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McMillan,	
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  Rev.	
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  16,	
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  (1977)	
  	
  

~ 40 K 

Conventional superconductivity：BCS theory 

Electrons form cooper pairs mediated by phonon. �

Metal:	
  	
  metallic,	
  but	
  low	
  Debye	
  ΘD	
  

Ceramic	
  :	
  	
  high	
  Debye	
  ΘD,	
  but	
  insulaYng	
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Antiferromagnetism, charge-density waves, spin-density waves, nematic 
correlations, orbital currents, or a combination�

High temperature superconductivity  
                     - Unconventional superconductivity 

What is the mediator of Cooper pairing? 
Phonon 
Spin fluctuation 
……�



     BSCCO                                         LaOFFeAs                                           FeSe 
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  High	
  temperature	
  superconducYvity	
  



ü  attraction takes place between electrons in the layer of metal near to the surface, 
while repulsion prevails in the volume.  

 The interaction varies near the surface, due to the exchange by surface phonons, 
variation of screening, etc.  

 
ü  surface superconductivity is connected with the transition into the superconducting 
state of electrons in surface states  

           non-metallic in the volume + partially filled surface band → surface metal �

On surface superconductivity 
V.L. Ginzburg, PHYSICS LETTERS, 1964 �

	
  Interface	
  superconducYvity	
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  Interface	
  superconducYvity	
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  0.38	
  →	
  0.5�

Al/Sn�

The e-p coupling at interface is enhanced due to the lowering of phonon frequencies. �

Enhanced	
  SuperconducYvity	
  in	
  Layered	
  Metallic	
  Films�
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  Interface	
  superconducYvity	
  

High mobility 2D electron gas at the interface�

semiconducting super-lattices �

Strain effect  
elastic deformation fields  
band inversion effect …�
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TC ~ 200 mK �

PbTe/PbS �

YbS/EuS �TC ~ 6 K �

PbS/PbSe�



metallic	
  and	
  insulaYng	
  copper	
  oxides	
   �

Nature	
  455,	
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  (2008) �

M-S bilayers �

La2CuO4 
La1.55Sr0.45CuO4 �

	
  Interface	
  superconducYvity	
  

Nature 394, 453 (1998)  

LSCO/STO       
         tensile strain, Tc = 10 K 
LSCO /SLAO 
         compressive  strain, Tc = 49 K 
         carrier density increases  �
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  Interface	
  superconducYvity	
  

McMillan,	
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~ 40 K 

	
  	
  ceramic/dielec2c	
  

carriers �

ΘD �

λ � metal �

	
  	
  	
  	
  	
  	
  To	
  increase	
  Tc	
  under	
  BCS	
  e-­‐p	
  coupling	
  scheme	
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Molecular	
  Beam	
  Epitaxy	
  (MBE)	
  
(Arthur	
  &	
  Cho,	
  1975) 

Scanning	
  Tunneling	
  Microscope	
  (STM)	
  
(Binnig	
  &	
  Rohrer,	
  1981) 

Atomic-­‐Level�

Ek : kinetic energy 
hυ : photon energy 
W : work function �

Ek = hυ – W – E (k//) �

E(k//): band dispersion	


Angle-­‐Resolved	
  Photoemission	
  
Spectroscopy	
  (ARPES) 

+ �

I ∝ Vbexp(-AΦ1/2d) �

dI/dV ∝ ρ (DOS) �



MBE	
  +	
  LT	
  STM/STS	
  +	
  Transport	
  
STM/STS:	
  400	
  mK	
  
Magne2c	
  field:	
  	
  11	
  T	
  
Vacuum:	
  	
  5x10-­‐11	
  Torr	
  

MBE	
  

A precise control of growth flux 

STM	
  

 MBE 

LT-STS 

ARPES 

STEM 

Transport�



Conventional superconductors: Pb/Si, In/Si 

 

