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Foreword

Thisis the secondbiennial scientificreport of the Institute SPIN(SuPerconductingnd other INnovative
Superconductingviaterialsand devices)f the NationalResearctCouncil

SPIN,n fact, was born in 2010 from the merging of five INFM centres and groupslocated in Genoa,
NaplesSalerno] Q! ljaddRénte today'sbranchnetwork reflectsthis origin.

SPIN'sheadquartersare in Genoa,at the Villa BalbiBrignole,while the other units are housedat the
Universitiesof GenoaNaples Salerno] Q! ljaddRénte

Spinis becomingan important player on the national and international scenesinceit has considerably
grown both in its participationin many projectsof variousnature and in its size,with more than 50 staff
researchersabout 70 associatedesearcherdrom Universities,and a huge number of PHDstudentsand
Postdocresearchers

The scientific activity of SPINis focusedon innovative materials, superconductors,oxides, and hybrid
nanostructuredmaterials

Theresearchactivitiesare characterizedoy a multidisciplinaryapproach rangingfrom basicexperimental
and theoretical studieson magneticand superconductingmaterials, strongly correlated oxides, organic
and other innovative materials, to material preparation (bulk, single crystals, thin films, multilayers,
epitaxial superlattice) They also comprise advancedmaterial characterizationbasedon the radiation
matter interactions,and electronictransport properties measurementdn the presenceof high external
fieldsaswell.

Moreover, SPINresearchersdeal with micro/nano superconductingelectronic devices (for quantum
computationand other applications) electronicdevicesbasedon oxides(" oxide electronics") Theyalso
fabricatesensorsand superconductingablesandtapesfor power applicationsn the fields of biomedicine
andhighenergyphysics

Many of these activitiesare focusedon the so-calledKeyEnablingTechnologiegKETs)asreferred to by
Horizon202Q sothat SPINwill be ableto playanimportantrole in this new EUprogramme
SPINesearcherare stronglycommitted alsoin communicationand educationpromotion activities,in the
innovative material area Theyhave alsogivena strong supportto the organizationof conferencesand
events

Thesepages offer an overviewof the researchactivities,of the facilitiesand the mainachievementover
the lasttwo years alsosomeof the projectsthat characterizethe institute are listed anddescribed

| would like to thank ElisabettaNarducciand RobertaDe Donatis,for their help in the preparationof the
report, andall the activitiesleadersanddeputy directorsof the variousunits.

Carlo Ferdeghini
Director, CNFSPIN
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SPIN

Locations

SPIN belongs to theNR Physical Sciences and Technologies of the Matter Departrdeacted
by Prof. Massimo Inguscio, and includes the following locations:

Genova- main focus: superconductivity, innovative materials

Corso F.M. Perrone, 24
16152Genova ltaly

University ofGenova

www.spin.CNR.it
Physics Department

Deputy Director: Daniele Marré

University ofNapoliFederico
Physical Science Department

Deputy Director: Giovanni Piero Pepe

Salerno- main focus: superconductivity antagnetic hybrids

University ofSalerno
Physics Department

. Deputy Director: Sergio Pagano
[ Q! I|j-dadirf fdcusferroics and multiferroics Uty g g

\

&r .EI"L“ s University of Q! Ij dzA £ |

N e~y

Physics Department

B Coimo g

Deputy Director: Silvia Picozzi

Roma- main focus: gide thin films/optical properties

nwuw

'.F
'.F

—,a

YAGSNEAGE 2F G¢2NJ
VAGSNBAGE 2F G&[F {

Deputy Director: Carmela Aruta
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Contacts

Genova

Corso F.M. Perrone, 24
16152 Genova

Ph. +39 010 6598750
Fax +39 010 6506302

Napoli

University of Napoli Federico Il
c/o Department of Physics

Via Cintia

80126 Napoli

Salerno

University of Salerno

c/o Department of Physics
Via Ponte don Mellillo
84084 Fisciano (SA)

[ Q! lj dzA £ |
' YAOGSNERAGE 2F
c/o Department of Physics

Via Vetoio Localita Coppito
67100 L'Aquila

Roma

University of Roma Tor Vergata

c/o Department of Physics
Via Della Ricerca Scientifica, 1
00133 Roma

University of Roma La Sapienza

c/o Department of Physics
Piazzale Aldo Moro, 2
00185 Roma

direttore@spin.cnr.it
segreteria@spin.cnr.it

gpepe@na.infn.it

sergio.pagano@sa.infn.it

[ Q! lj daiMialpicozzi@spin.cnr.it

carmela.aruta@spin.cnr.it
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Research Lines
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1. Materials and mechanismf superconductivityandits power applications

(Activityleader. MarinaPultti)

2. Superconductiveand hybrid quantum nanostructuresand devices
(Activityleader. Francescd afuri)

3. Cooperativephenomenain advancedmaterialswith magneticand/or dipolar electricordering
(Activityleader. AntonioVecchione)

4. Functionalmaterialsand novel devicesfor electronicsand energyapplications
(Activityleader. Danielea | NNB Q0

5. Dynamical, electronic and transport properties of complex systems and functional
materials

(Activityleader. Vittorio Cataudella)
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Research Lines

1. Materials and mechanism of superconductivity and its power
application

Activity leader: Marina Putti

GeneralDescription

0.0 16 Themissionof thig gdivity _is focusedon th_e s?udy
7 (MA/cm?) @ 5K, remnant of superconductivityand its power applications
Thisresearchis carriedout by Genoaand Salerno
units which shareseveralskillsand expertisesthe
Genoaunit is mainly active on the preparationof
superconductingmaterialsin form of bulks,films
and wires and their characterization The Salerno
unit is mainly devoted to the investigation of
pinning mechanismswvhich may be of significant
interest for technologicalapplication Duringthe
last yearsthe collaborationbetweenthe Salerno
and Genoaunits have been reinforced A fruitful
provisionof samplesfrom Genoato Salernohas
been started and will be further promotedin the
future.
In the last two yearsthe GenoaUNIT has been involvedin two EuropeJapanprojects
aimed to the exploration of the potential of iron based superconductors(IBS) for
applications Several IBS materials have been prepared in order to investigate and
optimizethe criticalcurrentdensityalsoin collaborationwith the SalernodUNIT.
More fundamental information on the interplay between superconductivity and
magnetismshas been extracted from the investigationof phase diagramsof IBS this
activity has been performed within a national network establishedwith MIUR PRIN
projects
The developmentof superconductingwires and tapes has been focusedon MgB2 and
Bi@212.
TheSalernoUNITactivity hasbeenfocusedon the characterizatiorof dissipativeregimes

in superconductordy currentvoltagemeasurementsand by the so-calledd S t Sr@igeNRA O

& LIS O i NPTa&véskgation of the magnetic properties of superconductorsand
magnetic materials have been carried out by means of the & a d#fafmbnic AC
{ dz& O S LJimktbod. fFabiiicationand characterizationof thin films of the electron
dopedNCCQ@ompoundhavebeencarriedout.

The researchersof SalernoUNITare involvedin a national project PONa b ! C! fo{ , ¢

realizeaninfrastructurefor measuringoower devicesand superconductingnaterials
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Research Lines

1. Materials and mechanism of superconductivity and its power
application

Activity leader: Marina Putti

1.1 Superconductivity: materials, mechanisms e technological transfer (Genoa)

Contact person MarinaPutti (marinaputti@spinCNRit)

C Bernini, V. Braccini,C Ferdeghini,A. Gerbi (50%), G. Lamura, A.
Researchers Malagoli,A. Martinelli, A. Massone. Pallecchi{50%), A. Varlamov, M.
Vignolo,

Associate Researchers| M.R Cimberle,E 5 Q! 3 { PA Dogé P >Manfrinetti, A. PalenzonayV.
PalmieriM. Piana M. Pultti, A. Siri(50%),

The activities of this UNITare mainly devotedto the study of superconductivityaddressingt from
severalpoints of view. material preparation, structural and chemicalcharacterization investigation
of properties, theoretical modelling and developingof wires for power application In the last year
the image analysisactivity has been included and the researchersdevoted to this topic will be
involvedin solvingproblemsof corebusinesf the UNIT
The activities of the last two years have been mainly focusedon the investigationof iron based
superconductors(IBS) Indeed, this UNIT has been involvedin two EuropeJapanprojects SUPER
IRON, coordinated by CNRSPIN,devoted to the exploration of the potential of IBSfor power
application,and IRONSEAdevotedto establishinghe basicscienceandtechnologyfor IBSelectronics
applications Theseprojects have allowed to carry on these researchesn an international, exciting
environment and yelded the achievementsof important results Among them we mention the
developmentof a new synthesisechniquefor Fe(Te,Sebulk materials Thesesamplesexhibit global
critical current density, J, much enhancedas comparedto the valuesreported in the literature for
bulk samplesof the samefamily, reachingabout 10° A/cm? at zerofield at 4.2 K, nearlyindependent
of the field. Acomprehensivestudy of effectsof the substrateon the
superconductingproperties of Fe(Te,Se}hin films has
been performed The best results have been obtained
on CaK(001) substrate with J. values larger than
IMA/cn? in self field and liquid helium with a weak
dependenceon the magnetic field and a complete
isotropy.
Theinvestigationof the phasediagramsof IBS basedon
careful analysisof synchrotron and neutron powder
diffraction data, SQUID and muon spin rotation (nBR)
measurementfiasbeencarriedout.
A direct comparison between the magnetic and
_ structural properties in IBS has been carried out in
ggﬁlcomputing elaboration of a scanning tunnelin La(F@'XRq‘)ASQ’. wh_ere it has bee.n fou.nd that the
microscopy image of a Fe(Se, Te) thin film. gmagnetlctransmqn is alwaysgssouatedm_th structu_ral
symmetry breaking, suggestingthat orbital ordering
couldbe the drivingforce for symmetrybreaking
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Research Lines

1. Materials and mechanism of superconductivity and its power
application

Activity leader: Marina Putti
180

i . & T_(onset)]
Interesting results have been obtained by the ' tetragonal v T (end) ]
investigation of new superconducting materials Palnmm + T, (R) 1
after the discoveryof superconductivityon picene 1o °© Tn(SR)

(G,H,,), high-quality optical data in the infrared 1o
region and density functional perturbation theory § o [ orthorhombic
calculationsfor the vibrational spectrum of solid Cmime Z

picene under pressure up to 8 GPa have been ok LRaFm //',i'/_\ . ]
obtained In another recently discovered layered / ’ N ]
superconductor, LaQsFsBiS, magnetic and 7 ]
superconductingproperties have been investigated %5070 ar a0 i u
by means of mSR These experimental results Ru content (x)

suggesta fully-gappedconventional BCSpicture of
superconductivityn this compound

The activity devotedto developingsuperconductingwires have beenfocusedon MgB,. The most
remarkableimprovementsare the following 1) the use of MgB, as precursor(in collaborationwith
ColumbusSuperconductor)Thisapproachallowsto obtain a purer MgB, phaseandlarge J. valuesin
wires,suggestinghat this couldbe an alternativeto both exsitu andin situ routes. 2) The efficacyof
the new boron synthesis process (CNRSPIN patent) has been proven, achieving the best
performancesof MgB, both ball milled that one derived by plasmaspray The manufacturingof
Bi(2212 wires, recently undertaken, has obtained interesting results with the application of a
scalablggrooverollingprocesdo avoidbubbleagglomeration

The modelling activity has been devotedto the study of thermoelectricity and superconductivity
Theanomalousgrowth of thermoelectricpower in gappedgraphenehasbeeninvestigatedshowing
that the openingof a gapin the spectrumresultsin appearanceof a fingerprintbump of the Seebeck
signalwhenthe chemicalpotential approacheshe gapedge Moreover,the mesoscopiwvariationsof
inhomogeneoudocal densityof statesfor impure superconductorsvith different symmetriesof the
order parameter (s wave and d wave) and different types of scatterers (elastic and magnetic
impurities)hasbeenexploredtheoretically.

