bilayer graphene device and an exemplary gate structure on top. Right: Time trace 

of the current measured through the detector corresponding to fluctuations of the charge of the dot between N and N + 1 electrons. 
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ESR9 – Arun Kuruvila 

Transport studies through charge neutral point in InAs/GaSb coupled quantum wells 
A. Kuruvila, E. H. Linfield and C. H. Marrows  

University of Leeds 

 

The prediction of quantum spin Hall effect (QSHE) in InAs/GaSb coupled quantum wells [1] proved to be an interesting 

field to investigate novel physics due to the resulting applications in dissipationless information processing using spin 

as well as the fact that device processing can easily be adapted into conventional semiconductor processing. The 

studies on this material show signatures of QSHE but a full picture is still elusive [2, 3, 4]. The performance of devices 

fabricated from epitaxially grown layers were evaluated to reach a robust device platform required for further 

investigations on QSHE. The effect of thickness and resulting transport properties in the quasi two-dimensional carrier 

gases were studied. With external gate voltages, the electron-hole system in coupled quantum wells is tuned from an 



electron dominant region to a hole dominant region through a charge neutral point and a phase diagram (Fig.1) for 

the device is obtained. The phase changes are then interpreted by studying the effect of in-plane magnetic field and 

variation in temperature on the band gap as well as by transport studies on devices of varying dimensions to give a 

full picture.  

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 1: Phase diagram obtained for 12.5/8nm InAs/GaSb quantum wells used in this study. 
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ESR10 - Naveen Shetty: 

Graphene nanoribbon growth and study 

Graphene nanoribbons (GNRs), because of the remarkable properties of the graphene, become the reliable candidate 

for the next generation electronics1,2. The properties of GNR grown over silicon carbide, based on the orientation of 

the growth axis, could either be metallic or semiconducting in nature3. I am involved in the growth of GNRs on the SiC 

substrate and perform electrical and spectroscopic measurements on it. For this purpose, it became necessary to 

optimize the growth of graphene over SiC4. The second hurdle in the process is to develop an optimal, scalable process 

to electrically contact these graphene-based microelectronic devices5,6. In order to achieve this, a low resistance 

scalable edge contact recipe is also developed and discussed. 

Optimization of Mono Layer (ML) epi-G growth over SiC: By constant modifications in the process parameters and 

preconditioning of SiC wafers, the ML graphene growth quality has been increased tremendously, with a ML 

percentage increase from ~50 to 99.5. 

GNR growth and study: GNRs are grown over the side walls of the SiC trenches etched by lithographic techniques and 

their growth conditions are studied by using LEEM, STM, AFM and RAMAN. Comparisons are made between the 

complexity of the measurement techniques and the results.   



 

 

A recipe to fabricate scalable ohmic edge contacts to epi-G ML: Using this fabrication method, I and my team in 

Chalmers were able to achieve the contact resistance as low as Rc ~ 50 Ωum±25 Ωum. Later, this technique was used 

to produce 236 graphene quantum Hall arrays, arranged into two subarrays connected in series. It was possible to 

quantize the entire array; also the contact resistance of the entire array was measured in a 3 probe configuration and 

were all ˂ 2 , including a ~1.5  wire resistance.  A single subarray with 118 Hall bars in parallel measured a nominal 

resistance of h/118*2e2 = 109.37  (whole array R = 2(h/118*2e2) = 218.75 ). 
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Hybrid material systems with a conventional superconductor in proximity to a strong spin-orbit semiconductor or a 

Topological Insulator (TI) have recently acquired a vast interest due to their potential to host exotic phenomena. [1-3] 

In a multimode hybrid TI Josephson junction with two terminal geometry, Majorana physics manifests as peculiar 

properties of a part of the Andreev bound states carrying the Josephson current. They give rise to an unconventional 

4π periodic current phase relation (CPR) coexisting with a 2π periodic CPR resulting from the conventional Andreev 

bound states. The relative weight between the 4π and 2π periodic Andreev bound states increases with the 

transparency of the junction and, in general, by reducing the number of channels. We make use of Al-Bi2Se3-Al 

junctions fabricated using TINRs grown by physical vapor deposition. [8-10] To extract the current phase relation of our 

TI-junction, we utilize an asymmetric dc-Superconducting Quantum Interference Device (SQUID) measurement 

technique. We observe clear deviations from a standard sinusoidal CPR of typical tunnel junctions in all our devices 

pointing towards the presence of highly transparent modes in our TI junctions. To obtain more information about the 

bound state spectrum we have implemented microwave probing schemes for our Al-Bi2Se3-Al hybrid junctions based 

on the works of A. Murani et al. [11] Here, we embedded a TI Josephson junction-based RF SQUID in a superconducting 

resonator. The frequency response of the coupled resonator/junction system to an externally applied magnetic field 

LEEM FoV=05m, 

E=10.4eV 

Lateral force microscopy Raman 2D peak 



(phase bias) at various temperatures is used to deduce information about the phase dependence of the bound state 

spectrum of the junction. We found that the bound state spectrum in our TI Josephson junctions is dominated by 

highly transparent modes resulting in bound states with rather small energy gaps with an upper bound of 

approximately 1 GHz.  
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Electrical control of spin-orbit coupling-induced spin precession in graphene proximitized by WSe2 

Franz Herling, CIC nanoGUNE BRTA, 20018 Donostia-San Sebastian, Basque 

 

Two-dimensional materials are an exciting new material family that has the capability to advance toward the 

implementation of novel spin-based devices. For these atomically-thin layers, the proximity effect is especially 

important and opens ways to transfer properties from one material into another. In van der Waals heterostructures, 

transition metal dichalcogenides (TMD) can be used to enhance the spin-orbit coupling of graphene, resulting in strong 

spin anisotropy [1] and long, gate tunable spin diffusion. These properties provide unique control knobs to manipulate 

coherent spin precession in the absence of an external magnetic field. Remarkably, we observe in graphene/WSe2 

devices that the sign of the precessing spin polarization can be tuned electrically by a back gate voltage and by a drift 

current [2]. This realization of a spin field-effect transistor at room temperature in a diffusive system, a long-awaited 

goal of spintronics, could be a cornerstone for the implementation of energy efficient spin-based logic. 