Unconventional superconductors: FeSe, FeSeTe, KFeSe 

                           Substrate: graphene & SrTiO3 

Ø  FeSe/graphene 

Ø  FeSe/STO 

Ø  FeTeSe/STO            

Ø  KFeSe/graphene 

Ø  KFeSe/STO 
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  Interface	
  superconducYvity	
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  in	
  preparaYon�



	
  Tc	
  =	
  3.18	
  K	
  
	
  (2Δ0/kBTc)	
  =	
  4.16	
  

Δ0=0.57 meV�In�

Si�

Zhang	
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  Nat.	
  Phys.	
  6,	
  104	
  (2010)�

Uchihashi:	
  	
  PRL	
  2011	
  
Hasegawa:	
  	
  PRL	
  2013�

Single	
  atomic-­‐layer	
  In	
  on	
  Si�



Bulk	
  Indium	
  
TC	
  =	
  3.18	
  K	
  
2Δ0/kBTc	
  =	
  4.16	
  

Zhang	
  et	
  al.,	
  Nat.	
  Phys.	
  6,	
  104	
  (2010)�

1ML	
  In/graphene �

TC	
  <	
  0.3	
  K	
  

10	
  Ymes	
  !	
  �

1ML	
  In	
  on	
  Si�
TC	
  =	
  3.4	
  K	
  
2Δ0/kBTc	
  =	
  3.6	
  

Single	
  atomic-­‐layer	
  In	
  on	
  Si�

λ~ 1, similar to that of bulk indium. 
superconducting near Tc =3.4 K of bulk In                                                                                                                   
Phys. Rev. Lett. 91, 246404 (2003). �



Uchihashi	
  et	
  al.,	
  Phys.	
  Rev.	
  Le@.	
  107,	
  207001	
  (2011)	
  	
  

SuperconducYvity	
  in	
  one-­‐atomic-­‐layer	
  In	
  
	
  In-­‐situ	
  transport	
  



SuperconducYvity	
  in	
  one-­‐atomic-­‐layer	
  Pb	
  

	
  Pb-­‐SIC:	
  	
  Tc	
  =	
  1.83K	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2Δ0/kBTc	
  =	
  4.4	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  λ	
  =	
  1.07	
  (ARPES)	
  

	
  

Pb-­‐√7×√3:	
  	
  	
  Tc	
  =	
  1.52	
  K	
  	
  

Pb-­‐bulk:	
  	
  λ	
  <	
  0.9�

Zhang	
  et	
  al.,	
  Nat.	
  Phys.	
  6,	
  104	
  (2010)	
  	
  

Pb-SIC on Si(111)  



Pb-SIC 

1.83K 

Nat. Phys. 6, 104 (2010) 

Pb / Si(111) : SIC �

8 x 8 nm2 

In / Si(111) : 

10 x 10 nm2 

37 ×

3.16K 

37 ×

Pb SIC� Pb bulk � In � In  bulk � In/graphene�

Tc 1.83 K 7.2 K 3.16 K 3.4 K < 0.3 K �

2Δ0 / kBTC 4.4 4.3 4.16 3.6 

λ 1.07 < 0.9 ~ 1 1 

37 ×

In 

SuperconducYvity	
  in	
  one-­‐atomic-­‐layer	
  Pb	
  &	
  In	
  

PRL 62, 2180 (1989)�

The thinnest superconductor 

 Interface enhanced�

6.73 �



FeSex	
  	
  	
  	
  	
  	
  	
  Fe(Se,Te)	
  	
  	
  	
  

FeSe	
  

Tc ~ 8.5 K (bulk) : Se-deficient phase 

Tc ~ 15 K by Te substitution : FeSe0.5Te0.5 

Tc ~ 37 K (8.9 GPa) : β-Fe1.01Se 

Hsu	
  et	
  al.,	
  Proc.	
  Natl.	
  Acad.	
  Soc.	
  USA	
  105,	
  14262(2008)	
  
	
  Khasanov	
  et	
  al.,	
  Phys.	
  Rev.	
  B	
  78,	
  220510R(2008)	
  

