
Superconductividad en el MgB2: 

a 20 años del descubrimiento

Romeo de Coss
Departamento de Física Aplicada

Cinvestav-Mérida, México

V Escuela de Superconductividad
México, 27 noviembre 2021

Funding: Conacyt-México 
Grant No. 83604

Cinvestav
60 years



Contenido

1. Introduction: some historical facts.

2. Superconducting Materials

● Conventional: BCS

● Unconventional: exotic

3. Superconductivity in MgB2

● High-Tc with e-ph coupling.

● Two-gaps superconductivity.

3. Perspectives and Challenges.

● Applications of MgB2.

● New materiales based on MgB2.

4.



Descubrimiento de la superconductividad (1911)

Resistencia eléctrica nula!!!
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En 1911 Kamerling Onnes
descubre que a la temperatura
de 4.2 K el mercurio (Hg)
pierde su resistencia eléctrica,
a este fenómeno se denominó
superconductividad.

Un material superconductor es
mucho mas que un conductor
perfecto.



Brecha superconductora y Effecto Meissner



BCS Theory: electron-phonon interaction (1957)

BCS: Bardeen, Cooper and Schrieffer

The first widely-accepted theoretical 
understanding of superconductivity was 
advanced in 1957 by American physicists John 
Bardeen, Leon Cooper, and John Schrieffer 
(above). Their Theories of Superconductivity
became know as the BCS Theory.



The Nobel Prize in Physics 1972
John Bardeen, Leon N. Cooper, Robert Schrieffer

https://www.nobelprize.org



John Bardeen - Nobel Lecture 1972

….

https://www.nobelprize.org/nobel_prizes/physics/laureates/1972/bardeen-lecture.html



Introduction: superconducting materials and Tc



Introduction: Classes of Superconductors

1. BCS or Conventional: Electron pairing 
induced by electron-phonon interactions. 
Experiments explained. 

Materials: conventional metals, C60, 
some organics, doped semiconductors, 
MgB2, hydrides ….

2. Exotic or Unconventional: Many theories 
on the electron pairing, but no concensus 
on the mechanism. 

Materials: cooper oxides, heavy fermion 
metals, some organics, dicalcogenides, 
(Fe,Ni) oxypnictides, FeSe, ….

M.L. Cohen, “BCS: 50 years” (World Scientific, 2010), pag. 375.



Descrubrimiento de SC en el MgB2

Crystal Structure of MgB2

Space group P6/mmm (no. 191)

AlB2 (omega phase)

Nature 40, 63 (1 march 2001).
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MgB2: magnesium diboride

The compound MgB2 has been kown since 1953 !!!



Samples: crystals of Al and C-doped MgB2

S. Lee et al., 

Cond-mat/ 0305485 (2003).

Mg1-xAlxB2 MgB2-xCx

J. Karpinski et al., 

Cond-mat/ 0304658 (2003).



MgB2: electronic and vibrational properties



MgB2: enlace químico
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MgB2: estructura electrónica

L. Kortus et al. Phys. Rev. Lett. 86, 4656 (2001).
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Band structure and Fermi surface of MgB2 (FP-LAPW)



MgB2: propiedades vibracionales

Estructura de bandas fonónicas calculadas: pseudopotenciales.

T. Yildirim et al., Phys. Rev. Lett. 87, 37001 (2001).

E2g

Planos de boro



MgB2: modos vibracionales

B1gE2g

E1u A2u



MgB2: acoplamiento e-ph

Acoplamiento del modo E2g con las bandas px-py

T. Yildirim et al., Phys. Rev. Lett. 87, 37001 (2001).
Home Page: http://www.ncnr.nist.gov/staff/taner/mgb2/

Modo E2g



MgB2: dos brechas superconductoras!!!

Banda 

Banda 

P.C. Canfield and G.W. Crabtree. Physics Today 56, 34 (2003).



Our contributions: MgB2 superconducting alloys

✓ MgB2 doped with Al and C: We found that Al- and C-doping reduce 
drastically the DOS at the Fermi level and induce a strong phonon 
renormalization, producing a drop of Tc. In particular, we predict the loss 
of superconductivity for x(Al)=0.56, which was confirmed by experiments.

• Physical Review B 66, 012511 (2002).

• Physical Review B 79, 134523 (2009).

• Physical Review B 81, 054519 (2010).

• Physical Review B 82, 224508 (2010).

• Physics Proceedia 36, 479 (2012).
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M.L. Cohen, Science 234, 549 (1986)

Función isotrópica de Eliashberg

Ancho de línea del fonón

Fórmula de Allen-Dynes:

donde

q : frec. del modo fonónico (q)

N(0) : DOS al nivel de Fermi

 : constante de acoplamiento

log : frec. efectiva promedio

* : inter. elec-elec apantallada





Fermi surface evolution of doped MgB2



Fermi surface and Tc in doped MgB2









Familias de compuestos superconductores

O. Isayev et al., Chem. Mater. 27, 735 (2015)

http://www.aflowlib.org/



Aplicaciones de la superconductividad



Cables superconductores de MgB2



Aplicaciones del MgB2



ARPS experiments on monolayers of MgB2

Scientific Reports
7, 14458 (2017)



Prediction of multigap SC in M-MgB2



Prediction of HTC in Hydrogenated M-MgB2



Prediction of superconductivity in M-MgB2



Thank you for your attention


