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Spoiler Alert: 
Wehavenot yet succeeded
in makingamorphousand 

superconductingBi-Sb 
material  
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Why Bi-Sb materials?

¦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: 
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¦Potential amorphous topological superconductors

­ In amorphous state Bi and Bi-Sb alloys are

superconductors with Tc > 6 K !
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Amorphous

Topological

Superconductors
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TopologicalInsulators

[Rodríguez-Vega, Vergnioryand Fiete, 
PhysicsToday2022]
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AmorphousTopologicalMatter

crystal amorphous

[September2022]
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TopologicalSuperconductors

Experimental pathwaysto search
for topologicalsuperconductors:

Discoveringintrinsic topological
superconductors(veryrare!)

InducingSuperconductivityin materials
with nontrivialband topology
(topologicalinsulators, semimetalsΧύΥ

¦ Pressure
¦ Doping
¦ Proximityeffect
¦ Χ
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TopologicalSuperconductors

[PhysicsToday, 73, 6, 44 (2020) ]
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¦Amorphizationof BiмллҍxSbx films:
IntrinsicTopologicalsuperconductors?

TOPOLOGICAL INSULATORS: Topologicalmaterialsare insulatingin the bulkbut
conductanelectricalcurrenton the surfaceor edges.

* Oneof the first examplesof experimentallyobservedTopologicalInsulators:

Bi100-xSbx (7 < x < 22)

TOPOLOGICAL SUPERCONDUCTORS: Theyhavea superconductingenergy
gap insteadof an insulatinggap. Theyare expectedtoǎƘƻǿ άaŀƧƻǊŀƴŀ zero
modesέΣ verypromisingfor QUANTUM COMPUTING:

* Bi100-xSbx alloysare superconductingonly in amorphousstate!  

Ý CHALLENGE: ToamorphizeBi100-xSbx

crystalsor films by ion irradiation
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Amorphizationof BiмллҍxSbx

semimetallic

semiconducting
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Amorphizationof BiмллҍxSbx
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Ý CHALLENGE: ToamorphizeBi100-xSbx

polycrystallinesamplesby ion-beamirradiation
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Growth by thermal evaporation

High purity Bi/Sb 
(99.995 %)

1
 m

m

8 mm

­Tryingdifferent substrates, 
evaporationprocedures, etc.
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Insulator substrate

8 mm

1 mm

BiɬSb

Sapphire

Electrodes

6 mm

Au

Bi 100-xSbx

~10 ɛm - thick

crystalline films

x = 0, 5, 10, 15

Characterization by:

ÁProfilometry
ÁScanning Electron 

Microscopy (SEM) + EDX
ÁX-ray diffraction

Structuraland morphological
characterization
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Growth by melt spinning

Vicente Madurga
Cristina Favieres
José Vergara

Bi-Sb

pure Bi
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Carbon

thermometerHeater

Samples

¶ 4IŜ ŎǊȅƻǎǘŀǘ όǿƛǘƘ ŀ άмY Ǉƻǘέύ

¶ T ~ 2 K - 300 K

¶ P <10-7 mbar

¶ 4-point resistance measurements

Low-temperature electricalresistivity

[Andrino-Gómez et al., 
Low Temp. Phys. 50, 389 (2024)]
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Emax=Eext+VT·(1+q)·e

E1 (MeV)=1·VT·e E2 (MeV)=q·VT·e q= charge state

Eext =Vext·1·e

Ion sources

Å Uniqueenergyrangein Iberian
peninsula

Å High stability(ripplebelow10-5)

Twoion sources:

Å Duoplasmatron: H, He

Å Sputtering: Solid targets, 
manybeamspeciesused
& molecular beams

5 MV tandem-type electrostaticAccelerator

= Center for Micro-Analysis of Materials
  (@ UAM)

Ion beamaccelerator

­ Energy: 10́s of MeV
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Ion beamaccelerator



Experimental Techniques
Questfor amorphoussuperconductorsof Bi-{ō Χ

Ion beamaccelerator

IMPLANTATION LINE
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Ion beamaccelerator

Ion Beam Analysis (IBA)

Ion Beam Modification of Materials (IBMM)
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Ion beamaccelerator

Ion Beam Analysis (IBA)

Ion Beam Modification of Materials (IBMM)

ÅElectronic and nuclear stoppingforce

[­ SRIM simulations] *

ÅNon-trivial variationvs. depth (Bragg peak), mm scale

ÅAreaaffectedby single ion has nm lateral dimensions

ÅChoosespecies, energy, fluence, doserate

35 MeV [Br+] / diamond
*http://www.srim.org/

http://www.srim.org/
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Objectivesand working plan

¦ Explore the possibilityof obtaining(robust) subsurfaceamorphous (Ý superconducting)
regionsin Bi and Bi-Sb alloysby irradiationwith Swift heavy ions

¦ Prepare (polycrystalline) samplesof
Bi100-xSbx (x = 0-15) by different methods

¦ Irradiate~1 cm2 samplesat CMAM  
(mainlyby 10-40 MeV Bi or I ions)

¦ Characterizesamplesbeforeand after 
irradiationby:
- SEM, EDX, XRD, profilometry
- electricalconductivity (2-300 K) 

Bi
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Filmsby thermal evaporation

Bi 100-xSbx

~10 ɛm - thick

crystalline films

x = 0, 5, 10, 15

top view

crosssection

­ Irradiation
with Bi ions
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Filmsby thermal evaporation
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Filmsby thermal evaporation

¦ Irradiationof evaporatedfilmswith 10-30MeV Bi self-ions
¦ Nominal40%atomic vacanciesin the rangeº1-3mm

Bi Bi 90Sb10
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Filmsby thermal evaporation

X-ray diffraction
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Filmsby thermal evaporation

Electrical resistivity

Heater
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Filmsby thermal evaporation
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[A. Nikolaeva et al. 2019]
1, 2, 3: foils.

4, 5: wires.
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Filmsby thermal evaporation
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Nanowires: 

t = 40 nm

[S. Tang and M. S. Dresselhaus 2014]

Electrical resistivity
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Filmsby thermal evaporation

Meyer-Neldel (1937) Rule: „ Ὁ
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Filmsby thermal evaporation

ÅSmall-gap semiconducting behaviour

following the MeyerïNeldel empirical rule,

even for expected semimetal pure Bi.

ÅResistivity  increases  with irradiation  in 

pure Bi  samples but decreases  in Bi-Sb 

samples 

ÅSample method  of  preparation  highly 

affects  the electrical properties.
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Ribbonsby melt spinning

Bi-Sb

pure Bi

Bi 100-xSbx

~10-40 ɛm - thick

crystalline ribbons

x = 0, 5, 10, 15
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Exhaustive studywith different
methodsof samplepreparation

¦ Irradiationof Bi-Sbsamples
with 10-30MeV Bi self-ions

¦ Nominal 40% atomic vacanciesin
the rangeº1-3mm

¦Co-evaporationof purematerials
¦ Thermalevaporationof Goodfellow

stoichiometricalloys
¦ Melt spinningmethod
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SEM
(Electronic microscopy)
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Exhaustive studywith different
methodsof samplepreparation

Bi 90Sb10
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Exhaustive studywith different
methodsof samplepreparation

Bi 90Sb10