The	
  simplest	
  crystal	
  structure	
  
A	
  clean	
  superconducYng	
  phase	
  
Less	
  toxic	
  and	
  easier	
  to	
  handle�

	
  Se	
  layer	
  

	
  Se	
  layer	
  

	
  Fe	
  layer	
  
1	
  TL	
  

van	
  der	
  Waals-­‐type	
  
interac2on	
  between	
  
two	
  adjacent	
  TLs	
  

a = 0.378 nm 
c = 0.55 nm �



Ts = 450℃ 

Fe Se 

TSe = 138 ℃ TFe = 1080 ℃ 

0.25 ML/min �

SrTiO3(100)-­‐TiO2	
  terminated �
a = 3.905 nm, ε ~ 104 (LT)�

TFe > Tsub  > Tse 

 

Flux (Se/Fe) ~ 10 : 1 �

Molecular	
  beam	
  epitaxial	
  growth�

Graphene, van de Waals �

STM/ARPES: Nb-doped STO - conducting 
Transport: Intrinsic STO - insulating�

FeSe:0.378 
lattice mismatch: 1% �



Molecular	
  beam	
  epitaxial	
  growth�
FeSe on graphene: island 
       free standing 
 
 
 
 
FeSe on STO: film �

a = 0.38 nm �

a = 0.39 nm �

Domain 
boundary �

1 UC 

1 UC 

2 UC 
STO step�

graphene �

FeSe �



Nodes in the SC-gap 
function 

SuperconducYvity	
  	
  of	
  FeSe	
  on	
  graphene	
  

Intrinsic	
  to	
  the	
  stoichiometric	
  FeSe	
  	
  

STS	
  @	
  0.4	
  K,	
  30	
  UC	
  film	
  

V-shaped dI/dV 
linear dependence of the quasiparticle DOS 
on energy near EF 

Δ = 2.2 meV   �

Song et al., Science 332, 1410 (2011)  

2 x 2.2 
meV�



8 UC 

Tc(d) = Tc0(1-dc/d) 
 dc = 7Å (1.3 UC) 

5 UC 
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  Z
B
C

T emperature	
  (K ) Song	
  et	
  al.,	
  Phys.	
  Rev.	
  B	
  84,	
  020503	
  (2011)	
  

NO	
  SC	
  signature	
  for	
  1UC	
  FeSe	
  /graphene	
  
	
  (@	
  400	
  mK)	
  

TC=6.9 K � TC=7.8 K �

d ↑   Tc ↑ �



as	
  grown	
  1-­‐UC	
  FeSe	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  @450°C	
  for	
  2	
  h	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  @510°C	
  for	
  2	
  h �
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  A s -­‐g rown
	
  	
  A nnea led	
  @ 	
  450	
  °C 	
  for	
  2 	
  h

dI
/d
V
	
  (
a.
u.
)

B ia s 	
  (V )

FeSe	
  decomposed �

SC film: annealed@ 450-500 °C for ≥ 20 h � Zhang	
  et	
  al.,	
  Phys.	
  Rev.	
  B	
  89,	
  060506	
  (2014) �

FeSe	
  superconducIng �FeSe	
  semiconducIng �

Electron	
  
doping �

SuperconducYvity	
  of	
  1UC	
  FeSe	
  on	
  STO �



1UC	
  FeSe:	
  STM/STS	
  results�
annealing	
  @	
  450°C	
  for	
  20	
  h�

Gap:	
  15-­‐20	
  meV�
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Wang	
  et	
  al.,	
  Chin.	
  Phys.	
  Le@.	
  29,	
  037402(2012) � Zhang	
  et	
  al.,	
  Phys.	
  Rev.	
  B	
  89,	
  060506	
  (2014) �



dI
/d

V
 (a

.u
.) 