Theactivity on dataandimageanalysishasfocuseson the realizationof regularizatioralgorithmsfor
inverse problems and soft computing methods in pattern recognition The applicationsinvolve
problemsin biomedicine,neuroscienceand physics Collaborationswith hightech companiesand
SMEslead to the realizationof software packagedor industrial applications The most significant
result in 2013 has been the extensionof the Houghtransform procedureto the recognition of
complexshapesin images this approachhasallowedthe detection of the intra-bone spacein X-ray
tomographyimagesof the humanskeletonfor applicationsn hematology

Finally, we would like to mentionthe hugeeffort carriedon by the mostof researcher®f the UNITin
the organizationof the EuropeanConferenceon Applied Superconductivite UCAS013 which has
beenbe heldin Genovan September2013with morethan onethousandparticipants

60 |

Fig.2:
Phase diagram aff La(Fg,Ru)AsO
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Research Lines

1. Materials and mechanism of superconductivity and its power

application

Activity leader: Marina Putti

1.2 Static and dynamic properties of type-ll superconductors, and their
functional usefor energyapplications(Salerno)

Contact person GaiaGrimaldi(gaiagrimaldil@spirtCNRt)

Researchers F Giubileo,G. Grimaldi

Associate Researchers| U. GambardellaA. Nigro,S PaceM. Polichetti,P. Romano

Researclactivitiesin Salerndfocuson thin films fabricationand characterizatiorof innovativematerials
by meansof transport, magnetic,electric noiseand thermal measurementsin particularwe studythe
current carryingcapabilityof type-ll superconductorsaind the dissipativeregimesrelated to the vortex
dynamicsand the pinning properties of the material Samples,mainly in the form of micrometric
bridgesby epitaxialthin films of both low and high critical temperature superconductingnaterials,are
characterizedy currentvoltagemeasurementsTheintrinsic pinningpropertiesof the materialscanbe
modified by different ways the introduction of artificial pinningsites,the irradiation by ionsand tuning
the temperature We probe that maximumpinning doesnot alwayscorrespondto higheststability of
the superconductingstate, asa consequenceave suggesthow to increasethe current carryingstability
in type-ll superconductorsNhlch maybe of S|gn|f|canunterestto technologicahpplications
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In close collaboration with  Genoa research unit
which provides samplesrealizedin forms of thin
films and bulks,we study the pinning propertiesin
the 11-family of iron-based superconductors We
compare the intrinsic anisotropy and pinning
energyof the singlecrystalwith films and bulk, in
order to highlight that this compound can be a
competitive technological material for high
magneticfield applications Theso-calledd S f S
noise & LJS Ol NRisi @ipliete © study the
electrical conduction and voltagenoise properties
of these materials In particular a comparison
between FeTg:Sg s epitaxial thin films and Co
doped Bal122 compound shows that this latter
material can be a good candidate for electronic
applications

Fig.1
Light ion irradiation effects on the flux flow state of
Nb thin films.
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Research Lines

1. Materials and mechanism of superconductivity and its power
application

Activity leader: Marina Pultti A

The magnetic properties of superconductorsand
magneticmaterialsare analyzedboth in dcandin ac

fields In particular, the innovative & a d#fiafmbnic 3 "1 |

AC{ dza O$ LJinatitod df andlysisbasedon the §

study of the higher harmonics of the ac 2 R
susceptibility js usedto interpret the datain acfield. § W No pinning
We usea comparisonamongthe componentsof the — Paral pinning

experimental first and third harmonics, together 5,010 |
with the support of the results coming from dc =% 5 ° = & =
magnetization measurementsand from numerical VeslV)

simulationsof magneticflux diffusion processesn 5 Ejectricalcyclesproduce the appearanceof
the material With this method we extract detailed two conductanceminima The double dip is the
information about the properties of the flux line  result of a different Fermilevel alignmentwithin
lattice, of the pinning centers,and of the different ~ the grapheneat the contactswith respectto the
vortexdynamicaregimes bulk channel.

Accordingto the missionof studyinga A y y 2 @atdridlsai® their applicationin the fields of
electronicsand S y' S NaHr&eétivity is also devotedto the fabrication and characterizationof thin
films of the electrondoped Nd, ,CeCuQ_ 4 (NCCO)ompound, which is routinely fabricated in
Salernoby on-axisdc sputteringtechnique Thecharacterizatiorof its electricaltransport properties,
the identificationof the chargecarriersandthe studyof the influenceof its optical properties,on the
normal as well as the superconductingstate of this material, constitute a preliminary analysisto
selectthe sampleswith the bestperformanceto designopticaldevices

Thesamegroupof SalernoResearcherss alsoengagedon a new researchtopic, i.e.: the fabrication
and characterizatiorof graphenebaseddevices(field effect transistors,field emitters, gassensors,
memories, etc.). Graphenebased FETJGFETsgombine an ultra-thin body suitable for aggressive
channellength scalingwith excellentintrinsic transport properties Thecontactsbetweengraphene
and metal electrodescansignificantlyaffect the electronictransportand limit the full exploitationof
the grapheneintrinsic properties, makingthe choiceof materialsand fabricationtechniques- both
for the contacts and the gate dielectrics crucial The use of a four-point setup for electrical
characterizationis clearly suitableto prevent the problemsrelated to contact resistance but real
electronic applicationsare basedon two-terminal deviceswhere the effect of contact resistance
cannotbe avoided Forthis reasonwe studythe physicaleffectsdueto the contactresistanceon the
graphenelayers We stresshere the observationof a clear doubledip feature in the transistor
transfercharacteristicshat we explainedn termsof graphenedopingunder metal contacts
Finally,we emphasizethat all researchersof Salernounit are hardly involvedin a national project
PONG w A OeS NXYTLIS (i A200x-2DA3iuhdedby the Italian Ministry of Universityand Research,
namely NAtional FAcility for SuperconductingSystems(NAFASSY{p realize an infrastructure for
measuring power devices and superconductingmaterials in high magnetic fields and at low
temperatures
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Research Lines

2. Superconductive and hybrid quantum nanostructures and devices

Activity leader: Francesco Tafuri

GeneralDescription

Theresearchactivity is focusedon the
study of superconductinghybrid and
quantum devicesand on the searchof
the unique superconductingproperties
arisingat the nanoscaleLow (LTSynd
high (HTS) critical temperature
superconductors suitably patterned
and engineered with materials of
complementary functionalities, offer
flexible solutions to explore new
fundamental problems in solid state
| physicsandto designnew sensorsand
Cammen n) devices

Effects of coherent nano domains have been identified in the escape phenomena of
Josephsonjunctions, and the codesof phaseslip dynamicsretraced Thesestudies have
been carriedout in high critical current density junctionswith barrierscomposedof nano-
channelsasin YBaCu@rainboundaryjunctions Escapelynamicshasbeenstudiedin NbN
junctionswith ferromagneticbarrierswith evidenceof macroscopicquantum phenomena
Superconducting/ferromagneti¢S/F)heterostructuresare also usedto possiblystudy odd
frequencytriplet superconductingoairs and to understandthe mechanismdor generation
and control of spin-polarizedsupercurrent Al junctionsincorporatingtopologicalinsulators
barriers (BiSe Bi Te, BiSeTehave been realized,providing up to now evidenceof ballistic
proximity effect in 2-dim edge states InAsnanowireswork as barriers connectingAl or
YBCCelectrodes,with YBCQrequiring an innovative suspendedwire geometry Nanowire
and topological insulator barriers support the notion of unique state-of-the-art hybrid
deviceswith new functionalitiesand with potential of revealingMajoranafermions.

We have investigatedother phenomenawhere superconductivityand nanophysicoexist
andcooperate,asoccurringfor instancein superconductingnterface (NGO/LAO$ystemsor

in superconductingnanowires(SNs)of variousmaterials SNssupport variousapplicative
projects,andspecificallyphoton detectors

The researchline funds on the capability of usingdifferent experimentaltechniquesand
know-how (time-resolvedoptical spectroscopymeasurementsScanning?robeMicroscopy,
low temperature magnetic force microscopy, transport and noise characterization of

patternedthin films and junctions,escapedynamicsX) on a variety of superconductorgi.e.

pnictidesand oxidesand YBCO/manganit&JbN/NiCuhetero-structures)anddevices
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Research Lines

2. Superconductive and hybrid quantum nanostructures and devices

Activity leader: Francesco Tafuri

2.1 Quantum and norequlibrium effects in junctions and hybrid nanostructures (Naples)

Contact person Francescd afuri(tafuri@nainfn.it)

Researchers P. LucignanoA. Porzio M. Valentino

A. Andreone, C De Lisio, L Parlato, GP. Pepe, F. Tafuri, A

Associate Researchers .
Tagliacozzo

Theresearchactivity is focusedon the study of superconductinghybrid and quantumdevicesand on
the searchof the uniquesuperconductingropertiesarisingat the nanoscaleLow(LTSand high (HTS)
critical temperature superconductors suitably patterned and engineered with materials of
complementaryfunctionalities,offer flexible solutionsto explore new fundamentalproblemsin solid
state physicsandto designnew sensorsanddevices

Superconductinghybrid nano structures from macroscopicquantum phenomenato the searchof
Majoranafermions

High critical temperature superconductorg HTS)systemsrangingfrom YBaCuanaojunctions and
nano-channelsto hybrid systemsincorporating semiconductinglnAs nanowireshave been realized
and characterized Referencesamplesemploying Nb and NbN junctions with different types of
barriers have been studied as well. Junctionswith ferromagnetic barriers have been as well
investigatedin the quantum regime Their quantum signatureis encodedin the escapedynamics
Novelinsightson the interplay between coherenceand dissipationin the moderatelydampedregime
have been achieved,of interest for various quantum hybrid architecturesand for the physicsof
superconductingoxides Nanajunctions point to possible quantum phase diffusion in the limit of
chargingenergy larger than the Josephsorenergy We have identified effects of coherent nano
domainsin escapephenomenaand in some limits retraced codes of phaseslip dynamics.This
experimentpavesthe wayto the useof high_Jgunctionin quantumarchitectures

Figl

a) g b) ° , , () I\_/I_easu_rec_i _switching current
] 2 "% threshola Pt 1 probability distribution I_3(I) at different
I Eos g fq" bath temperatures The inset shows the
L~ lsop B I T ] T 1, \:n 1 device current voltage characteristic
< Voltage (mV) g 6| b { measuredat 30 mK Thereferencevalue
= 1m0 Tys00mk R e \ ] for the threshold detector is also
z £ I ':"jzmif.:.-;.umx 4_-,3; j‘_'\ \ 1 displayed (b) Tempera_ltu_re dependence
0l T '\\‘ N of the standard deviation, of the
i L ——1 switching distributions The dashdotted
ok ) Temperature (mk) i Y line marksthe temperatureindependent

4 2 100 300 1000 H H H
092 09 0-“(:$iil[:i‘)’ 102 1.04 Tempecsivas (k) SCDwidths in the quantum tunneling

regime, the red solid line is the result of
simulationsin the diffusiveregimewith a
dampingparameterof Q=1.3.
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2. Superconductive and hybrid quantum nanostructures and devices

Activity leader: Francesco Tafuri

Topologicalinsulators barriers (BiSe,Bi Te, BiSeTehave been integrated into Al superconducting
electrodesin the searchof Majoranafermions Integrationof nanowiresand two-dimensionalflakes
asbarriersinto high quality junctionshasleadto noveldevicedesignsand conceptswhichneedto be
further engineeredand explored Thetheoreticalactivity hasbeenspecificallyfocusedon the study of
MajoranaFermionsin hybrid structuresinvolvingsuperconductorsand semiconductoror topologica
insulators Closedloops trycristal geometriesencompassindiigh Tc oxideshave revealeda unique
robustnessof Majoranabound states,and offer novelbenchmarkdor probingMajoranastatesbased
on flux measurements Phaseslips dynamicsin quasi one-dimensionalsuperconductorsand its
influenceon switchingcurrent distribution hasbeenaddressedy meansof stochastionodels Studies
on teleportation fidelity, guantum discordand mutual information in optical systemshavebeenalso
carriedout.

Physicsand applicationsof superconductingnanowires
The experimentalactivity on oxide is completed by low
temperature magnetoetransport measurements on
NGO/LAQinterfaces, and by the realization of YBCO
nanowires with critical current densities close to 108
Alcm?, This is part of a quite broad activity on the
physicsand applicationsof superconductinghanowires
Large coverage area, good sensitivity and fast time
response are key performances that have been
addressed by innovative design of series parallel
nanowireconnections SEM picture of a device, made withzigbznm
Photoresponseexperlmentshave been_ performed.on P wide YBCO/LSMO nilewires.
YBCQand YBCO/LSM@anowires(seeFig 2) by optical

laserpulsesat 1550nm wavelength

Neat photo-responsesignalsobservedunder wide current biasingconditionseven at temperatures
closethe critical temperature of the nanowires,encouragefurther studiesand possibleapplications
YBCGsuperconductinghanowire photon detectors have been usedto study non-equilibrium effects
under controlledopticalstimulusin the flux-flow.

