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| Molecular beam epitaxy
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| Molecular beam epitaxy

A high quality Bi,Se, film and its RHEED oscillation
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Scanning Tunneling Microscopy
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| MBE + STM +

Design and construct materials at atomic scale

 Control the orientation of
MBE-grown films

 (Construct novel interfaces
(doping, proximity...)

 Tune the chemical pressure
of the lattice




Control the orientation of MBE-grown films




I Control the orientation of MBE-grown films

SC and AFM Phase separation in K,Fe, ,Se,
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I Control the orientation of MBE-grown films

Relationship between SC and AFM in K,Fe, Se,(001)
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I Control the orientation of MBE-grown films

Symbiotic relationship between SC and AFM in K,Fe,.Se,
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Construct novel interfaces




I Construct novel interfaces

Interfacial enhancement of superconductivity
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I Construct novel interfaces

Superconductivity enhancement in bi-layer Ga fluid
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| MBE + STM +

Design and construct materials at atomic scale

 Tune the chemical pressure
of the lattice |
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Il Superconductivity enhancement in 1 UC FeSe/STO
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Il Superconductivity enhancement in 1 UC FeSe/STO

Suppression of superconductivity in

multilayer FeSe film?
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| Nematicity in Fe-based superconductors

Phase diagram and lattice symmetry

Temperature

Doping

Nature Physics 5, 555 (2009),; Science 327, 181 (2010) ;Science 329, 824 (2010)...



| Nematicity in Fe-based superconductors

Static unidirectional electronic Resistivity anisotropy in
nanostructures in Ca(Fe;,Co,),As, Ba(Fe,xCo,).As;
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Il Nematicity in Fe-based superconductors

Orbital anisotropy in Ba(Fe,,Co,),As,
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| FeSe film vs. FeSe single crystal

FeSe single crystal Multilayer FeSe/STO
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« Suppression of superconductivity in multilayer FeSe film?

« Other competing phases/orders?
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] Magnetism in FeSe

Absence of long-range AFM order at ambient pressure

At negative pressure?

A competing order?
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Stripes in FeSe




i Stripes in FeSe

 Maze-like C, domain walls

« Impurity induced stripes




i Stripes in FeSe

 Maze-like C, domain walls

« Impurity induced stripes

 Along Fe-Fe lattice, ~ 1.9 nm




i Stripes in FeSe

Bias voltage-dependence of the stripes

30 meV

* Periodicity is unchanged: Static?

 Phase can change by 180°

Impurity |




i Stripes in FeSe

Bias voltage-dependence of the stripes

30 me\ 130 me) =30 me) =180me)

* Periodicity is unchanged: Static?
 Phase can change by 180°

* Not impurity states, quasiparticle inferences?

Impurity |l




i Charge ordering origin of the stripes

-~
s

150 med

30 meh

40 meV 360 meh

1

<
*

M) me\ SO0 me\

» Stripes: Static and non-dispersive, the competing order?
« QPI: Energy-dependent, d,, hole-like band



i Charge ordering origin of the stripes

dl/dV maps in the vicinity of defects
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Nematicity and charge

ordering




IV Nematicity and charge ordering

The effects of temperature on stripes and nematicity

10 nm

 Nematic transition at 120 K
« Charge ordering develops around 60 K~ 77 K
« Stripes is not sensitive to temperature once formed




IV Nematicity and charge ordering

Stripes
Nematicity: ¢  Develops beneath nematicity
+CO i 4
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IV Nematicity and charge ordering

0

At negative pressuré

(50
w.f'

A stripy-AFM order
<

0.0 0.5 10 LS 20 25
p(GPa)

« Competing AFM order under tensile strain
« No AFM at ambient pressure

« Competing order with SC



IV Role of the defects

Stripes develops at the strong limit of nematicity

» Defects further enhance the
anisotropy

« Obvious distortion of the impurity
state due to interaction with CO

 The distortion is absence in bulk
FeSe and FeSe/STO at high
temperature
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Vv Summary and perspective

" Stripes in FeSe/STO

Developed at the strong limit of nematicity
Ground state of nematicity

Originating from a new emergent SDW
Developed under negative pressure

Competing with superconductivity

Tune the strength of nematicity to induce CO?

1UC FeSe/STO?
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