Bias (mV) 

2.7 nm 

~ 4.5 nm 

Coherence length: 2.7 nm �

500 nm × 500 nm 13.2 nm × 13.2 nm 

≥	
  2	
  UC	
  FeSe	
  films:	
  non-­‐superconducYng �

Wang	
  et	
  al.,	
  Chin.	
  Phys.	
  Le@.	
  29,	
  037402	
  (2012)	
  
Li	
  et	
  al.,	
  J.	
  Phys.:	
  Condens.	
  Ma@er	
  26,	
  265002	
  (2014)	
  

Why? 
insufficient carrier density �



Summary	
  of	
  STM/STS	
  results	
  

Song	
  et	
  al.,	
  Phys.	
  Rev.	
  B	
  84,	
  020503	
  (2011)	
  
Wang	
  et	
  al.,	
  Chin.	
  Phys.	
  Le@.	
  29,	
  037402	
  (2012)	
  

40	
  2mes	
  !	
   �
Interface	
  effect	
  !	
  �

1UC FeSe/STO� Bulk� 1UC FeSe/graphene �
U gap� V gap �

15-20 meV� 2.2 meV�
Tc	
  ~	
  80	
  K� Tc= 9.3 K� Tc < 2 K �



1	
  UC	
  FeSe:	
  Electronic	
  structure	
  (ARPES)	
  
65K �

Electron like Fermi surface at M          heavy electron doping 
No Fermi pocket at  Γ          Fermi pocket at  Γ is unnecessary for high Tc  
isotropic gap  +  circular shape of Fermi surface       �

Liu	
  et	
  al.,	
  Nat.	
  Commun.	
  3,	
  931	
  (2012)	
  
He	
  et	
  al.,	
  Nat.	
  Mater.	
  12,	
  605	
  (2013)	
  	
  Electron doping�



Comparison	
  of	
  ARPES	
  and	
  STS	
  results	
  

•  Isotropic gap                    “U” 

•  15-19 meV                        15-20 meV 

•  65± 5 K                            68 K 

ARPES	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  STS�

Signature of new record Tc in Fe-based superconductors! �



+	
  2-­‐uc	
  FeTe	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  +	
  10-­‐uc	
  FeTe�

1-­‐UC	
  FeSe	
  for	
  ex-­‐situ	
  transport	
  

Insula2ng	
  STO:	
  
HCl/BHF	
  etching	
  
980°C	
  for	
  10	
  h	
  under	
  O2	
  
600°C	
  for	
  3	
  h	
  in	
  UHV �

Zhang et al., Chin. Phys. Lett. 31, 017401 (2014)�

FeTe : protection layer �

FeTe 

1-UC FeSe  

STO�



sub-­‐UC	
  FeSe/STO	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  sub-­‐UC	
  FeTe/1UC	
  FeSe/STO �

1-uc  
FeSe 

1 -uc 
FeTe 

0.63nm 
●�

●�

1-uc  
FeSe 

0.55nm 

STO ●�

●�

Zhang et al., Chin. Phys. Lett. 31, 017401 (2014)�
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Zero	
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1-­‐UC	
  FeSe:	
  ex-­‐situ	
  transport	
  results	
  

Zhang et al., Chin. Phys. Lett. 31, 017401 (2014)�

Bulk FeSe:  ~8.5 K 

FeSe (Pressure):  ~36.7 K 



Meissner	
  effect �

1-­‐UC	
  FeSe:	
  ex-­‐situ	
  transport	
  results	
  

Zhang et al., Chin. Phys. Lett. 31, 017401 (2014)�
The	
  thinnest	
  superconductor	
  with	
  the	
  highest	
  Tc�



SuperconducYvity	
  of	
  1-­‐UC	
  FeSe	
  on	
  STO �

HC2∥(0) >> HC2⊥ (0)> 52 T�

Magneto measurement up to 52 T�

anisotropic → 2D �



SuperconducYvity	
  of	
  1-­‐UC	
  FeSe	
  on	
  STO �

0 T, below 12 K,  JC > 106 A/cm2 

16 T, below 8 K,  JC > 105 A/cm2 �
>>    bulk FeSe: JC~104 A/cm2 at 1.8 K �

d = 0.55 nm�



BKT	
  transiYon �

Halprin-Nelson formula 
R(T) = R0exp[-b(T/TBKT-1)-1/2 �

V~Iα �

TBKT ≈ Tzero�

TC,	
  transport	
  	
  <	
  TC,ARPES	
  (TC,	
  STS)	
  ?�

Tgap           >            Tc 
Cooper pair      coherent�



Josephson junctions and electrons scattering (domain walls and defects) 

