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INFLUENCE OF A SYMMETRY-BREAKING STRAIN FIELD

ON PHASE TRANSITIONS - FeSe

= Application of strain is one of the effective ways to engineer the various properties
of materials. Iron-based superconductors are suitable materials to study the strain
dependence of physical properties because their high sensitivity to variations in the
local crystal structure.

= Among iron-based superconductors, FeSe is prominent example of the interplay
between superconductivity, magnetism, and electronic nematicity, which can be
tuned both by chemical substitution and application of physical pressure.

F-C Hsu, PNAS,2008

Nematicity and Superconductivityin Fese ™ Their electronic structures consist of multiple iron 3d orbitals, thus
giving rise to a variety of antiferroic and ferroic ordering
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HOW TO STRAIN SINGLE CRYSTAL?
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During epitaxial growth, an epilayer monocrystalline material is grown on
top of a substrate monocrystalline material. The periodicity of the
substrate material provides a template for the epilayer material, but due to
varying lattice parameters between the two materials, residual misfit strain
is formed in the epilayer following coherent growth.

Piezoelectricity-
based devices

extension
piezoelectric

bridge

The piezoelectricity-based devices for applying continuously tunable
uniaxial strain have been made and successfully used in combination with
different experimental techniques, in a wide temperature range, including
cryogenic temperatures. The apparatus is compact and compatible with a
wide variety of experimental probes.

C. W. Hicks et al. Rev. Sci. Instrum. 85, 065003 (2044}

Thin films and
2D materials

Elastic substrate ((PMMA),polyethylene terephthalate (PET),polyethylene naphtalate (PEN),
polycarbonate (PC)

Local strain gradient (AFM tip, bubbles, nanopillars, wrinkles...)
Compressive pressure (diamond anvil cell)

Thermal expansion between substrate and supported material.


https://aip.scitation.org/doi/10.1063/1.4881611

APPLICATION OF STRAIN

= Nematic order in the iron-based superconductors is closely tied to a lattice
distortion and a structural transition. Applying stress in proper symmetry
channels allows one to tune the nematic phase transition.The strong sensitivity
to antisymmetric strain is a consequence of the anisotropic nature of the
magnetic excitation spectrum.

% For the symmetry channel B2g, it is found a strong

suppression of the nematic transition temperature
occurs.
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7 “ The degeneracy-lifting Blg strain is expected to
Ea, =3(Eseteyy) ep, =Hew—eyy) o5, =Hewteye) act as an effective source field, replacing the
(crystallographic axes | Symmetry sector | nematic transition by a smooth crossover. In
e.=(100),e,=(010) | ea,, € Bay €81, contrast, the symmetry-conserving strains of Alg
e:=(110), ey =CHO)| eary [ emry | €y and B2g types preserve the transition and merely

yield a shift in the transition temperature.

The channels Alg and B2g preserve the nematic axes
(black), the Blg strain acts as a conjugate field, lifting the
nematic degeneracy.



FESE UNDER STRAIN
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EXPERIMENTAL SETUP - STRAINED FESC

moveable sample
plate

In order to perform inelastic
light scattering studies and
scanning  probe  microscopy
based experiments of samples

piezo stacks bridge
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under uniaxial strain, within
Strained FeSC  project we
designed, developed and
fabricated a piezoelectric-based
device.

A

electrical amplifier (b) strain gauge

[171 €. W. Hicks et al. “Piezoelectric-based apparatus for strain tuning”, Rev. Sci. Instrum. 85, 065003 (2014)
[2] ). Schmidt et al. Nematicity in the superconducting mixed state of strain detwinned underdoped Ba(Fel—xCox)2As2 , Phys. Rev. B 99,

064515 (2019)
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DFT CALCULATIONS
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No relaxation!

The Se position, above the Fe plane, significantly shorter for the relaxed structure, for almost 10%
as compared with the experimental one. It is found that electronic band structure, DOS

and Fermi surface are found to be strongly dependent on the value of the height of Se atoms above
Fe layers (J. Kumar et al. Supercond. Sci. Technol. 25, 095002 (2012)).

We use the experimental parameters and the volume cell of the unit cell is conserved under applied
uniaxial strain (as in M. Ghini et al. Phys. Rev. B 103,205139 (2021))



DFT CALCULATIONS

EXPERIMENTAL
A, = 180.71
B,, = 204.44

CALCULATED
A, =190.5
B,, = 226.1

The Alg and B1g modes come
from the vibrations of Se atoms
along the c axis and the vibrations
of Fe atoms along the c axis,
respectively
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DFT CALCULATIONS
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