Ultrafast optical characterization

Timeresolved optical spectroscopymeasurementsemploying & LJdz¥and LINE deShnique and
femto-secondlaser source, have been performed to study electronic relaxationin unconventional
superconductors,i.e. pnictides and oxides and YBCO/manganite NbN/NiCu hetero-structures
Evidenceon the influenceof material propertiesof superconductindhybrid bilayerson fast relaxation
processeshasbeengiven Thistechniqguehasbeenusedto investigatethe potential role of different
electron couplingmechanismsassistingsuperconductivityin iron-basedsuperconductorswithin the
frameworkof the EUprojectiron-sea
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2. Superconductive and hybrid quantum nanostructures and devices

Activity leader: Francesco Tafuri

2.2 Superconducting and hybrid materials devices (Salerno)

Contact person CarlaCirillo(carlacirillo@spinCNRit)
Researchers | C Cirillo,N. Martucciello

Associate Researchers| C Attanasio,F. Bobba,G. CarapellaA. M. CucoloS Pagano

The researchactivity is focused on fundamental aspectsof superconductivityand their possible
applications,mainlyin the field of superconductingelectronics Junctions hybrid nanostructuresand
nanowiresof both traditional and unconventionakuperconductorare investigatedand engineeredn
form of thin films baseddevices The unit hasa well known experiencein the fabrication (including
lithographicprocessesandin the characterizatiorof thesematerials

Thegroupsare intensivelyinvolvedresearchinessyntheticallydescribedasfollows:

-Depositionand characterizationof superconducting/ferromagneti¢S/F)heterostructures
Thisresearchline encompassn itself different area of interest The generationof odd frequency
triplet superconductingpairs was pursued depositing and characterizingby electrical transport
measurementshybrids (bilayers and trilayers) consisting of a spinsinglet superconductor (Nb)
interfacedto ferromagnetswith inhomogeneousmagnetizationprofile (asthick NiFestriped films).
Thefinal goal is to advancein the understandingof the mechanismdor generationand control of
spinpolarizedsupercurrents S/F based photodetectors,with promising performances,as response
velocitywere alsoelectricallycharacterized Thedynamicsof superconductingsorticesin S/Fhilayers
wascontrolledusingScannind’robeMicroscopy(SPM}echnigues suchaslow temperatureMagnetic
ForceMicroscopy(seeFig 1) to study the surfacemicro-magneticconfigurationin F films, and AFM
basedfield emissionexperimentsto get electrical characterizationsof materials at the nanometer
scale

-Fluctuationphenomenain innovative materialsand devices

The study focuses on novel iron-based

‘ \ superconductors (FeSeTe, Codoped Bal22)
mainlyin the frameworkof the IRONSERroject

Thelatter aims at developmentof technologies

for possible electronic applications of these

materials The activity performed within the

g
module regards the assessmentof MgR2

&\- (showing some physical properties common to
‘ iron-based  superconductors) thin  film
o1 frequency span 1.7 Hz technology the developmentof micronandsub

ia. . : :
MI%M maps sh(_)Wing vortex/antivortex _chains gﬁ;(;reo dn ;C?[Leinpat]}i(lenrﬁr;ngtr{aerfsh;(?rlto ggr:cgr rlll;;)lrs]_e
nucleated in NiFe(2um)/Nb(200 nm) bilayer at (a) i ’ - )
T=11K and (b) T=6K (b). Image size : 3.8 um x 3.8 characterization of patterned thin films and
um. junctions
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2. Superconductive and hybrid quantum nanostructures and devices

Activity leader: Francesco Tafuri

Theinvestigationgrely on a photolithographicpatterning processcapableto producelinesdownto
2 micrometers(seeFig 2(a)).

Additionally,experimentswere carriedon other innovativematerialsand devices,suchasLABMO,
NCCO2-dimensionalelectrongas LAO/STOnterfacesand polimerfullerene solarcells,to extract
physicalinformationsfrom the noisespectroscopynalysis

Fig2

(a) patterned FeSeTethin film with line widths
ranging from 2 to 100 micrometers (b), (c)
particularof a nanoporousNb bridge patterned by
EBL the averagepores diameter and distanceare
15nm and 50 nm respectively

Experimentalactivitiesinvolving lithography and thin film deposition

Deviceshasedon superconductivestrips with thicknessvariableon nanometerscaleshoweda diode
like-behavior in the presenceof an applied magneticfield, whose orientation with respectto the
substrate generatesasymmetryin critical current or in the voltage The experimentalresults have
been explained by numerical simulationsin the framework of time dependent GinzburgLandau
model Ultrathin Nb films deposited on nanoporoussilicon substrateswere patterned by Electron
Beam Lithography(EBL)technique obtaining superconductingnanowire networks for the study of
guantumphaseslip processesMoreover, Hallbarsbasedon very thin Cufilms were realizedto study
weaklocalizationeffectsby electricaltransport Concerninghe investigationof the photoresponseof
nanostructured superconductorsthe activity has been focussedto the realization of large area
detectorsfor applicationto photondetectionandmacromoleculaletection(for MassSpectroscopy)
More recently, the activity for the development of single photon detectors based on high Tc
materials,suclasYBC@nd NCCOhasbeenstarted
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3. Cooperative phenomena in advanced materials with magnetic and/or

dipolar electric ordering

Activity leader: Antonio Vecchione
GeneralDescription
Thelast two-year activity of this Commessdasbeen

focusedon the synthesis,analysisand modeling of
materials where the coupling of spin, charge,and

e orbital degrees of freedom emerging from the
Materials with), electronelectronand electrortlattice interaction lead
pin, chargy "‘d to electricaland magneticunconventionalproperties

W The researchhas been centered on systemswhere
the propertiesdependon cooperativephenomenaof
coexistenceand/or competition of different types of

longrangeorderings

Systemsof interests as manganites,ferroics, multiferroics and magnetoelectricsmaterials,

oxides of copper, titanium, manganeseand ruthenium have been grown as thin films (via
MBE ,PLD sputtering)and singlecrystals Themain subjectsof studyare the manufacturingof

controlled interfaces in epitaxial heterostructures and eutectic, the production of nano

particles by laser ablation with ultra-short pulses and the problems inherent to the

mechanismof growth. The effort devotedin thesetwo yearsin the realizationof materials
with a high degree of orientation and purity were crucial gain a better control of the

fundamentalinteractionsthat regulate the information and/or the competition of different

correlatedphases

Thepropertiesof abovementioned systemshave been carried by usedtechniquesbasedon

the interaction of radiation with matter suchas linear and non-linear optical spectroscopy,
tunnel and atomic force microscopy,electron diffraction and photoemission Whereas,the

thin films and multilayers, reaktime diagnostic based on optical technigues have been
developedgetting atomic level control of the depositionprocess Thisinvestigationhasbeen
complementedby experimentsbasedon high and low temperature and applied magnetic
field of magnetization, ac susceptibility and dc magnetoresistance, current-voltage
characteristic The goal of this researchwas the understandingof aspectsrelated to the

macroscopigropertiesrelatedto electricaland magneticfields arisingin electronicstructure

investigatingsurfaceandbulk of the samplego obtain a multi-scaleapproachto the systemin

question

Theoretical modeling techniques like ab-initic manybody approaches, analytical and

numericaltechniqueshave been usedin the context of systemswith strong correlation The
main effeort was devotedto the determination of the structural, magnetic,electronic and

ferroelectric properties The connection between the computational and experimental
context hasbeen of paramountimportanceto the objectivesof the Commessalndeed,the

combination of experimental investigation and theoretical modeling has allowed i) an

accuratedescriptionof the propertiesin bulk materialsaswell asin thin films, surfacesand

interfacesof oxidesbasedon transition metals and ii) a detailed analysisof multifunctional

materials, such as multiferroics showing electronic mechanisms capable of inducing
ferroelectricpropertiesand/ or magnetoelectrieffects
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3. Cooperative phenomena in advanced materials with magnetic and/or
dipolar electric ordering

Activity leader: Antonio Vecchione

3.1 Realization and study of materials with strong spin, charge and orbital correlations
(Salerno)

Contact person AntonioVecchiongantoniovecchione @spilt NRit)
Researchers M. CuocoP. Gentile,R Fittipaldi, A. VecchioneF. Forte,F. Chiarella

Associate Researchers| C Noce,A. Romano

The activity of the presentModulo points to the synthesisof material within different methods of
growth, suchassinglecrystalsand oriented samplesshowingstrong correlationsof spin, chargeand
orbital degreesof freedom and to their study by usingab-initio techniques,many-body approaches
and numericalsimulationtechniquesfor the determinationof the structural, magnetic,electronicand
ferroelectric properties Systemswhich are the focus of the activities include oxides based on
transitionmetals,multiferroic perovskitesand hybrid combinationof them.
Theveryrecentexperimentalactivitiesmainly concernthe growth of singlecrystalsof the Ba,CuGgO,
helimagnetby floating zonetechnique Theaim of this researchisto investigatethe complexmagnetic
phasediagramandthe electronicpropertiescurrentlyunknownfor this material

Moreover, it has been investigated the nature of the planar and apical oxygenin the family
St 4RYGO;,4 (0 =1,2,3) thanksto the X ray absorptionmeasurementgerformed on the produced
samples In addition, it was studied in detail the electronic structure of SLRuQ crystalsby ARPES
measurementgFigl) andthe origin of the metamagnetismn Sy,RyO,, by elasticneutron scattering
measurements

The experimentalactivities have covered also Tt
measurements by  scanning electron Yi s
microscopy and Xray diffractometry mainly | P PSRRI
devoted to the study of nanoparticles of

titanium dioxide, of copper nanoparticles
deposited on porous silicon and manganite

L .

dopedwith galliumaswell.
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3. Cooperative phenomena in advanced materials with magnetic and/or

dipolar electric ordering

Activity leader: Antonio Vecchione

The theoretical activity of the Modulo has been

focused on the study of unconventional

superconductorsand related heterostructureswith
special emphasis on those with spintriplet and
mixedparity pairing symmetry We found two
remarkable effects when dealing with spinttriplet
superconductorsi) there is an effective spinorbital
coupling between the magnetization of the
ferromagnetand the orbital symmetry of the pairs
emergingat the interface with a ferromagnetthat
controls the physical properties, ii) the Andreev
states at their edge can become magneticif the
systemallows for singlet pairing in a subdominant
channel

o
~ [

ET SUPERCONDUCTOR

Fig.2:Spirorbital coupling emerging at the
interface of a spitriplet superconductor with a
ferromagnet

The study of atomically matching heterostructure has been also performed by meansof ab-initio
calculationsfor instance for superlattice systemsbased on perovskite oxides with the aim to
determinethe electronicreconstructionand the structural modification occurringat the interface
The theoretical investigationhas been then devotedto the nature of the spin, chargeand orbital
excitationsof correlated oxides A remarkableresult is representedby the determination of the
magneticspectrumof a three dimensionalhyperkagomesystemwhose ground state is believedto

be of spinliquid type.
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3. Cooperative phenomena in advanced materials with magnetic and/or

dipolar electric ordering

Activity leader: Antonio Vecchione

3.2 Growth and characterization of epitaxial and nanostructured films, and interfaces:
pulsed laser deposition, ksitu analysis, optical, magnetic and transport properties
(Naples)

Contact person DomenicoPaparo(domenicopaparo@spitCNRit)

A. Marino, F. Miletto GranozioD. Paparo,V. Tkachenko,
X Wang

Associate Researchers| G, Abbate, S Amoruso, G. Ausanio, R Bruzzese,V. lannotti, L
Lanotte,L Marrucci,U. Scottidi Uccio

Researchers

Thestudy of physicalpropertiesand technologicalapplicationsof innovativematerials, like thin films
of WK I & # dxileSor magneticnanoparticleshigh electronicmobility interfacesbetweeninsulating
oxidesand heterostructureswith different functionalities(dielectric,ferroelectric, superconductive),
require a fine control of the fabrication processas well as the use of advancedcharacterization
techniques In our unit the samplesare grown by meansof pulsedlaserablation,in the nsaswell asfs
time regime The growth is monitored in real time through different complementarytechniques,
capableof probing both the generatedplasmaand the surface The W ZyA Ghaz€xterizatiorof the
samplesare performedby meansof photoemissionspectroscopyand electronicdiffraction. Thestudy
of the electronic,magnetic,optical and structural propertiesof the fabricatedsamplesexploit several
advancedcharacterizationtechniques surface second harmonic generation (SSHG)spectroscopic
ellipsometry, transport measurements in external fields, magnetization measurements, THz
spectroscopyand advancedspectroscopiegt largescalefacilities In this respectFigurel summarizes

well the coreresearchactivity of our unit. o o
Themostrecentand future activity of the majority of our

SSHG researcherss largely dictated by those topics that have
; beenrecentlyfinancedby different nationalandeuropean
projects EUFR 2009 ¢ Wa ! ad Unlockingresearch
potential for multifunctional advanced materials and

LASER Functional oxides interfaces charge dynamics under
ultrafast electric G NI y § EBRRP(2013 ¢ W¢ h - 9
Towards an oxidebased St S O (i;NPRYNA20GSB
WPDEGFOX] Twodimensionaklectrongasesat functional
oxideA y i S NARIN2ARZACWh - k 6xdelnterfaces
emergingnew properties, multifunctionality, and devices
for electronicandS y SNH & Q

SAMPLES

PLUME
Fig.1
Thepicture summarizeghe coreresearchactivity of our unit.
It highlights the growth and characterizatiortechniquesthat

ANAL il -
areoften combinedtogether.
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3. Cooperative phenomena in advanced materials with magnetic and/or

dipolar electric ordering

Activity leader: Antonio Vecchione

In particular in the last two yearsthe ga) qofF Lamp ON b) e =
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important physicalingredientis the polar distance from inerface () Fig.2
discontinuity that occurs between LAO Some of the main experimental results
and STO,but the final phenomenon characterizing the research activity of our unit (see

explanationappearsmore complex Text TORgetng),

We have investigatedmany aspectsof this phenomenon We have shown its generality by growing
different polar/non-polar interfacesand demonstratingthe 2DEGiormation in them. Interfaces,where
the polar discontinuityis removedby depositingan amorphouslayer of LAO havebeenalsogrown. The
latter alsodisplayan insulatorto-metal transition, but in this casea major role of oxygenvacanciess at
play. Thegrowth mechanism®f theseinterfaceshavebeenstudiedin detail, and the criticalrole of the
target-substratedistanceand of the atom kinetic energyhavebeenevidenced All theseinterfaceshave
been deeply investigatedby means of different spectroscopictechniques,as time-resolved photo-
conductivity (Fig 2a), electron energyloss spectroscopycombined with STM (Fig 2c), and SSHG
spectroscopyFig 2b) and SSH@nicroscopy

Fabricatiorof nanoparticlesand compositethin films by ultrafastlaserablation

Ultrashort pulses(<lps) offer new interesting possibilitiesin the field of lasersolid interactionsdue to

the peculiarfeatures of this interaction regime High intensity laser pulsesheat a material target to

highertemperatureand pressurethan do longer, ns pulsesof comparablefluence,sincelaserenergyis

deliveredbefore significantthermal conduction Asa consequenceunder these extreme conditionsof

temperatureand pressure nanoaggregatesf the target materialare generatedthat maydisplayspecial
properties In particular,in the lasttwo years,magneticnanostructuredfilms havebeenfabricatedand
characterized The dependenceof the nanoparticle size, shape, and coalescencedegree, from the

growth conditionsand their influenceon the film magneticpropertieshavebeeninvestigatedin detail.