 

Figure 1: Sketch of a spin field-effect transistor operating at the strong spin-orbit coupling regime, where the valley-
Zeeman induced spin precession is tuned by a back gate voltage to control the sign reversal. 
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Tailoring superconductivity in large-area monolayer NbSe2 via self-assembled molecular adlayers 
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2D transition metal dichalcogenides (TMDs) represent an ideal testbench for the search of materials by design, since 

their optoelectronic properties can be manipulated through surface engineering and molecular functionalization. 

However, the impact of molecules on intrinsic physical properties of TMDs, such as superconductivity, remains largely 

unexplored. In this work, we manipulate the critical temperature of large-area monolayer NbSe2 in a deterministic way 

via functionalization with ultra-thin self-assembled adlayers composed of two different molecules. Functionalization 

with a fluorinated or an amine-containing molecule results in a 55% increase and a 70% decrease in the TC of NbSe2 

monolayers, respectively. We use ultraviolet photoemission spectroscopy (UPS) data to demonstrate that the 

recorded changes in TC are related to electric fields generated by the molecular adlayers, which act as an effective 

fixed gate terminal. Importantly, the polarity of the field-effect is programmable, as it is determined by an accurate 

choice of appropriate functional groups. The relative variation in TC introduced by our chemical functionalization is 

larger than that reported for field-effect devices, highlighting the high efficiency of molecular gating and the extreme 

surface sensitivity of large-area TMD at the monolayer limit. The reported functionalization is efficient, practical, 

upscalable and perfectly suited to functionalize TMDs extending over large areas. 

 

 

Figure 1: Measurements of NbSe2 samples before and after the deposition of PFS (green molecules, p-dopants) and AHAPS (blue 

molecules, n-dopants) thin layers. In the middle, we can see, through R vs T measurements, how TC increase/decrease after the 

deposition of the molecular adlayer. On the right, we show a spectroscopic characterization of AHAPS and PFS self-assembled 

adlayers on NbSe2 monolayers on HOPG. Work function of bare HOPG (black line), untreated NbSe2 monolayers (red line), 

AHAPS-treated NbSe2 (blue line) and PFS-treated NbSe2 (green line), are shown as extracted by the secondary electron cutoff 

(SECO) spectra. 

 

 



ESR14 – Willy Lim 

Superconducting nanowires fabricated by Focused-Electron-Beam Induced Deposition 

Superconducting tungsten nanowires can be fabricated by focused ion beam deposition [1]. However, this technique 

leaves unintentional doping due to the ion beam and can alter the physical properties of the underlying material. 

Achieving similar results with an electron beam would reduce such effects. The successful deposition of a 

superconducting tungsten nanowire has so far been reported once in the literature [2]. Here we also report the 

fabrication of a superconducting tungsten nanowire by Focused Electron Beam Induced Deposition (FEBID). The 

electrical properties have been studied through 4-probe measurements as a function temperature and magnetic field. 

The tungsten nanowire shows a critical temperature of 2K, which is somewhat lower than reported in ref. [2]. We also 

discuss the magnetic field dependence of the supercurrent.  

In the second part, we present first steps towards local direct writing of superconducting elements using an aluminum 

molecule as a gas precursor for FEBID.   

This work can have application for the fabrication of nanoscale superconducting hybrid devices because it allows the 

deposition of elements with arbitrary geometry without the requirement of focused ion beam column. 

References: 
[1] Sadki, E. S., Ooi, S., & Hirata, K. (2004). Focused-ion-beam-induced deposition of superconducting nanowires. Applied Physics 

Letters, 85(25), 6206-6208. 

[2] Sengupta, S., Li, C., Baumier, C., Kasumov, A., Guéron, S., Bouchiat, H., & Fortuna, F. (2015). Superconducting nanowires by 

electron-beam-induced deposition. Applied Physics Letters, 106(4), 042601.  

 

ESR15 – Elías Torres 

CVD-grown 2D materials and semiconductor processing for sensing applications 

2D materials, with single layer graphene (SLG) and hexagonal boron nitride (hBN) as the prime examples, 
have become a field of study on their own. The prospects that these materials offer in terms of new 
applications in photonics and biosensing, together with the ease of exfoliation, have triggered 
unsurmounted research worldwide in the last decade. However the exfoliation techniques, despite 
rendering very high-quality samples, do not possess the necessary throughput to make these applications 
scalable to achieve mass production and hence the full realisation of the applications envisaged.  
The most promising candidate to achieve the large area growth and scalability needed is a process called 
chemical vapour deposition (CVD), which is a well-known technique within the semiconductor industry for 
the growth and epitaxy of materials. Building on the expertise that Graphenea has with SLG, I have explored 
the growth and transfer of hBN films grown by CVD, successfully achieving the growth of 4'' hBN films, and 
a process flow to fabricate devices at the wafer scale with SLG and hBN/SLG heterostructures was developed. 
Taking advantage of these developments, Graphenea has established a Foundry service where its customers 
can provide a custom design and have it manufactured with their tailored specifications. The process flows, 
current and future work prospects will be introduced also in this talk 
 

 


