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•  ar#ficial	  structures:	  	  
	  	  	  	  	  	  	  	  	  	  	  new	  proper#es	  and	  robustness	  of	  superconduc#ng	  phases	  
•  unconven#onal	  superconduc#vity	  in	  confined	  spaces	  
•  spin-‐triplet	  superconduc#vity:	  d-‐vector	  manipula#on	  



Ar#ficially	  structured	  superconductors	  

Small	  devices	  give	  insights	  into	  the	  structure	  	  
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CeCoIn5	  /	  YbCoIn5	  
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“towards	  a	  more	  2D	  system”	  

(Ce,Yb)	  =	  (n,5)	  Matsuda	  &	  Shibauchi	  group	  
	  	  	  	  	  	  	  	  	  	  	  	  (2011)	  
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Non-‐centrosymmetric	  superconductors	  

Heavy	  Fermion	  superconductors	  

no limiting 

limited 

Onuki et al. 

upper	  cri#cal	  field	  

↵ ⇡ 2.5

CeIrSi3 
LaIrSi3 

not	  heavy	  Fermion	  

100 x smaller Hc2  

orbital depairing relevant 
   light electrons      large  
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SuperlaVce	  –	  Ce115	  /	  Yb115	  
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SuperlaVce	  –	  Ce115	  /	  Yb115	  
paramagne#c	  limi#ng	  

Matsuda	  group	  

Comparison	  with	  orbital	  depairing	  

Rashba	  spin-‐orbit	  coupling	  
reduces	  the	  paramagne#c	  limit	  
due	  van	  Vleck	  spin	  polariza#on	  

smaller	  n	  	  	  	  	  	  	  	  	  	  	  more	  boundary	  layers	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  more	  robust	  
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3-‐Kelvin	  phase	  
In	  

Ru-‐Sr2RuO4	  eutec#cs	  
	  



Sr2RuO4	  	  -‐	  unconven#onal	  superconductor	  

Sr 
RuO2 plane 

Sr2RuO4	  

Maeno	  et	  al	  (1994)	  

Tc ⇡ 1.5K

pairing	  symmetry	  

spin-‐triplet	  	  odd-‐parity	  

chiral	  p-‐wave	  



µm-‐sized	  	  
Ru-‐metal	  	  
inclusions	  	


nuclea#on	  of	  inhomogeneous	  
superconduc#vity	  

T*	  ~	  2xTc	  ~	  3	  K	  

percola#ng	  bulk	  	  
superconduc#vity	  

"3	  -‐	  Kelvin	  phase"	  Maeno	  et	  al	  (1997)	  
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onset	  
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Eutec#c	  Sr2RuO4-‐Ru	  	  -‐	  	  nuclea#on	  	  	  	  
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at	  interface	  

energe#cally	  favored	  
#me	  reversal	  symmetry	  	  

conserving	   Liu	  &	  Mao	  groups	  

very	  clean	  interfaces	  

MS	  &	  Monien	  
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Ru Sr2RuO4 
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~	  20	  nm	  

filamentary	  	  
superconduc#vity	  

sublinear	  

theo:	  Belardinelli,	  Matsumoto	  &	  MS	  

Yaguchi,	  	  
	  	  	  	  	  Maeno	  et	  al	  

superconduc8vity	  	  
nucleates	  	  
at	  interface	  

exp:	  
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Sequence	  of	  phases	  	  
first nucleation	  
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~3K	  

T‘	  
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Kaneyasu	  et	  al	  (2010)	  

T-violating transition 
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T-violating transition 
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cri#cal	  current	  of	  3K-‐phase	  

tunneling	  Ru-‐Sr2RuO4	  

left moving current 

right moving 
          current 

Hooper et al (2005)  
2.3K	  

Yaguchi	  et	  al	  (2006)	  

Sr2RuO4	  Ru	  

electrode	  

zero-‐bias	  	  
anomaly	  

Sequence	  of	  phases	  	  



Tunneling	  through	  Ru-‐inclusions	  
Au/Ti electrode 

Ru-inclusion 

SiO2 insulating layer 

Sr2RuO4 

Yaguchi,	  Maeno	  et	  al.	  	  

Kawamura	  et	  al.	  

A-‐to-‐B	  transi#on	  -‐	  zero-‐bias	  anomaly	  



Tunneling	  through	  Ru-‐inclusions	  
Au/Ti electrode 

Ru-inclusion 

SiO2 insulating layer 

Sr2RuO4 

Yaguchi,	  Maeno	  et	  al.	  	  

Kawamura	  et	  al.	  

A-‐to-‐B	  transi#on	  -‐	  zero-‐bias	  anomaly	  

onset	  of	  	  
zero-‐bias	  anomaly	  at	  

T 0 ⇡ 2.3K



Tunneling	  spectroscopy	  
Au/Ti electrode 

Ru-inclusion 

SiO2 insulating layer 

Sr2RuO4 

Yaguchi,	  Maeno	  et	  al.	  	  

Kawamura	  et	  al.	  

A-‐to-‐B	  transi#on	  -‐	  zero-‐bias	  anomaly	  
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direct	  contacts	  to	  Ru-‐inclusions	  
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