Finallyan intriguing step-behaviorof the magnetizationasa function of temperaturehasbeenobserved
in densefilms of iron nanoparticlegFig2c).
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3. Cooperative phenomena in advanced materials with magnetic and/or
dipolar electric ordering

Activity leader: Antonio Vecchione

3.3 Structural, electronic and vibrational properties of stronghorrelated systems
o[ Q! {RoieX |

Contact person SilviaPicozz{silviapicozzi@spitCNRit)
Researchers P. Barone A. Ciattoni,A. Stroppa,S Picozzi

Associate Researchers| P. CalvaniP. Maselli,A. NucaraL Ottaviano,G. Profeta

Our activities can be broadly divided in three different subfields Firstprinciples calculationson
advancedmaterials with cooperative orders (Plcozzi,Stroppa, Profeta), theoretical approachesto
metamaterialg Ciattoni)andinfrared spectroscopy(CalvaniMaselli,Nucara)

Asfor ab-initio simulations pur researchhasfocusedon severaldirections

1. Multiferroic and magnetoelectriceffects, with focuson metalorganicframeworks(wherewe have
shownthe hybridimproper origin of ferroelectricityandthe possibilityto tune the polarization2 S Q @S
alsoshowna stronglink betweenthe direction of ferroelectricpolarizationand the rotation direction

of the magnetizatiorin the spin-cycloidmagneticdomainsof the prototypicalmultiferroic, BiFeQ.

2. Spirorbit induced phenomena,suchas Rashbaeffects and topologicalinsulator (T1) behaviourin
narrow-gap semiconductorsln this framework, 6 S Qdposeda new classof materials,labeledas
FerroelectricRashbaSemiconductor§ FERSC)vhose prototype is GeTeand whose potential for
electrically controlled spintronic devicesseemsvery promising FERS@ature a huge Rashbaspirnt
splitting in the bulk (seeFigl) anda stronglink betweenspindegreesof freedomand ferroelectricity:
the spintexture directioncanbe switchedupon switchingof ferroelectricpolarization

or 3. Superconductingnaterials,with focuson
o1 r iron-basedpnictidesand on the possibility
02 r +of inducingsuperconductivityin a graphene
os Sheet by doping its surface with alkaline
o metals In particular, Licovered graphene
s wasfound to be superconductingat a much
, higher temperature wrt to Cacovered
graphene

03
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3. Cooperative phenomena in advanced materials with magnetic and/or

dipolar electric ordering

Activity leader: Antonio Vecchione

In the generalframe of metamaterialsand their optical functionalities,severalactivitieswere carried
out: (i) tailoring of metamaterialswith dielectricpermittivity closeto zeroat a specifiedfrequency (ii)
proving the possibility of usingmodulated infrared (IR) beamto write a metamaterial meta-atoms
(reconfigurable)pattern within a semiconductorableto control the THzradiation; (iii) introducingthe
novel conceptof fast and deep grating in the metamaterial subjectand proving that the effective
mediumresponseallowsdiffractionlesgpropagationof ultra-tightly focusedopticalbeams

The Infrared SpectroscopyGroup at the Sapienza 5
Univ. of Rome continued its activity on two main s AT o
subjects plasmonsin two-dimensionalelectron gases % of »®
(2DEG) and electronic excitations in correlated A - . N i
materials, In the former case,we have reported for o~
the first time the observationof Diracplasmonsina _ ;| S
topological insulator (TI), through transmittance £ .6
measurements of micro-patterned thin films of = S g
B2Se8. By comparing spectra with different = 2 ’
polarizations in differently patterned samples we p
could determine the dispersionlaw of the collective § g
2DEG excitation and demonstrate its excellent i
agreement with the theoretical predictions for the ¥
plasmonof surfaceDiraccarriersin a Tl(dashedinein % 5 0 s o 10°
F|92) . k (CH{I)
Surfaceplasmonsin conventionalmetals can instead be used for the detection of IR photons By
illuminating a micrometric metal meshby a mid-IR tunable Quantum Cascadd aserwe have shown
that the intrinsic linewidth of its responses manytimes smallerthan that previouslybelievedbasing
on experimentswith conventionalinterferometers In the field of correlated materials we have
studiedthe visibleand UV spectraof thin films of manganiteseither Gasubstitutedor defectivein La,
with the aim to assignthe observedbandsto the electronic excitationsof Mn in different valence
states (samplesprovided by the SPINUOSof Na and Sa) The decennial researchon high-Tc
superconductorshas continued by completingthe IR study on the insulatorto-metal transition in
BSC@ndthat on the chargeorderingphenomenain LaEuSrCuWe havealsostarted spectroscopic
experimentson the LAO/STQnterfaces,in collaborationwith the SPINJOSNa, within a PRINproject
The anisotropic spectral properties of the multiferroic compound BaCuGeOhave been also
determined, theoretically supportedby calculationsmade at the SPINUOSof L'Aquilaand at the ISC
UOSof Rome
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4. Functional materials and novel devices for electronics and energy
applications

Activity leader: Daniele Marrée

GeneralDescription

Theactivity within the ¢ O 2 Y Y Shasbéea =
focusedon transition metal compoundsand
organic materials whose properties are
appealingfor applicationsin electronicsand
energy Theresearchactivity canbe resumed
in three maintasks
-Deposition or preparation of studied
compoundsin form of nanoparticlesthin film
or heterostructures
-Deepeningunderstandingof their physical
properties
-Tailoring of physical properties and device
design
In particular,a large effort hasbeendevotedto the investigationof interfacial propertiesboth
in transitionmetal oxideheterostructuresandin organicmultilayers
Duringthe 2012-2013period, the followingmainlinesof researchhavebeencarriedout:
-Materialsand Devicedor Electronics

Study of transport, electronic and magnetic properties of SrTiQ-basedand ZnObased

heterostructures

Investigationof ferromagneticandferroelectricpropertiesof multiferroicfilms

Studyof electronicand magnetcelectronicpropertiesof manganiteand cupratethin films

andheterostructures

Analysiof chargetransportandtrappingphenomenan organicsemiconductors

Study of interfacial electronic phenomena in organicorganic and organicinorganic

heterostructures

Developmentndcharacterizatiorof magneticnanopatrticles

Investigationof mechanicabndelectricalmemoryeffectson oxidebasedMEMS

-Materialsand Devicedor Energy
Engineeringnaterials/heterostructureswith high proton/ion conductivityfor applicationin
micro-SolidOxideFuelCells
Tailoringof plasmonicresonancesof transition metal nanoparticlesfor photovoltaic cells
absorptionenhancement
Investigationof thermoelectric properties of transition metal oxides determination of the
role of guantumconfinementin enhancinghermoelectricproperties
Investigatiorof basicmechanismsuling high T, superconductivityn cuprates
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Research Lines

4. Functional materials and novel devices for electronics and energy

applications

Activity leader: Daniele Marrée

4.1 Functional materials and novel devices for electronics and energy (Genoa)

Contact person DanieleMarré (DanieleMarre @spinCNRt)

Researchers )
Pellegrino

Associate Researchers| G, CostaM. Ferretti,D. Marré, A. SergioSiri

Themain goal of this researchmoduleis to investigate(multi)functionaltransition metal compounds
(oxides,chalcogenidesetc..) whosepropertiesare appealingfor future applicationsin electronicand
energyfieldsandto designandrealizeinnovativedevicesexploitingsuchmaterials

Duringthe 2012-2013period, a specialemphasishasbeenplacedon materialsand devicesfor energy
applicationsin particularwe focusedour efforts on photovoltaicsandthermoelectricspby studying
-plasmonicesonance®f transition metal nanoparticleswe havesucceededn fabricatingultradense
bidimensional arrays of nanosized aluminum particles exhibiting a Localized Surface Plasmon
resonancein the deep UV region of the spectrum, a spectral range never before accessedin
plasmonics The key aspectthat enabledthis achievementis the use of a bottom-up approachfor
samplefabricationthat allowsto obtain nanostructuresdeyondthe currentlimit of lithography:

- rectifying behavior of transition metal oxide junctions from macroscaleto nanoscale,(the latter
studied by BallisticElectron EmissionMicroscopy) The researchactivity has been focusedon the
investigation of electronic transport on Au/Nb:SrTiQ and Au/HfG/TiN junctions Nanoscale
characterizatiorof the inhomogeneityat metaloxide and metaksemiconductorcontactbarriershave
beencorrelatedwith the macroscopicesponseof the devices

- enhancement of thermoelectric properties of strongly correlated oxide confined structures
We have investigatedthe effect of the confinement of a two-dimensionalelectron gasin oxide
heterostructures We have found a large thermopower enhancementin Nb doped SrTiQ
superlatticedueto dilution of the mobilechargeover manyweaklyoccupied bands

We have found also a huge enhancementof the
thermopower in SrTiQLaAIQ interfaces in
depletionregimedue to a large electron phonon
coupling

Moreover, within the energyrelated activities, a
seed project has been launched aiming at the
development of a low cost high throughput
materialdepositiontechniquebasedon ink-jet .

Fig.1: AFM image of a selfganized array of Al
nanoparticles with DUV plasmonic functionality.
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Research Lines

4. Functional materials and novel devices for electronics and energy
applications

Activity leader: Daniele Marrée

Concerningactivity focusedon materialsand devices
for electronics, the main research topics in that

periodhavebeen

-Investigation of electric and optoelectronic
propertiesof 2DEGSying at the interface between
oxides 2DEG$avebeenrealizedin semiconducting
ZnO/ZnMgO  heterostructures high field

characterization,performed at Nijmegen (NL), has
evidenced quantum phenomenaboth in electrical
and in thermoelectricaltransport properties Onthe

other hand, insulating SrTiQ/LaAlQ, or similar
interfaces showing polar discontinuity, have been

realizedand characterized sheddingsomelight on

the originof interfacemagnetism based on a VO2 thin film. Multiple mechanical

Fm_a”y’ by Comb'nmg_ theoret"_:al and eigenfrequency states can be programmed using
experimental efforts, new oxide based interfaces Joule heating..

hostinga 2DECGhavebeenproposed

- Investigationof mechanicaland electrical memory effects on MEMSfully basedon transition
metal oxides promisingresultshavebeenobtainedfor TiO, basedMEMS(seefigure). Theactivity on
oxide-based microelectromechanicalsystems concerns the use of micrometric free-standing
elementsmade of crystallineoxide films to investigate phasetransitionsin transition metal oxide
films. We have realizeda multilevel resistanceand a programmablemechanicalresonator made
with VQ2 thin films cantilevers(collaborationwith Prof Kankiand Prof Tanakafrom ISIR Japan),
usingJouleheating as local power sourceto graduallydrive the phasetransition of VQ2 around its
Metal-Insulator transition temperature Microbridges of manganite films ((La,Sr)Mn@) for
bolometric detection and microheatershave been also realized starting from epitaxial all-oxide
heterostructures

- Developmentand characterizationof magnetic nanoparticles Nanoparticlesand bulk of (Lal-
xCax)Mn@ with x=Cu,Ni have been synthetizedand characterizedevidencingsizeand substitution
effects

Asfinal remark,it mustbe noticedthat, asin the previousperiod,researcherswvithin this module,
have carried out important researchtasks on both fundamental and applied superconductivity
Reportaboutsuchresearchtopicscanbe foundin activity 2 pages

Fig.2: A programmable micromechanical resonator
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4. Functional materials and novel devices for electronics and energy
applications

Activity leader: Daniele Marrée

4.2 Fundamental properties of functional materials suitable for application in energetics
(Rome and Salerno)

Contact person Pasqualérgiani(pasqualeorgiani@spirtCNRt)
Researchers | CAruta,P.Orgiani

Associate Researchers| G, BalestrinoD. DiCastrolMaritato, A Tebano

Themain goal of the moduleis to integrate knowledgeand technigquespresentat CNRSPINto get a
deeper understanding of the underlying mechanismscorrelating the structural, magnetic and
electricalpropertiesof materialsfor microelectronicsand energetics By usingmolecularbeamepitaxy
(MBE)and pulsedlaserdeposition (PLD)systems,novel materials,mostly oxidesin the form of thin
films, are investigated Physical properties of heterostructures and/or singlephase films are
investigatedby combiningdifferent laboratory characterizationtechniques(suchas x-ray diffraction,
electricaland magnetoelectricalanalysislaswell asby usingsynchrotronradiation basedtechniques
(suchasx-ray absorptionand x-ray photoemissionspectroscopy)Theintrinsic behavior,closelylinked
to the fundamental interactions of materials, are discriminatedwith respectto extrinsic effects,
mostly due to the structural/chemicaldisorder, by systematicallyvarying materials and structural
features (e.g. substrate induced strain) and comparingthe experimental data. The study of the
fundamental physical characteristicsallows to highlight the most promising systemsin view of
practicalapplications

Within the researchactivity of the module, the group in
Salernois focusedon the study of electronicand magnetc
electronic properties of metal oxides, in particular
manganitesand cuprates Starting from the consolidated
activities regardingthe thin film deposition (by both MBE
and PLD), the structural characterization (by x-ray
diffraction) and the magnetotransport characterization(e.g.
resistivity curvesas a function of temperature with/without
the presenceof a magneticfield up to 7 Tesla),the 2012
2013 period has witnesseda considerableincreaseof the
group'sactivitiesin the field of electroniccharacterizatiorof
Mn,, @) materials by synchrotron radiation based techniques,
< MinZ including longterm projects at the large scale facility
y J{ ELETTR#&nd severalshortterm experimentson proposalat
20tx2) GRS | f— 2 0, the Europeansynchrotronfacility ESRFand at the French
< g ‘- facility SOLEIL
4 Fig.1
W \*"/‘OZPW ) Schemati_c diag_ram of preferentia_l orbital oc_cup_ation in stoichiometric_and
Mn3g off-stoichiometric LSMO manganites. The kinetic energy of electrons in the

new channel of conduction through thegie can explain the different
orbital occupation.
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Research Lines

4. Functional materials and novel devices for electronics and energy
applications

Activity leader: Daniele Marrée

These activities have been framed within a scientific collaboration agreement with ELETTRA
synchrotronfacility (more specificallywith the CNRIOM institute) on the morphologicaland the
chemicalcharacterizationSEMEDS)structuralanalysis>XRDand electroniccharacterization XPS,
XASARPES)f functionaloxidesproducedin form of thin films at Salerno'dacilities

The researchactivities carried out by the SPINgroup of Rome Tor Vergata cover mainly two
scientificarguments a) getting new functional propertiesin artificial structuresformed by infinite-
layerscupratesand other perovskite oxides,b) engineeringmaterials/heterostructureswith high
proton/ion conductivityfor applicationin micro-SolidOxideFuelCells

Samplesare grown by PLDwith in-situ RHEED
diagnostic and characterizedby conventional _ |Sueercenducting  (32P5 ’

laboratory instrumentation and advanced uperattice
synchrotronradiation techniquesat the ESRn
France and at the Diamond light source in
England In particular, polarizationdependentx-
ray absorption and highenergy x-ray
photoemission (HAXPES)spectroscopies are Non-supercanducting

usedto investigatethe electronic properties at Supertattice B
interface In the case of ionic and proton
conductorsthe role of interfacesand granularity
on the electrochemicahctivity and, thus on the
conduction, is investigated through the

Intensity (arb. u.)

Intensity (arb. u.)

comparison between MacroscopiC 35y 350 348 3456 344 342

measurementf impedancespectroscopy(EIS) Binding eneray (eV)

and the use of a specific scanningmicroscopy Fig.2
techniqgue called electro-chemical strain Ca 2p core level HAXPES measurements show the
microscopy(ESM)n collaborationwith the NAST  oxygen redistribution in the CaCuO2/SrTiO3 interface at
Center of Tor Vergata and the OakRidge the orgin of the superconducting properties.

National laboratory (USA)where several peer
reviewexperimentsvere performed

Themost important resultsof the researchgroupin Salernohasbeenobtainedin the field of the

physical properties of ferromagnetic (e.g. manganites) and superconducting(e.g. cuprates)
functional oxides In particular, by using x-ray absorption spectroscopyand the photo-emission
effect by hard x-ray light, phenomena such as the effect of charge concentration in the

redistribution of electronicbandsin strongly correlated systems has been deeplyinvestigatedby
makingpossiblethe better understandingof fundamentalphysicalphenomenaat the basisof these
materials Aboutthe activitiesof the group in Roma,one of the main relevantachievements the

superconductivityobtainedin CaCu@SrTiQ heterostructureswith Tcabout40 K Thefundamental
role of the oxygen redistribution at the interface has been highlightened by synchrotron
spectroscopigneasurementsin addition, the researchactivity on ionic/proton conductorsmadeit

possibleto clarifythe relevanteffect of defectson the conductivityof micro-SolidOxideFuelCells
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4. Functional materials and novel devices for electronics and energy
applications

Activity leader: Daniele Marrée

4.3 Emerging routes for the control of the (opto)electronic properties of multifunctional
materials and devices (Naples)

Contact person Mario Barra(mario.barra@spinCNRt)

Researchers A. AmbrosioM. Barra,G. M. DelLucaS Lettieri,M. Salluzzo

Associate Researchers| G. Ambrosone[F. Bloisi,L BraicovichA. Cassinesef. Ciccullo,R
DiCapua@G. GhiringhelliP. Maddalenal. Vicari

Theactivitiesare focusedon the emergingroutesfor control and analysisof the electronicproperties
of innovativematerials,systemsand devicesgoingbeyondthe presentstate-of-the-art. Theresearch
efforts are basicallydevotedto studythe physicalpropertiesof materialsexhibitingsensitivityto the
strain, light, electric or magnetic field, chemicaland electrical doping, charge transfer or phase
transitionphenomenaTwomainmaterialcategoriesare investigated

- Carbonbased compounds organic p- and n-type semiconductors(Perylene diimide, Picene,
polythiophene), Azobenzeneontainingpolymers, bio-polymers siliconcarbon

- Oxides Stronglycorrelatedoxideslike cuprates,manganitegBiMnQ,), titanates (SrTiQ) andrelated
heterostructures Conductingand semiconductingdpinaryoxides( ZnO,TiO,).

A wide number of depositiontechniques(OMBD PLD MAPLESputtering,,. SuMBDare employedfor
the growth of the materialsin form of thin films. Theirfundamentalpropertiesare then characterized
throughthe useof advancedspectroscopitechniquessuchRIXSGIXDand XAShasedon synchrotron

radiation,SPMSHGSNOM
Duringthe 20122013 period, the main lines of research

dealtwith:

Charge transport and trapping phenomena in n-type
organicsemiconductors

Interfacial electronic phenomenain organicorganic and
organicinorganicheterostructures

Basic mechanismsruling high T, superconductivity in
cuprates

Electronic and magnetic properties in SrTiQ-based
heterostructures

Ferromagnetic and ferroelectric properties of BiMnG,
films;

Lightdriven complex surfacestructuring of azobenzene
Figl Spiralrelief patternson the surfaceof containgpolymers . . .
azobenzene polymer surface achieved by ~ Fluorescenceproperties of nano-structured binary oxides
vortex-beamilluminatiory. andrelatedresponsdo gasexposure

Depositionand characterizatiorof bio-functional films;
Depositionof nanostructuredsiliconcarbonfilms.
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Research Lines

5. Dynamical, electronic and transport properties of complex systems

and functional materials

Activity leader: Vittorio Cataudella

GeneralDescription

The focus of our theoretical activity is on
modeling equilibrium and transport

{H \{ { ;H( ’/ NS properties of nanosystems and nano

5 e Yo VePe®e Ve devices,such as quantum hall liquids and

topological conductors, nanoc-electro-

mechanical systems, strongly correlated

systemssuch as cuprates, optical lattices

and nanotubes, hybrid superconductor

223222223220223220 normal metal devicesas well as polimeric

22223252 ;\ggp 2 structures and biological systems Our

yiad iR 'a:i: 2 ‘2.: 2 research ranges from the study and

%;3 a‘(». ;(»; 02»‘%;(»; __’9‘; prediction of equilibrium and transport

SRV LI VSO properties of novel nanodevices and
25939393,9393939393

materials,to the analysisof experimental
datafrom existingsystems

Concerninghanotubeswe haveinvestigatedchargeand spincorrelations mainly focusing
on nanotubebased electronic devices also employed in nano-electromechanical
applications We have analysedhe effectsof Wignercorrelationsprobedwith an AFMor
STM tip. We also investigated the nano-electromechanicalproperties of suspended
nanotubes showing the extreme sensitivity of the induced current to the changein
mechanicalproperties One of our goals was to assessthe performancesof carbon
nanotubesas molecular sensorsbasedon transport properties Furthermore,basedon
DFTcalculationswe addressedwo fundamentalaspectson graphenenanoribbons(GNR)
whichare still controversialand debatedin the literature, namely,how andto what extent
the presenceof both the substrateand the covalentfunctionalizationof the GNRaffects
the deviceelectronicproperties

We have enhancedour understandingof particle suspensiongcolloids,foams, bubbles,
granularmaterialsandthe like),ie. systemsof finite-sizeparticlesin a solvent,pointingout
that it is important to go beyond a two-body approach We have also shown that the
dynamicpropertiesof a polymericgel displaya non trivial interference betweenthe gel
andthe glasdransitionlines

Finally we addressedthe open problem of Chromatin spatial organizationin the cell
nucleusthat servesvital functional purposes Introducedthe ¢ & (i Nhdyiadarsd ¢ A
modelwe were ableto explainthe origin and variety of chromatinbehaviorsthat coexist
anddynamicallychangewithin livingcells
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Research Lines

5. Dynamical, electronic and transport properties of complex systems
and functional materials

Activity leader: Vittorio Cataudella

5.1 Models and firstprinciples approaches for functional materials and complex systems
(Naples)

Contact person Vittorio Cataudellgvittorio.cataudella@uninat)

Researchers G. Cantele A. Fierro,M. PicaCiamarra

V. Cataudella,R Citro, A. Coniglio,A. De Candia,G. De

Associate Researchers
Filippis,M. Nicodemi,D. Ninno,CA. Perroni

Carbon nanostructures have been shown to fit a wide range of applications Sizedependent
properties, together with the unique mechanicaland electronicfeaturesof the underlyinggraphene
lattice, allow the desingand engineeringof new classesof devices Amongthe many, we mention

singleelectron transistorsfor nanoelectronicsand nanoelectromechanicalesonators Thesedevices
are driven by the nanostructureability of carryingan electroniccurrent, the couplingto the metallic

substrateand/or contacts,the couplingof electrontransport and mechanicamotion, chargetransfer

processes

Toshedlight on these properties,both first principlescalculationsbasedon densityfunctionaltheory

(DFT)and effective model calculationsbasedon the Holsteinmodel have been appliedto different

systemsbasedon carbonnanostructuresas sketchedin Fig 1. In the caseof carbonnanotube (CN)
we have shown that the extreme sensitivity of the induced current to the changein mechanical
propertiesof the suspendedCN(due, for instance to an adsorbedmoleculesor an external magnetic

fields)allowsto usethesedevicesassensors . < .
) Graphenenanoribbonscovalentlyimmobilizedon

a metallic substrate The study, based on

graphene nanoribbon extensivelargescale DFTcalculations,addresses

two fundamental aspects which are still

controversial and debated in the literature,

/‘\ namely,how and to what extent the presenceof

. ey < both the substrate and the covalent
A AR At functionalization of the GNR affects the device
XY v TV':'/ electronicproperties Theresultsindicate a route

for the realization of nanopatterned GNRbased
nanodevicesand highlight the role of the local
chemistryin the performanceand functionality of
suchdevices

~ r Fig.1
Graphene nano structures contacted between two metallic
electrodes. Applications range from nano electronic (top
panel) to nanoelectromechanic (bottom panel) devices.

Device engineering needs control over size, shape,
functionalization or even defects distribution.
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5. Dynamical, electronic and transport properties of complex systems
and functional materials

Activity leader: Vittorio Cataudella

Particle suspensions(colloids, foams, bubbles,
granular materials and the like),i.e. systemsof
finite-size particles in a solvent, are commonly
investigated via an effective interaction
approach,where they are consideredto behave 01
aspoint particlesinteractingvia an effective two
body potential. We have questioned the
correctness of this approach for system of 1 ™%
macroscopicsoft particles,suchas suspensiorof Lt

100 - /D= 1.0 /D =0.62

: : -100 0 100 -100 0 100
gel particles, that shrink and deform when

compressed The figure illustrates a numerical _ o _ ~ Fig2
studyallowingto measurethe interaction energy The investigation of the energy of interaction of soft

polymeric particles reveals that these interact via a

of a particle fixed in the origin, with other many-body effective potential.

confiningparticlesplacedat a distancer.

By studyingthe dependenceof the averageenergyof interaction of the central particle with the

other particles,asa function of the number of 'confining' particles,we have demonstratedthat soft

particlesinteractviaa many-bodypotential.

Chromatinhasa complexspatialorganizationin the cell nucleusthat servesvital functionalpurposes
A variety of chromatin folding conformations has been detected by singlecell imaging and

chromosomeconformation capturebasedapproaches However,a unified quantitative framework
describingspatial chromatin organizationis still lacking We introduced the ¢ & (i Nahdybmders
& ¢ A (ntdelictexplainthe origin and variety of chromatinbehaviorsthat coexistand dynamically
change within living cells This simple polymer model recapitulates the scaling properties of

chromatin folding reported experimentally in different cellular systems, the fractal state of

chromatin,the processe®f domainformation,andloopingout.

Thedynamicpropertiesof a polymericgel displaya non trivial interferencebetweenthe gelandthe

glasstransition lines Focusingon a systemwith permanentbondswhere the solgel andthe glass
transition linesintersectwe observethe interferenceof a continuousand a discontinuougransition

of structural arrest Our findings are in agreementwith Mode CouplingTheoryor schematicF,,

model,whichpredictsthe presenceof logarithmicdecayin the relaxation

SPINScientific Repor2012-2013 pag. 38 I_‘



Research Lines

5. Dynamical, electronic and transport properties of complex systems

and functional materials

Activity leader: Vittorio Cataudella

5.2 Quantum nano devices and complex systems (Genoa)

Contact person

Researchers

Associate Researchers

M. Sassetti

Maura Sassett{sassetti@fisicanigeit)

A. BraggioP. Solinas

In this theoretical activity we investigatethe properties of nano-systemsand nano-devices,suchas
qguantumhall liguidsandtopologicalconductors,nanc-electromechanicasystems stronglycorrelated
nanotubesand nanowires hybrid superconductomormalmetaldevices

Our researchrangesfrom the study and prediction of equilibrium and transport properties of novel
nano-devicesto the analysiof experimentaldatafrom existingsystems

Concerningnanotubes we have investigated charge and spin correlations mainly focusing on
nanotubebasedelectronic devicesalso employedin nano-electromechanicabpplications We have
analysedhe effectsof Wignercorrelationsprobedwith an AFMor STMtip. We alsoinvestigatedthe
nano-electromechanicaproperties of suspendednanotubesand in the quantum coherent regime
Oneof our goalswasto assesshe performancesof carbonnanotubesas molecularsensorsdhasedon

transportproperties

Another line of researchhas been devoted to
systemcharacterizedby a topologicalorder such
as topological insulators and quantum Hall
systems In particular, we investigatedthe nature
of the edge states, their interference properties,
the possibilityto produce spin current pumping,
Coulomb blockade detection and tunnelling in
extended contacts within the helical Luttinger
liquid arising at the boundariesof a topological
insulator. The transport and noise properties of
fractional non-Abelian quantum hall states were
investigated, analyzing signatures of the edge
state model taking also into acccountthe non-
equilibrium1/f noise

Figl

Top HelicalLuttingerliquid at the edgeof topological
insulator.

Bottom: Dominance of Abelian over non-Abelian
excitationasa function of 1/f noisestrength
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Research Lines

5. Dynamical, electronic and transport properties of complex systems
and functional materials

Activity leader: Vittorio Cataudella

Motivated by the existence of topological
materials we investigatedthe boundary states 1
that automatically stem from topological field &
theories, describing the bulk properties of
topological insulators, when fundamental (a O
properties such as gauge symmetries, are
imposed Their properties are peculiar and .o
universal, since they are Oprotectecé by §.
topological order and/or discrete symmetries "
(suchas time reversal) A nontrivial result was (b)
the demonstration that dbackground fieldé
topological field theories could be an £
appropriate description of topologicalinsulator ™
in 2+1D (alsoin the non-Abeliancase)and in (¢) O, —
3+1D or, via dimensionalreduction, in another O/D
topologicalmaterial suchas a Weyl semimetal %
Recentlywe have started to investigate how
holographic methods could be wused to
investigateunconventionakuperconductorand
their peculiar properties, in close collaboration
with researchersat INFN

Ourlastresearchtopic is devotedto the transport propertiesof hybrid superconductomormalmetal
devices In particular we studied the effects on the transport and noise properties and the full
counting statistics of a quantum dot mediating the coupling between the superconductingand
normal metal lead, consideringAndreev currents and non-local pair breaking phenomena The
inclusionof spinorbit interaction in the hybrid system,also includinga magneticfield, opensthe
possibilityto investigatethe existenceandthe propertiesof Majoranafermionswhichrecently have
attractedmuchattention.

Theinvestigationof thermal transport in extendedJosephsorunctionswhen an externalmagnetic
field is applied has been performed in collaboration with researchersat CNRNANOIn Pisa In
particular interference patterns of the thermal transport were predicted, in strong analogywith
optics,suggestinghe interpretation of coherentthermal transport. Suchinterferencepatternswere
recently observedin experiments,starting the new field of coherent thermal transport Future
developmentsof this researchwill addresshe thermal transport statisticsof coherentnano-systems
alsothe presenceof dissipativebaths Electrothermal transport propertieswill be alsoanalysedn
novelsuperconductingnaterialssuchasiron-pnictide,experimentallystudiedat the CNRSPIN
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Fig.2
Heat transport interference in extended Josephson
junctions under an externall magnetic field.
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Equipment

SPINs endowedwith a large set of advancedscientificequipments,includingnearly
20 thin film depositionsystems,3 cleanrooms, 3 low temperature - high field STM
systemsnumerouslasersourcesemitting form IRto UVandrangingform CWmode
to femtosecondpulses

SPINequipmentcanbe groupedinto the followinghomogeneousAreas:

Thinfilm Deposition(Resp GiuseppeBalestrino)
Lithography(RespNadiaMartucciello)

Bulkmaterialpreparation(RespAlberto Martinelli)

Structuralmorphologicahnd chemicalproperties(RespUmberto Scottidi Uccio)
Opticalpropertiesand characterizatio(RespDomenicaPaparo)
Electronicandtransportproperties(RespLuigiMaritato)

Computation(RespMario Cuoco)

The role of the Area Responsiblds to guaranteethe optimal use of the Institute
equipmentsand to promote new acquisitionsto improve the Institute potentialities
in the specificarea

Someof the mainequipmentdividedby ResearchiJnitsare describedn the following
pages
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Main experimental facilities

Genova

The UOSof Genovahas a large amount of scientific equipment allowing preparation of
different materialsin bulk, wire, tape andthin film form, aswell asmorphological structural
magneticand transport properties characterization The UOSown also a Helium liquefier
allowing L-HE production of about 15 liters per hour and a setup for He gasrecoveryand
storage

Mainequipmentsin SPINGenova.aboratoriesre:

Bulkand (nano)powderspreparation

Different chemicallaboratoriesequippedfor synthesisof different materialsby solid state
reactionsandchemicakharacterization

SuperconductingViresandtapes

Rolllingand Drawingmachinesallowingthe realizationof tapesand wireson kilometer length
scaleusingthe powderin tube technique Variousfurnacesin different controlledatmosphere
ThinFilmDeposition

2 excimerlasersand two PLDsystemswith multitarget carouseland RHEERools for in situ
monitoring of the growth. One mixed MBE/PLDsystem,severaleffusive cellsfor transition
metaldeposition Thelab own alsoanink-jet printer for low costmaterialdeposition
Devicefabrication

Clean room equipped with optical lithography facilities, DC sputtering system, AFM
nanolithographysystem supercriticadrier system

Scannind’robeMicroscopy

Atomic Force Microscope and Low Temperature Scanning Tunnel Microscope allowing
investigationof morphologicabndfunctionalpropertiesof thin filmsanddevices
OpticalSpectroscopyandtransportand magneticpropertiesmeasurements
Variabletemperature MOKEsystem,Spectroscopiellipsometry,2 Squidsystemdor magnetic
characterizatiorand a PhysicaPropertiesMeasurementSystemby QuantumDesign, several
cryostatsfor electrical thermoelectricalandthermaltransportpropertiesmeasurements

°°°° Ink-jet printer
‘ for material
deposition

Deformation Laboratory
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Plasma filamentation and White Light Generation Supersonic Molecular

Main experimental facilities

Napoli
The UOSNapolihasa considerableset of scientificequipmentcoveringthe following areas
advanced material fabrication of thin films, structural/morphological and transport
characterizationdown to low temperatures(30mK)and high magneticfields (8T), advanced
opticalcharacterizatiorand spectroscopylow noiseelectroniccharacterizatiorof devicesand
sensorsmicro- and nano-patterning, high/performancescientificcalculus Someequipmentis
part of a larger pool belongingto the Universityhost Department(Dept of Physicsof the
Universityof Napolid C S R § Ndidls#ocatedin sharedlaboratories
Somerelevantequipmentsare:
MODAsystem: Modularfacility for oxidedepositionandin-situ analysiof epitaxialthin films
SuMBDfacility: a multi-chamber systemwith a supersonichighly homogeneuosmolecular
beamfor highquality organicthin films
Computational facility: Multiprocessor cluster for highperformance parallel computing,
equippedwith a fast intra-node interconnect (Infiniband) 212 computing units (core9 are
available with atotal RAMmemoryof 648Gh
White Light generationsystem amplified Lasersource,which deliversultra-short and high-
powerpulseg4 mJ,1 KHz 35fs).

Computational
facility

in air, produced by an amplified Laser source Beam Deposition

SPIN
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Main experimental facilities

Salerno

The UOSSalernohas a large amount of scientific equipment coveringthe following areas
advanced material fabrication in bulk and thin film form, structural and transport
characterizationmicro and nano patterning, advancedcalculus Someequipmentis part of a
larger pool belongingto the University host Departments(Physicsand Engineering)and is
locatedin sharedlaboratories

Somerelevantequipmentsare:

Electronmicroscopyfacility: one tungsten/LaB SEM(LEOEVO50) with a secondaryelectron

and 4t lj dzI FONI-Oy] (m Zeldtran deSebtdrs, EDX,WDXand EBSDanalysis one FESEM
(Figmaby ZEISSyith InLens S and BSHEletectors,and nano-manipulators

Bulk Infraredimagefurnacefor floating zonecrystalgrowth

Thin Films molecularbeam epitaxy system equippedwith different effusivecellsand S 1t 3 dzy’
for RHEER@nalysis

Transport

Cryomagnetsystem equipped with a superconductingnagnetand a variable temperature
insert cooledby meansof a cryo-refrigerator able to operatein the temperaturerangefrom

1.6 Kto 300Kundermagneticfield up to 9T.

Cryogen Free
Magnet Variable
Temperature Insert

Molecularbeamepitaxydepositionsystem

SPIN
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Main experimental facilities

[ Q! lj dzA £ |

TheresearchUnit in L'Aquilais mostly composedby theorists Thecomputationalresourcesused
by the SPINAQ researchersare predominantly located at Supercomputingcentersall around
Europe(Cineca,BarcelonaSupercomputingCenters,etc). Therefore,no specificequipmentis
locatedin L'Aquila

Roma

Theworkingsitesof SPINn Romeare locatedat TorVergataand LaSapienzaUniversities

At University of Tor Vergata, SPINis hosted in the EngineeringDepartment The relevant
equipmentsare devotedto the thin films growth (mainlyheterostructuresand superlatticeshased
on oxide perovskitesystems)by pulsedlaser depositionand their characterizationby structural
and transport measurements three deposition chambers,a 3 circle diffractometer allowing
reciprocalspacemappingand two cryocoolersable to go down to 15 K are available,one of the
two cryocoolersalsoequippedwith an electromagnetableto producea magneticfieldupto 1 T
alonganarbitrary crystallographiclirection.

At Universityof LaSapienzaSPINs hostedin the PhysicDepartment Thescientificequipments
are coveringthe investigationof solid-state materials, nanostructuresand biologicalsystemsby
optical spectroscopyfrom the very far-infrared range through the mid-infrared up to the
ultraviolet broadbandFouriertransform spectroscopys the main experimentaltool, but grating
spectrometers,infrared microscopesguantum cascaddasersand terahertz amplifiermultiplier
chainsare alsoavailable

Pulsed laser Deposition system witksitu
RHEED Diagnostics equipped with a
multitarget system for oxide heterostructures
and superlattices deposition in oxygen
deposition atmosphere enriched with 12% of
ozone.

AFM coupled to a Quantum Casc
Laser for infrared microscopy bel
the diffraction limit.[2

@ SPIN La Sapienza

Interferometer BRUKER 66V for Infrared
Spectroscopy equipped with an infrared
microscope and a cryogenic apparatus for
transmittance and reflectivity measurements
down to 5 K.

@ SPIN La Sapienza
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Projects & Grants

SPIN Active Projectd

Type of Project Coordinator Title ngé'gr UOS Grant €)
EU FP7 Exploring the potential of Irobased Marina
NMP- 2011 SPIN Genova SRS ductors SUPERON Putti ClE cRiRIZL0
LEJECI;:FS)Zamn SPIN Aquila Breaking Inversion Symmetry in Silvia AQ 684.000,00
Grants 201 Magnets: Understand via Theory Picozzi
Unlocking research potential for i
ElégPPéT SPINSalemo  multifunctional advanced materials and '(\;AS(;'SO SA  2.400.00,00
2010 nanoscale phenomena
EU FP7 ; ; Engineering Exotic Phenomena at Oxide  Daniele
NMP 2009 Univ. de Liege i d T GE  354.797,00
EU FP7 . Nanoelectronics : concepts, theory and
TN 2008 Lancaster Univ.  modeliing Maura GE  266.838,90
EU FP7 Univ. Carlo Il MagneticSuperconductor. Cryogenic Carlo . |
SPACE 2010 de Madrid Nor%contactrl)ﬂarmonlc Dr|vey 9 Ferdeghini QLA MERE IS
EU FP7 Curved nanomebranes for topological Paola
ICT 2013 C IFW Quantum Computation poiod Gentile SA  308.220,00
EU FP7 SPIN Napoli Towards an OxidBased Electronics Fabio
COST p Miletto NA  600.000,00
Stpettttroslcopie ?ttitlzh%m%g%_ratterizl_za%_io?le Domenico
i i strutturale e calcolo alinitio applicati allo
PRI A0 Wl Wl studio di gas bidimensionali gle interfacce Paparo NA 48.498,00
di ossidi funzionali
] Studio, definizione e sviluppo di un cavo
PRIN 2008 Univ. Bologna in MgB2 con proprieta elettriche e Carlo GE 21.684,00
termiche adatte al suo utilizzo in un Ferdeghini
limitatore di corrente
Stu?tio teorit_:ohe 80n|tecf?i?th% | Andrei
i spettroscopiche degli effetti de
PRIN 2008 Univ. Genova dPs_ordine_ _epdella pr%senza di piu’ bande  Varlamov RM 26.200,00
nei pnictidi supercondutori FAs
PRIN 2008 SPIN Genova  Protonic Conductirs Solid Oxide Fuel Daniele GE 19.600,00
Cells Marre
Politecnico Ordine orbitale e di spin Marco A
PRIN 2009 Milano nelle eterostrutture dlpcuparti e Salluzzo R?ﬁ 92.896,00
manganiti
Interfacce di ossidi nuove proproeta = Silvia A
PRIN 2011 SPIN emergenti, multifunzionalita e dispositivi Picozzi S 197.277,00
AQ per I'elttronica e I'energia NA
Progetti _ Accordo di cooperazione scientifica Silvia
bilaterali CNR FCT (Portogallo) Picozzi = >.000,00
Progetti i i ientifi il
bilaterali - Accordo di cooperazione scientifica Massimiliano SA 12.000,00