S�

S�
I�

TC,	
  transport	
  	
  <	
  TC,ARPES	
  (TC,	
  STS)	
  ?�

Zhang et al., Chin. Phys. Lett. 31, 017401 (2014) 
Zhang et al., Phys. Rev. B 89, 060506 (2014) �
�
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In-­‐situ	
  transport �
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Phys. Rev. B 84, 020503(2011) �
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Single UC FeSe	
  on	
  TiO2�



Ding	
  et	
  al.,	
  unpublished	
  data�

SuperconducYvity	
  of	
  1-­‐UC	
  FeSe	
  on	
  TiO2�
Anatase TiO2 �

deposit Ti onto STO @ 750 °C �



SuperconducYvity	
  of	
  1-­‐UC	
  FeSe	
  on	
  TiO2�



SuperconducYvity	
  of	
  1-­‐UC	
  FeSe	
  on	
  TiO2�

17meV gap 

Vortex lattice 

interface enhanced superconductivity �



The origin of interface superconductivity 

Ø  strain 

Ø  charge transfer 

Ø  e-ph coupling �



Possible	
  mechanism:	
  strain?	
  �

STO:	
  a	
  =	
  0.3905	
  nm	
  

FeSe:	
  a	
  =	
  0.3765	
  nm	
  

tensile	
  strain � 1-­‐UC	
  FeSe/STO:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  3.91±0.02	
  Å,	
  Δ	
  ≈	
  20	
  meV	
  	
  

1-­‐UC	
  FeSe/STO/KTO:	
  	
  	
  	
  3.99±0.02	
  Å,	
  Tc	
  ≈	
  70	
  K	
  	
  

1-­‐UC	
  FeSe/TiO2/STO:	
  	
  	
  	
  3.80±0.02	
  Å,	
  Δ	
  ≈	
  19	
  meV �

D.	
  L.	
  Feng	
  Group	
  

Q.	
  K.	
  Xue	
  Group �

Chin.	
  Phys.	
  Le@.	
  29,	
  037402(2012)	
  
Phys.	
  Rev.	
  Le@.	
  112,	
  107001	
  (2014)	
  

Ding	
  et	
  al.,	
  unpublished	
  data�

Q.	
  K.	
  Xue	
  Group �

×�
bulk � 8.9GPa � 1 UC �

a � 0.3765� 0.357� 0.39�
c� 0.5518� 0.50� 0.55�
Tc� 12 K� 37 K� ? �

Nature Mater. 8, 630 (2009) �

compressive�
tensile �



Interface �

STO 
(O-deficiencies) 

FeSe 
(Se-Vacancies) 

e- �

J. Bang et al. Phys. Rev. B 87, 220503(R) (2013)�

Charge	
  doping	
  effect	
  

e2-�strong 
 binding �

Annealing: STS \ ARPES \ Transport 

Electric field effect 



    charge transfer �

Li	
  et	
  al.,	
  J.	
  Phys.:	
  Condens.	
  Ma@er	
  26,	
  265002	
  (2014)	
  

interface	
  charge	
  transfer	
  �
Annealing�



0.12e/Fe	
  atom	
  

Annealing�

Liu	
  et	
  al.,	
  Nat.	
  Commun.	
  3,	
  931	
  (2012);	
  	
  He	
  et	
  al.,	
  	
  Nat.	
  Mater.	
  12,	
  605	
  (2013);	
  	
  Zhang	
  et	
  al.,	
  Phys.	
  Rev.	
  B	
  89,	
  060506	
  (2014)	
  

interface	
  charge	
  transfer	
  �



Zhang	
  et	
  al.,	
  Phys.	
  Rev.	
  B	
  89,	
  060506	
  (2014) �

interface	
  charge	
  transfer	
  �

The longer the annealing time is, the higher the temperature of the n-p transition is. �



Vg �

Field Effect  n ↑� Gap & Tc 
↑�

Zhang	
  et	
  al.,	
  Phys.	
  Rev.	
  B	
  89,	
  060506	
  (2014) �

Tc:	
  	
  26.5	
  K	
  to	
  34	
  K�
PosiYve	
  bias:	
  	
  inject	
  electrons,	
  Tc �
NegaYve	
  bias:	
  pump	
  out	
  electrons,	
  Tc �

interface	
  charge	
  transfer	
  �



As-grown FeSe 

(Semiconducting) �
Annealed FeSe 

(Superconducting) �
Annealing�

STM/STS 

Strong bond 
Ordered chemical bond �

TC ↑   △  
↑�

ARPES�
electron doping 

carrier density increasing�

Hall/Gate �
Electron carriers 

dominate to enhance TC �

STO 
(O-deficiencies) 

FeSe e- �

2DEG�

From oxygen vacancy induced states To FeSe �
Donglai	
  Feng	
  Group:	
  Nat.	
  Mater.	
  12,	
  634	
  (2013)	
   �

interface	
  charge	
  transfer	
  �



The	
  Coupling	
  between	
  FeSe	
  electron	
  and	
  STO	
  phonon	
  strengthens	
  Cooper	
  pairing.	
  

interface	
  enhanced	
  e-­‐p	
  coupling	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Phonon	
  band	
  of	
  STO	
  	
  

Effec2ve	
  phonon-­‐mediated	
  adrac2on	
  strength	
  ：νeff	
  ≈	
  10	
  meV	
  	
  	
  

replica bands: in 1-uc FeSe films only, persist to >Tgap �

FeSe-­‐bulk	
  	
  	
  	
  	
  	
  	
  	
  Vs.	
  	
  	
  	
  	
  	
  1	
  UC	
  FeSe/STO	
  
	
  λ	
  ≈	
  0.16	
   � λ	
  ≈	
  0.5	
  (ARPES)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Zhixun	
  Shen	
  Group:	
  Nature	
  515,	
  245(2014)	
  

λ	
  ≈	
  0.48	
  (Ultrafast	
  spectroscopy)	
  	
  	
  Jimin	
  Zhao	
  (IOP):	
  arXiv：1502.06339�



interface	
  enhanced	
  e-­‐p	
  coupling	
  	
  	
  

Structure	
  template	
  increases	
  electron-­‐phonon	
  
interacYon	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  �

S.	
  Coh,	
  M.	
  L.	
  Cohen,	
  S.	
  G.	
  Louie	
  (arXiv.	
  1407.5657v1)	
   �

ü Pair	
  FeSe	
  electrons	
  to	
  high	
  frequency	
  phonon	
  in	
  STO	
  
ü Increase	
  the	
  contribuYon	
  of	
  phonon	
  1	
  to	
  the	
  coupling	
  

ü Keep	
  FeSe	
  in	
  magneYc	
  phase	
  which	
  allows	
  coupling	
  of	
  phonon	
  2	
  

Phonon	
  1:	
  10	
  meV,	
  

	
  in-­‐plane	
  displacements	
  of	
  atoms	
  	
  

	
  

Phonon	
  2:	
  20	
  meV,	
  	
  

out-­‐of-­‐plane	
  transverse	
  displacement	
  of	
  Fe	
  atoms�



interface	
  charge	
  transfer	
  �

48 K�

Interface enhanced charge transfer + e-ph coupling �



Ø  Electron doping at the interface 

Ø  Interface-enhanced e-ph coupling �

	
  	
  Origin	
  of	
  enhanced	
  superconducYvity	
  

An	
  effecYve	
  way	
  for	
  searching	
  high	
  Tc	
  systems	
  

Heterostructure	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Interface	
  superconductor	
   

