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We have not yet succeeded
Introductionand Background | in making amorphous and
_ _ superconducting Bi-Sb
Experimentatechnigues material

Experimentalesults(up to now) I |
Ongoingexperiments

Conclusiorand Outlook
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Introductionand Background
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Why BI-Sbmaterials?

Bi and Bi-Sb alloys: interesting materials per se

- pure bismuth is the strongest diamagnetic material,
It Is semimetallic, and the liquid state is denser
than the solid (crystal)

Promising thermoelectric materials
- promising thermoelectric figure of merit:

QY YRy

Potential amorphous topological superconductors
- In amorphous state Bi and Bi-Sb alloys are
superconductors with T, > 6 K !
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Amorphous
Topological @
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Introductionand Background Topologicallnsulators

Quest for amorphous superconductors of{Bb X

QUANTUM MATERIALS
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Introductionand Background AmorphousTopologicalMatter
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TopologicalSuperconductors

Experimentapathwaysto search
for topologicalsuperconductors

Discoveringntrinsic topological
superconductorgveryrare!)
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InducingSuperconductivityn materials
with nontrivial bandtopology
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Majorana qubits
for topological
guantum computing

e | [PHYysicSToday 73, 6, 44 (2020) ]

Researchers are trying to store robust
quantum information in Majorana
particles and are generating quantum
gates by exploiting the bizarre
non-abelian statistics of Majorana zero
modes bound to topological defects.

n i Superconductor B Tunnel gate Super gate

— Semiconductor

Tunnel gate Super gate

FIGURE 1. (a) THE NANOWIRE PROPOSAL: takes a nanowire of

a semiconductor, such as indium arsenide or indium antimonide,

that has strong spin-orbit coupling and places it in contact with an

s-wave superconductor, such as aluminum, in the presence of an

external magnetic field B. As in the original model for one-dimensional

p-wave superconductors,’ the nanowire device experiences a topological
nontrivial phase with exponentially decaying Majorana bound states, denoted y,, at both ends of the nanowire. (b) An actual device from Delft
University of Technology includes various metallic gates for tuning it to the topological phase by adjusting the nanowire’s chemical potential.

(Panel a adapted from ref. 3, R. M. Lutchyn, J. D. Sau, S. Das Sarma; panel b adapted from H. Zhang et al., Nature 556 74, 2018.)
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! Amorphizationof Bi, , ,Sh, films:

Intrinsic Topologicalsuperconductor®

TOPOLOGICAL INSULAT.OBSologicamaterialsare insulatingin the bulk but

conductan electricalcurrenton the surfaceor edges
* Oneof the first examplesof experimentallyobservedTopologicalnsulators

Bl oxSB (7 <x < 22)

TOPOLOGICAL SUPERCONDUCTKMYBavea superconductingenergy
gapinsteadof aninsulatinggap.Theyare expectedio a K 2 &
modeg verypromisingfor QUANTUM COMPUTING

* Blyg,Sh alloysare superconductingonly in amorphousstatel

V' d

Y CHALLENGEoamorphizeBi;y,,Sh
crystalsor films by ion irradiation

Gate®2 NI Y I

A topological Dirac insulator in a quantum spin Hall

phase
D. Hsieh', D. Qian’, L. Wray', Y. Xia', Y. 5. Hor?, R. J. Cava® & M. Z. Hasan'"

Vol 452|24 April 2008 |doi:10.1038 /nature 06843

k-Pak.20j-L=&

Ey (arhitrary units)
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Introductionand Background Amorphizationof Bi, , .Sh,

Questfor amorphoussuperconductor®fBH 0 X Zeitschrift fur Physik, Bd. 146, 5. 27—38 (19560

Supraleitung und elektrischer Widerstand
. B" ' "" ;‘ T T T T T e neuartiger Zinn-Wismut-Legierungen
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Introductionand Background Amorphizationof Bi, , .Sh,

IOP Publishing Superconductor Science and Technology
Supercond. Sci. Technol. 30 (2017) 015013 (3pp) doi:10.1088,/0953-2048,/30,/1/ 015013

Superconductivity in the amorphous phase

Questfor amorphoussuperconductor®f BH{ 0

of topological insulator Bi,Sbgo_x alloys
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Figure 3. Resistance of (a) BigsShy s and (b) BigShy films. A superconducting ransition in the amorphous state and after erystallizafion is
visible. The erystalline phase was obtained after annealing the sample up o T = 60 K.
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V 4

Y CHALLENGToamorphizeBi,,,,Sh
polycrystallinesamplesby ion-beamirradiation
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Experimentallechniques by thermal evaporation

Questfor amorphoussuperconductor®fBH 0 X
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Experimentallechniques Structuraland morphological

Questfor amorphoussuperconductor®fBH 0 X
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Experimentallechnigues Growth by melt spinning

Questfor amorphoussuperconductor®fBH 0 X
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Experimentallechnigues
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Resistivity, mQ-cm

" onectores

H

! | 2" 0.50
eater thermometer
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[P <10 mbar

i . . Silver paint
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.75
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1.251
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0.75 1
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—— Cooling
Heating

—— Cooling
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50 100 150 200 250
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[Andrino-Gomezet al,,
LowTemp Phys 50, 389 (2024)]

UAM

S,

o

’V“*r o)
5".‘& S FACULTAD
®® DE CIENCIAS

300



Experimentallechnigues

Questfor amorphoussuperconductor®fBH 0 X

>

= Center for MicreAnalysis of Materials
(@ UAM)

To I

Twolon sources

DuoplasmatronH, He \

Sputtering Solid targets,
manybeamspecieaused
& molecularbeams

Unigueenergyrangein lberian
peninsula

Highstability (ripple below 10 °)

lon beamaccelerator

o Bt VF(1+g)e - Energy: 10s of MeV

E (MeV)=1.VE E (MeV)q-VTe g= charge state

A . A -
- N7 N

Voltaje

e terminal

i

o
’. FACULTAD

. DE CIENCIAS



Experimentallechniques lon beamaccelerator

Questfor amorphoussuperconductor®fBH 0 X

NUCLEAR PHYSICS
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Experimentallechnigues

Questfor amorphoussuperconductor®fBH 0 X
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I Experimentallechnigues lon beamaccelerator
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Experimentallechnigues
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Experimentallechniques Objectivesand working plan

Questfor amorphoussuperconductor®fBH 0 X

' Explorethe possibilityof obtaining(robusf) subsurfaceamorphous (Y superconducting
regionsin Bi and BEballoysby irradiationwith Swift heavyions

: Prepare pOchrySta”Ine Samp|e$f h = Energia (MeV) // Fluencia(x1012ionicm2) 4145
Bl oo SR (X = O 15) by different methods o 10 50 s
2 15 // 5.0 %
g0y 20 // 60 |13
' Irradiate~1 cn¥ samplesat CMAM D 8 | el
(mainlyby 10-40 MeV Bior | ions) s e 1 g
_g =420 §
I Characterizesampleseforeand after 5 110 2
Irradiation by: 1°
- SEM, EDX, XRiofilometry T S R
- electricalconductivity (2- 300 K)
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UAM g DE CIENCIAS




ExperimentaResultup to now) Filmsby thermal evaporation

Questfor amorphoussuperconductor®fBH 0 X

Il;(l)'l‘;vs-ll;:esm perature ARTICLE pubs.aip.org/aip/Itp

Low-temperature electrical conductivity
of ion-beam irradiated Bi-Sb films

- lrradiation
with Biions

Cite as: Fiz. Nizk. Temp. 50, 427-433 (May 2024); dloi: 10.1063/10.0025622 @ I-l-l @
Submitted: 26 March 2024 VowCrle  Expart Ciiaton
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8 mm

Electrodes

Bi 100—bex
~10 em - thick
crystalline films

x=0,5, 10,15

48 | 200kv | 13pA | TLD | SE |42mm 00 x | 12.7 ym | 2°¢ MN X a "
Insulator substrate U !'M ‘ "’.‘s FACULTAD

® DE CIENCIAS




ExperimentaResultqup to now) by thermal evaporation

Questfor amorphoussuperconductor®fBH 0 X

4
’:.. FACULTAD
® DE CIENCIAS

UAM




ExperimentaResultqup to now)
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Intensity (a. u.)
1 I,u

Intensity (a. u.)

ExperimentaResultqup to now) by thermal evaporation
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. by thermal evaporation
ExperimentaResultup to now) J P
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. by thermal evaporation
ExperimentaResultup to now) J P

Questfor amorphoussuperconductor®f BH{ 6 X Electrical resistivity
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Resistivity (m\W-cm)

. by thermal evaporation
ExperimentaResultup to now) J P

Questfor amorphoussuperconductor®f BH{ 6 X Electrical resistivity
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ExperimentaResultqup to now)

Questfor amorphoussuperconductor®fBH 0 X

A Small-gap behaviour
following the Meyeri Neldel empirical rule,
even for expected semimetal pure Bi.

A increases with in
pure Bi samples but decreases in Bi-Sb
samples

A Sample highly

affects the electrical properties.

Low Temperature
Physics

ARTICLE pubs.aip.org/aip/itp

Low-temperature electrical conductivity
of ion-beam irradiated Bi-Sb films

Cite as: Fiz. Nizk. Temp. 50, 427-433 (May 2024): doi: 10.1063/10.0025622 ;f.:' ':: Iﬁ @
Submitted: 26 March 2024

A Andrino-Gomez. 7 [ M. Moratalla,'** ) A, Redondo-Cubero,”* ) N, Gordille,”“ U and M, A, Rames' >
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ExperimentaResultgup to now) by melt spinning

Questfor amorphoussuperconductor®fBH 0 X

~10-40 em - thick
crystalline ribbons
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ExperimentaResultup to now) Exhaustivestudy with different

Questfor amorphoussuperconductor®f BH 6 X methodsof Samplepreparation
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ExperimentaResultqup to now)

Questfor amorphoussuperconductor®fBH 0 X
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Exhaustivestudy with different
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ExperimentaResultup to now) Exhaustivestudy with different
Questfor amorphoussuperconductor®f BH 6 X methodsof Samplepreparation
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