CNR BAS (Bulgaria) Polichetti
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Projects & Grants

SPIN Active Project®

Type of Project Coordinator Title ngé'gr UOS Grant €)

Progetti _ Accordo di cooperazione scientifica Salvatore

bilaterali CNR BAS (Bulgana) Amoruso NA 12.000,00

. . . Nanostrutture ibride superconduttore:
FIRB Futuro in Univ. Napoli applicazioni nanoelettriche proprieta Procolo NA  212.778,00
Ricerca 2011 topppologiche Cormelazione & disardine Lucignano ’
. Transizione di unjamming nei Massi

FIRE; Futuro in i iali i i sismici: Massimo

Ricgtrca 5008 SPIN Napoli tn;gheg,laells%ga}innqgmieepsri%cglrgggnsilsmlm. Pica Ciamarra NA  209.990,00
Nanpstrlgtuttre ibride iajupe,rco,nduttore

FIRB: Futuro in semiconduttore: applicazioni Al ndr

Rice%ca 2011 SPIN Genova  anoeiettriche, .ropp?rlleta topologiche, §f§§‘gig © GE 201.845,00
correlazione e disordine

FIRR: Euturo in Caloritronica coerente in circuiti Paolo

Ricé'éca 2012 NANOGCNR mesoscopici superconduttori Solinas GE  251.292,00

HIREaccorda Universita di MOLSIICRE 6 magnetche por appicaizoni SR AQ  242.611,00

di Programma Firenze nella spintronicagmolecolgre PP ozl

FIRB; Accordo ; A i Ossidi nanostrutturati: mukfunzionalita Ruggero GE

di P?c:)gramma Ll\;lri}glr%sgﬁ;géca e applicazioni Vaglio SA “2Q35HQ0
Nuove strategie nanotecnologiche S

PON ' er la messa a punto di farmaci e Gianpiero NA  102.000,00

2007-2013 BioGem Scarl gresidi diagnostici diretti verso cellule Pepe '
cancerose circostanti

PON 03 National Facility for superconduction Gaia

_ SPIN Salerno Systenm: NAF gy SuP Graaldi SA 75.000,00
EggFi{oEESR SPIN Napoli Laser deposition for sensor (LDFS) \l\/ﬂf?SSimo NA --
Basilicata claniing
. /2yiNREE2 SR_al SIfOGK az2yAl2NRAY3I | YR

POR Campania Magnaghi al yF3ASYSyi(é RA A & 0 Siafbierd 2 Y Ik S a.A %

2007/201 Aconainica Strut}ffure_Miste Me)t/aIIeCp.mposito ¢ élgré%ger kK =37 8gg, 75

OB.OP.2.1e2.2. operanti in Ambienti Ostili sottoposte a
Sollecitazioni Gravose (SiHM)

i Sistemi innovativi Integrati di Analisi di Pasqualino
f{c'i\?\hgxﬁh roject  orION gas prodotti da scaricrgl industriali Maddalena NA 52,320,00
i i ; - ; 4 Orgiani, Gombos,

Eg%lgg%l Projects SPIN NSa érr%%rr\]wiginu vari: Superconduttori, OSSIdI,Sa uzzo, Perront, ﬁﬁ: 52.000,00

Regione Campania Aruta

Regione Liguria Sviluppo di un cavo di diboruro di . - N

PO'CRO FOE SPIN Genova Y’} _5%/5 ar2 [RIFGdG2 LIS NJFgﬁ?O@g?hihiJLJf £O I T5200.80 |F

2007-2013 un sisttma SMES Cryogen Free

Regione Liguria Integrazione PET/MRI con Anna Maria

PO GRO FSE SPIN Genova MPrEEIGNBL SRS 1t t 08 viMagssne 34 PE 50.000,00
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SPIN Active Project8

Type of Project Coordinator Title ngé'gr UOS Grant €)
Regione Liguria Potenzialita applicative dei Carlo
5(%%?0013':25 SPINGenova  povi superco%%uttori a base di Ferro Ferdeghini GE  52.000,00
Fondazione Politecnico Electronic Contro] of Magnetization Silvia
CARIPLO Milano in Spintronic Devices 9 Picozzi AQ 50.000;00
Compagnia di SPIN Genova Potenziamento della_strumentazione . ili . GEs 70. \
StEtQFYoAUZ RSttS t E it CRa HRGON
San Pacio )%dzz i YPOSNAFEA L1SNIB 'r@i@@'SNBsuxor
Compagnia di SPIN Genova Sviluppo di fili innovativi Andrea
San Ba%lo supePcponduttori a base di ferro per Malagoli GE 50.000,00
applicazioni in alto campo magnetico
Cooper Standard  gpin salerno  Analisi SEM / EDS Vecchione,  saA 10.000,00
Sr Fittipaldi
Studio di spt\%biéi_ta temlic_a e c{_elle perdite unBeto
in regime i avvolgimenti
ENEA SPIN Salerno su _e%conduttori ad alt% temperatura Gambardella  SA 00000
critica
ASG Sponsorizzazione Conferenza Caro
Superconductors ~ SPIN Genova infornazionaie EUCA 13 Ferdeghini GE 25.000,00
spa
[ Sviluppo di tecnologie di elaborazione Anna Maria
PARAMED sr SPIN Genova 3 mr%%gml MR g nina gseti GE 25.000,00
Columbus Caratterizzazione di campioni di cavi Caro
Superconductors ~ SPINGenova &0 irSori P Ferdeahini  CE 20.000,00
spa . 9
ASG . ) . .
Supercondutros SPIN Genova Caratterizzazione di materiali @ngbeé’h GE 7.500,00
spa
ENEA SPIN Napoli Progetto SMARTAGS RSS50  NA - 205.000,00
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Main industrial partners

W ASG

pARAVMLEA

fondazione

& ® cariGE

(<, CooperStandard

F.O.S.
Fibre Ottiche Sud Spa

. =] Centro Sviluppo
118! Materiali s.p.a.

4 Columbus

GRUPPO M ALAGALZA

PIAGGIO /)
PPero /2

Compagnia
di San Paolo

é ;S @ A
0T& & IMPIANTI Sir.l.

@

Thin Film Equipment

KME
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Projects

Main Projects

Title

Acronym

Source of funding
Specific funding program
Project Coordinator
SPIN Coordinator

Other partners

Project objectives

Current density
J (MA/cm?)

Local Critical Current Density at 5
K in polycrystalline FeJe5e 5
sample (CNR) evaluated by Hall
Probe Microscopy (Khyushu
University)

Exploring the potential of Irobased Superconductors
SUPERRON

EC

FPZNMP-2011-EuJapan

SPIN GE

Marina Putti, SPIN GE

J KarpiskiEPFL

B. Holtzapfel, IFW

D. Johrendt, LudwiylaximiliansUniversitat Miinchen
M. Eisterer, Vienna University of Technology

J:-1. Shimoyama, University of Tokyo

T. Kiss, Kyushu University

Y.Takano, NIMS

H.Eisaki, AIST

In 2008the group of Prof Hosonodiscoveredthe superconductivityin a

new compoundcontainingFeAsplanes,thus openingthe ageof Febased
superconductorgFeSC)Severalifferent phaseswere rapidly discovered
and today the FeSCsshow the second high Tc behind the highTc
superconductors and very high critical fields. These characteristics
suggestedthat FeSCsan be candidatesfor power application Within

SUPERRONwe depict the roadmap for exploring and exploiting the

potentialities of these materials 1) understanding the fundamental
mechanism®f superconductivityandtheir implication,2) control material

quality, 3) manipulatesuperconductingoroperties,4) assesghe potential

of FeSCswith respectto other superconductors5) identify application
fields,where FeSCgead to a step-like changewith respectto the current

state of the art.

Tocoverthis road SUPERRONhasjoined the efforts of the leadergroups
involvedin the investigationof FeSC¢hroughout EUand Japan Different
phasesof FeSCand also the new pnictide oxides SC,in form of single
crystals,polycrystalsthin films, tapesand wires will be realizedby using
different synthesis methods Superconducting properties will be

investigated also under high magnetic field and/or pressure and

visualizationof local electric field and current will be carried out with

sophisticatedtechniques Thiswide variety of experimentalactivitieswill

be supported by an intense theoretical work including ab-initio

calculationsand theoretical modelling The achievementof the planned
objectivesthrough synergicand coordinatedactivitieswill setthe basisfor

SPINScientific Repor£012-2013
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Projects

Main Projects

Title

Acronym

Source of funding
Specific funding program
Project Coordinator
SPIN Coordinator

Other partners

Project results

MagneticSuperconductor Cryogenic N@ontact Harmonic Drive

MAGDRIVE

EC

FP7 Collaborative Project. Small or medisrale focused research project
Prof. José Luis Pérez Diaz, Universidad Carlos Ill de Madrid, Spain

Carlo Ferdeghini, SPIN GE

Universita degli Studi di Cassino, Italy,
CAN Superconductor, Czech Republic,
BPE Germany,

LIDAX, Spain,

Fundacao da Faculdade de Ciencias da Universidade de Lisboa, Portugal

Theobjectiveof this projectwasto design,build andtest a harmonicdrive
ableto work at low temperaturesfor spaceapplication

The HarmonicDrive (HD) mechanismis a power transmissioncapableof
developing high ratios, providing a high positional precision to the
assemblywith relatively low weight/volume ratio, high torque capability
and near zero backlash It was invented by Musser(1955) for aerospace
applications,but it is widely used now in robotics, medical equipment,
printing presses,vehicles or military industry. The application of HD
mechanismsat low temperature (T<L00 K) is limited by lubrication Any
kind of oil or greasefreezesat cryogenicconditions,losingall the lubricant
properties The objective of this project is to design, build and test a
magnetiesuperconductor cryogenic non contact harmonic drive. This
harmonicdrive will be a mechanismwith a greatreductionratio andit will
be able to operate at cryogenictemperatures It will be basedon a non-
contact interaction between magnets, soft magnetic materials and
superconductorsThereforethe drive hasnot any wearingneither fatigue
and it will not need any lubrication Asdrivesare profuselyusedin many
different fieldsthe result of this projectis a qualitativejump that will open
manyopportunities Therole isin the SPINorojectwasto characterizeand
qualifythe magneticand superconductingnaterialsusedin MAGDRIVE
Theproject was completedat the end of 2013 with a successfutest of a
working systemat cryogenicdemperaturesandin vacuumusefulfor space
applicationwith the following characteristics

wContactlesdevitating systemwThroughwall capability wNo lubrication
required wExtendedoperation lifetime. wOverloadprotection. wVacuum
suitable wCryogenidemperaturesup to -240° C(33K)

It wasalsomade rodim temperature versionof MAGDRIVH(ie, without
the bearings superconductors) that can find great technological

SPINScientific Repor£012-2013

applicationsn the field of robotics ((I:_‘]
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Main Projects

Title

Acronym

Source of funding
Specific funding program
Project Coordinator

SPIN Coordinator
Other partners

Project results

Magnetism

Unlocking research potential for multifunctional advanced materials and
nanoscale phenomena

MAMA

EC
FPZREGPG20101
SPIN SA

Mario Cuoco, SPIN SA

Kamerlingh Onnes Laboratory, Leiden

School of Physics & Astronomy, St. Andrews

IFW, Institute for Theoretical Solid State Physics, Dresden
Institut flr Festkorperforschunginstitute for Advanced Simulation, Jilich
University of Twente, Twente

University of Geneve, DPMC, Geneve

Risg National Laboratory, Roskilde

ETH, Zurich

IMDEA, Madrid

Chalmers University of Technology, Chalmers

University of Warwick, Warwick

Theproject contributed to significantlyincreasethe researchpotential on
multifunctional materials In particular, due to the exploitation of the
project actions (knowhow exchange, upgrade of equipment, and
disseminationthe team of MAMA researchersucceededn developinga
leadingpositionin the growth, characterizatiorand theoretical modelling
of singlecrystals,epitaxial thin films, complexall oxide heterostructures
andhybrid organicinorganicstructures Themainachievementgefer to:

- the increaseof the humanpotential: eightresearchers

g lattice
‘h‘&*f‘pj _J s

!~ = charge )
g ’Q

have been recruited, four of which have gained a

permanentpositionin SPIN

-the reinforcement of the visibility of the research

capacityespeciallydueto the successfubrganizationof

four international events (three workshops and a

conference) and the intense exchangewith all the

partnerinstitutions.

/ -the support for a successfulparticipation to calls
within the FF7 programmeandto the nationalresearch

spin

JSTRIT R ETEL TR

projectcalls

- the strengtheningof the interaction with SMEsthat
led to the developmentof new partnerships

-the increase of research production about 70
publicationsin peerreviewedhigh-impactinternational
journalswere publishedin the frameworkof the MAMA

SPINScientific Repor£012-2013
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Projects

Main Projects

Title
Acronym
Source of funding

Specific funding program

Project Coordinator
SPIN Coordinator

Other partners

Project results

Example of nanostructures
realized with ironbased
superconductors

Establishing the basic science and technology for-tased
superconducting electronics applications

IRONSEA

EC

NMP.2011.2.26 Fundamental properties of novel superconducting
materials (coordinated call with Japan)

Kazumasa lida, LeibAizstitut Fuer Festkoerpetnd Werkstoffforschung
Dresden E.V. IFW Dresden Germany

Sergio Pagano, SPIN SA

FriedrichSchillerUniversitaet Jena FSU Jena Germany
Univerzita Komenskeho V Bratislave Bratislava Slovakia
Politecnico di Torino Italy

Consiglio Nazionale Delle Ricerehsgtituto SPIN Italy
Universiteit Twente Netherlands

Recentinvestigationson iron-basedsuperconductorshave revealedmany
similaritiesto MgB2 and the cuprates,for instance,a multiband nature,

high upper critical fields and a short coherencelength. An immediate
interest of a new class of materials is the exploration of potential

electronics applicationssuch as Josephsondevicesand SQUIDsIn this

project, we address the feasibility of electronics applications by

establishing the fundamentals of the iron-based superconductors
Examiningthe Josephsoneffect and SQUIDs through phasesensitive
experiments,we try to understandfundamentalpropertiessuchasorder

parameterssymmetryand energygap, which is one of the main objective
in this project Investigationsby point contact spectroscopy,infrared

spectroscopyand transport propertiesare alsoconductedwithin the same
frame of this work. Suchfundamental studies may find unique physical
properties,which leadto exploringnew kindsof devicesand applications

Since the iron-based superconductors are multi-band natures,
comparativestudiesto MgB2 are alsocarriedout.

CNReontributesto severalactivitiesusingexpertiseand facilitiesavailable
in various locations The Genoa SPIN section is mainly involved in

preparationof Febased(11) thin films on ordinaryandbicrystalsubstrates
and their morphologicand transport characterization The SalernoSPIN
section dealswith the realizationof high quality MgB? thin films, noise
spectroscopy and fast photo-response measurement on iron-based
superconductors The Naples SPIN section is mainly involved in

performing pump probe measurementsfor characterisation of non-

equilibrium processesin the materials and devices developed The
researchersat ICIB fabricate and characterizeiron-basedbicrystalgrain

boundary junctions, and develop theoretical modeling of Josephson

SPINScientific Repor£012-2013
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Main Projects

Title

Acronym

Source of funding
Specific funding program
Project Coordinator
SPIN Coordinator

Other partners

Project results

Nanoscale
Structural
characterization

Molecular nanomagnets on metallic and magnetic surfaces for
applications in molecular spintronics

MIUR

FIRB Accordi di Programma
Universita di Firenze

Silvia Picozzi, SPIN AQ

Universita di Firenze

Universita di Modena e Reggio Emilia
Universita del Salento

CNR ISMN

TheProjectaddressesfrom both experimentaland theoretical sides,
radically new nanostructured materials for spintronics based on
hybrid organicinorganicarchitecturesand containingSingleMolecule
Magnets (SMMs)as active components Specifically,theProjectaims
at understandinghow an electric current driven through a SMM can
controlandsensethe largemolecularmagneticmoment

New phenomena in electronic magnetc

Nanoscale | T transport (MT) are expectedto arise, with a
Chemical - Morphol : H H
characterization’ [N Biicivoal potentially large impact in data storage and

manipulation technologiesChemical design
and synthesis target new SMMs to be
depositedon surfacesby either selfassembly
from solution or thermal evaporation SMMs
interacting  with ad-hoc prepared
ferromagnetic  (FM)  substrates are

Bulk

P o , Magnetic investigated by scanning probe and
Magnetic oFT \Q’ AA TR A A HHE characterization || gynchrotronbased techniques Attention is
Ehamcipatin. g LRttt ;_4sow.ﬁf.ai focused on the effect of the magnetic
T w 2 substrate on the structural, electronic and

Nanoscale
Modelling

Mﬁ:;;‘;flﬁf; magneticproperties of molecules,as well as
on the chemicaltailoring of such an effect.
Substratesinclude FM metals and alloys and
metal oxideslike manganitegLSMO)
Theoretical work aims at elucidating the microscopicinteraction
betweendepositedSMMsand the underlyingFM substrate,providing
support to all other activities SMMbased spintronic devices are
assembledandtheir MT propertiesmeasuredto revealthe role of the

SPINScientific Repor£012-2013
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Projects

Main Projects

Title

Acronym

Source of funding
Specific funding program
Project Coordinator
SPIN Coordinator

Other partners

Project results

Dielectrics
Ferroelectrics
(Titanates,...)

2DEG
Thermoelectrics
Proton conductors

Multiferroics
Oxide Spintronics

OXide Interfaces: emerging new properties, multifunctionality, and
DEvices for electronics and energy

OXIDE
MIUR

PRIN 2011
Universita di Napoli

Silvia Picozzi, SPIN AQ

Universita di Cagliari
Universita di Genova
' YADBSNEBAGL
' VADBSNEBAGL
Universita di Salerno

RA
RA

w2 Yl
w2 Yl

TheOXIDBproject plansto tackledifferent issuesof the interfacephysics
of complexoxidesbelongingto the perovskitefamily, with the double
aim of clarifyinga number of basicopen questionsand of exploringsome
of the most promisingapplicationprospectsthat resultfrom it.

In particular, the project intends to investigatein depth the following
three fundamentaltopicson the interfacialphenomena

(i)

(ii)

Novel High Tc
superconductors

Schematic diagram showing the functional interfaces studied within OXIDE.

electronic gases at interfaces formation
mechanismselectricaltransport properties,and
applicationsfor electronicsand thermo-electric
systems

magnetic properties at interfaces and spin
transport, fundamental mechanisms and
spintronic applicationsfor extremelylow-power
electronics

ionic conductionat interfaces,mechanismsand
properties, possible applicationsfor fuel cells
Foreachof thesetopics,we usea selectedset of
interfaces, studied with many different and
complementary techniques The project work
plan includesalso the realizationof a seriesof
devicesbasedon oxideheterostructures suchas
field-effect transistors, spin valves,
thermoelectric devices, and micro-fuel-cells,
usedas proof-of-principle demonstrationsof the
applicability of these technologiesand to begin
assessingheir real potential performances

SPINScientific Repor£012-2013
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Projects

Main Projects

Title

Acronym

Source of funding
Specific funding program
Project Coordinator
SPIN Coordinator

Other partners

Project objectives:

(1]

Orbital and spin order in cuprate and manganite heterostructures

MIUR
PRIN 2009
Giacomo Ghiringhelli, Politecnico di Milano

Marco Salluzzo, SPIN NA

The latest advancesin oxide thin film deposition and characterization
lead to the discoverythat an ¢electronic reconstructiorg, adding
unexpectedfunctionalities to oxide systems,may occur at atomically
sharpinterfacesbetweenmetal transition oxidesheterostructures
The recent breakthroughs have stimulated
many theoretical and experimental
investigationsof the electronic properties of
oxide heterostructures, with the ambitious
: goal to create novel functionalities In
\“«\ ; particular, many efforts around the world
\ were devoted to the study of
heterostructures based on Manganites,

RIXS Intensity [arb. units]

%%’ titanates and Cupratesepitaxial films, both
for fundamentaland applicativereasons

Within the PRINproject "Orbital and spin
order in cuprate and manganite
heterostructures”, we have engineered
o titanate/cuprate, manganite/titanate and

40 05 0

-1.0 -0.5 0
Energy Loss [eV]

Resonant Inelastic x-ray Scattering
revealschargeand spin excitationsin
cuprates a) andb) schematicof the
RIXSexperiment In the caseof 123
cuprates c) RIXSvs energy loss
spectra for differently doped
cuprates d) Energy dispersion of

magnonexcitationsobtainedfro RIXS

(opensquares)comparedto neutron
scatteringdata

i pane momentmar - “? manganite/cuprate heterostuctures
characterizedby very sharp interfaces and
individual layer thicknesscontrolled at the
levelof asingleunit cell.

Amongthe main achievementsf the project, we cite the observationof
interfacial ferromagnetic order in SrTiQ/Manganite heterostructures
[M. Salluzzoet al. Phys Rev Lett. 111, 087204 (2013.], of HighTc
superconductivity in  SrTiQ/CaCuQ artificial superlattices [D. Di
Castro,efal., Phys Rev B86, 134524(2012)], andthe finding of a Charge
Densitywave and of in cuprate thin films [G. Ghiringhelli,Science337,
821 (2012]. The results were obtained thanks to the combination of
advanceddepositionfacilities(includingMBE,PLDand Sputtering)and x-
ray spectroscopytechniquesusing synchrotronradiation at large scale
facilities(ESRFSLS)
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Projects

Main Projects

Title

Acronym

Source of funding
Specific funding program
Project Coordinator
SPIN Coordinator

Other partners

Project objectives:

X (mm)

TiC2 nanoparticlesby fs PLDfor
cataliticapplications

Oxides at the nanoscale: multifunctionality and applications
MIUR

FIRB Accordi di Programma

Universita di Milano Bicocca
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Oxidesat the nanoscaleoffer new and largelyunexploredopportunities
to establish novel advanced technologies or to improve existing
technologiesdasedon oxidematerials

Major barriers in the development of new applicationsand uses of

oxidesat the nanoscaleare: (i) the ability to synthesizenanoparticles,
nanostructures and ultrathin films with precisely controlled size,
compositionand shapein a way that is economicallyand ecologically
sustainable (i) the achievementbf an atomiclevelunderstandingof the

physical and chemical properties of the materials and (iii) the

development of advanced characterization tools so as
to fully exploit the potentialities of the field. The project aims at a
synergiceffort at three different levels

Thefirst synergyis the mergeof different expertise
to study multifunctional oxides relevant in

advanced technologies by connecting scientists
with diversebackground The secondsynergyis to

cover a broad range of materials shape and

dimensionality, going from clusters to

nanoparticles,from nanostructures to nanowires,
from nanotubesto ultrathin films.

Finally,the third synergyis related to the possibilityto cover aspects
which go from basicscience theoretical modeling,up to actual devices
and applications Theresearchactivitiesthat have beenidentified for a
cooperativeeffort canbe groupedinto four maintopics

- Nanostructured oxides for energy, environment and sensors (sub>

topics catalysisand photocatalysisfuel cells,sensors)

- Nanostructuredoxidesfor electronicsand hybrid photonics(sub-topic:

Lightemitting transistors transparentconductiveoxides)

- Nanostructured oxides for magnetism and spintronics (sub-topic:

Magnetichano-structures,tunnel barriers)

- Nanostructured oxides for drug development and platforms for

diagnosticgsubtopic: Drugdelivery,drugdevelopment,diagnostics)
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Strong vortex pinning in FegeTe, s epitaxial thin film

E. Bellingetj S. Kawale I. Pallecchj A. Gerbi, R. Buzif V. Braccidj A. PalenzorfaM. Pultti, M.
Adam@, E. Sarnefljand C. Ferdeghihi

1CNRSPIN, corso Perrone 24, 16152, Genova, Italy
2CNRICIB Via Campi Flegrei, -3@omprensorio "A.Olivetti" , Pozzuoli (NA) Italy

Applied Physics Letter 100, 082601 (2012)

In this work, we present critical current density Jc curvesof FeTg:Sg s thin films grown on
SrTiQ as a function of magneticfield, temperature and orientation between the applied field
andthe crystallineaxes We find Jcvaluesup to 4-10° A/cn? in selffield at T=AK and weakfield
dependence(fig.1). Differently from what expectedfrom the intrinsic massanisotropy of the
materialand from previousmeasurementof films depositedon other substrateq'], the critical
currentislargerwhenthe magneticfield is appliedparallelto the c axisat all temperatures
Boththe analysif the activationenergyfor vortex motion U, and of the angulardependenceof
Jcindicatethe presenceof strongcorrelatedpinningfor appliedfield parallelto the c axis STM
images(fig.2) suggestthat evenlydistributed nanoscaledislocationsformed during the growth,
possiblyinducedby the lattice mismatchwith the substrate,may be identified asthe effective
pinningcenters

More generally,in this work and in previouspublications,we showedhow it is possibleto tune
the propertiesof FeTg:Sg s thin films enhancingits T, up to 21 K[?], its upper critical field to
more than 55T with low anisotropy[®] and its critical current density in-field dependence by
introducing strong correlated pinning centers Suchresults, together with the fact that the 11
phaseis quite simpleto form and hasa more handychemistryascomparedto other iron-bases
superconductingamilies,makeFeTg;Seg s appealingandsuitablefor applications

Figure 2.

High density of
randomly distributed
nanorods ,
originating from the
lattice mismatch
with the SrTiQ
substrate. These
defects have a
diameter of 2 nm,
which matches very
well the coherence

length.
Figure 1. g

Jc as a function of field for H // ¢ (open symbols)
and H" c (filled symbols).
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