STO	
  
FeSe �
STO	
  

Tc �



Single UC FeTe1-­‐xSex	
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  STO�
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FeTe0.5Se0.1 
 
 
 
 
�

 
 
 
FeTe0.4Se0.1�

M. -K. Wu Group 
 Sci. Technol. Adv. Mater. 14, 014402 (2013)�

Ts : 330 ℃ 
Tse : 120-140 ℃ 

TTe : 270 ℃�



FeTe             FeTe0.9Se0.1                FeTe0.7Se0.3          FeTe0.4Se0.6                �

Single	
  Layer	
  FeTe1-­‐xSex	
  Films	
  on	
  STO �

 0.386 ± 0.004 nm �

@ 0.4 K� @ 5 K� @ 5 K� @ 5 K�
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  Single	
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Δ ~ 1.7 meV 

 Tc ~ 14.5K �
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1UC FeTe1-xSex on STO�

Tc > 77 K ? �

Hanaguri, et al., Science, 328, 474 (2010)�
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Interface	
  SuperconducYvity�

ü 1UC FeTe0.9Se0.1 shows overall superconducting behavior 

ü the gap is nearly spatially homogeneous  

ü gap size does not change over a wide composition range (0.3≤x<0.6) �



K1-­‐yFe2-­‐xSe2�



SuperconducYvity	
  of	
  K1-­‐yFe2-­‐xSe2�
K1-­‐yFe2-­‐xSe2	
  on	
  graphene� K1-­‐yFe2-­‐xSe2	
  on	
  STO�

√⁠2 ×√⁠2  �
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Layered	
  structure	
  of	
  Cuprates�

YBaO �

YBaO �
YBaO �

YBaO �
CuO2�

YBaO �

YBaO �

YBaO �

YBaO �
CuO2�

YBaO �

YBaO �

YBaO �

YBaO �

CuO2�

CuO2�

CuO2�

CuO2�



Previous	
  Experiments	
  on	
  High	
  Tc	
  SuperconducYvity

For	
  the	
  same	
  material	
  at	
  different	
  doping	
  levels,	
  ARPES	
  data	
  may	
  change	
  
dramaYcally.	
  This	
  change	
  only	
  occurs	
  in	
  the	
  bread,	
  there	
  is	
  no	
  change	
  in	
  
the	
  beef.	
  Therefore,	
  the	
  mechanism	
  such	
  as	
  the	
  pairing	
  symmetry	
  
shouldn’t	
  change.	
  However,	
  in	
  experiment……	
  

Transport	
  (specific	
  heat):	
  	
  both	
  bread	
  and	
  beef	
  contribute.	
  

STM:	
  	
  nonsuperconducYng	
  surface	
  (BiO)	
  

Only	
  beef	
  is	
  
superconducYng�

ARPES:	
  	
  The	
  electronic	
  structure	
  of	
  charge	
  reservoir	
  layers-­‐	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  bread	
  (LaSrO,	
  LaOF),	
  not	
  the	
  superconducYng	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  layers-­‐beef	
  (CuO2,	
  FeAs).	
  	
  

Infred-­‐opYcal	
  measurement:	
  



Very	
  first	
  experiments	
  revealing	
  the	
  Fermi	
  surface	
  
of	
  the	
  superconducYng	
  layer	
  ?

Only	
  beef	
  is	
  superconducYng �

bread�

bread�

beef � FeSe �

SrTiO3�

cuprates �

non-­‐”d-­‐wave”?�



     Higher TC can be expected with optimized overlayers  
           Improving the quality of FeSe/STO interfaces  
           Performing  in-situ transport study        …… 

Ø  find superconductors with high TC 

         i.e., KFeSe on BaTiO3 or SrTiO3 
 
         Sandwich structure , superlattices 

Ø  reveal the secret of unconventional superconductivity 

         FeSe-TiO2 in FeSe/STO   (only half )        STO/FeSe/STO: doubling 
Tc?        
         CuO-SrO in BSCCO  
         FeAs-LaO in LaOFeAs 

Summary	
  and	
  Perspective�


