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• 1911	
  –	
  1987	
  (LTS-­‐Inter-­‐metallics)	
  
• 1987	
  –	
  2006	
  (HTS-­‐Cuprates)	
  
• 2006	
  –	
  2015	
  (Fe-­‐pnic;des	
  &	
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• 2015	
  -­‐	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (Hydrides	
  ???)	
  
• Conclusion	
  



• Superconduc;vity	
  is	
  a	
  104	
  YOUNG	
  vibrant	
  
subject.	
  

	
  
• It	
  has	
  lured	
  numerous	
  great	
  minds	
  in	
  
physics.	
  

	
  
• It	
  has	
  also	
  humbled	
  many:	
  
	
  	
  	
  	
  	
  “Failed	
  theories	
  of	
  superconduc3vity”-­‐	
  J	
  Schmalian,	
  BCS:50	
  







BASIC  PROPERTIES  OF  A  SUPERCONDUCTOR

•  COMPLETE	
  DISAPPEARANCE	
  OF	
  ELECTRICAL	
  RESISTANCE	
  
(1911)	
  

	
  
•  COMPLETE	
  EXPULSION	
  OF	
  EXTERNALLY	
  APPLIED	
  MAGNETIC	
  
FIELD	
  (1933)	
  

	
  
	
  
•  MACROSCOPIC	
  QUANTUM	
  PHENOMENON	
  
(1930’s,	
  1962)	
  
	
  
	
  Tc	
  -­‐	
  SC	
  Transi;on	
  Temperature	
  
	
  Jc	
  -­‐	
  Cri;cal	
  Current	
  Density	
  
	
  Hc	
  -­‐	
  Cri;cal	
  Magne;c	
  Field	
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Electron	
  Pairing	
  	
  
(1956)	
  
	
  
BCS	
  Theory	
  	
  
(1957)	
  

The BCS Theory: Tc ∞ ΘDexp(1/NV)  



Superconductor finds its common ground with Dalai Lama 

Nothingness （空） 
& 

Harmony （諧） 

050921CWC 



Humanity’s  Top  Ten  Problems  
for  next  50  years  


1.	
  	
  	
  ENERGY	
  
2.	
  	
  	
  WATER	
  
3.	
  	
  	
  FOOD	
  
4.	
  	
  	
  ENVIRONMENT	
  	
  
5.	
  	
  	
  POVERTY	
  
6.	
  	
  	
  TERRORISM	
  	
  &	
  	
  WAR	
  
7.	
  	
  	
  DISEASE	
  
8.	
  	
  	
  EDUCATION	
  
9.	
  	
  	
  DEMOCRACY	
  
10.	
  POPULATION	
  
	
  
	
  

2003    6.3   Billion People 
2050   9-10    Billion People 

(Rick Smalley) 
060304CWC 



The  Future  Global  Sustainable  
Development  in  This  Millennium


The	
  4R-­‐Paradigm:	
  	
  
Reduce,	
  Reuse,	
  Recycle,	
  Remanufacture	
  

(energy)	
  

060304CWC 

The	
  Constraints:	
  	
  
Energy,	
  Environment	
  and	
  Resources	
  



Traditional Path for Industrialization  

(Xu K. D., Former President, CAE) 

GDP Per Capita  

China 

050921CWC 

Technology + Economy + Social 

Tunneling? 



The Most Environmentally Friendly  
Secondary Energy Source: 

 Electricity 
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“If the electricity infrastructure of this country is 
inadequate or in some way excessively costly, it will 
undermine economic growth, and is therefore a major 
issue that must be addressed.” (G. W. Bush, 2004) 
 
Alan Greenspan 
Chairman of the Federal Reserve Board 
January 26, 2001  

Electricity and 
Economic Growth 

Without electric power the ~$17 trillion  
U.S. economy will come to a halt. 

060304CWC 



Asia at Night 

Where there is light, i. e. electricity 
 there is prosperity! 
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The Most Efficient Electricity Carrier: 

Superconductor 



Energy saved using 
a sc device 

Energy needed to cooled 
an LTS with a very low Tc  

Energy needed to cooled 
an LTS 

Energy needed to cooled 
an HTS 

Energy needed to cooled 
an RTS is Zero 

Energy needed to cooled 
an LTS with higher Tc 

Net energy saved when a 
sc devise is used 

To Search for Superconductors with High Tc 
- to save more energy - 
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1.  Superconduc;vity	
  needs	
  electrons	
  pairing	
  &	
  phase	
  coherence	
  
(BCS)	
  

2.  Electrons	
  pairing	
  requires	
  an	
  effec;ve	
  ahrac;on	
  (BCS)	
  

3.  At	
  high	
  temperatures,	
  thermal	
  excita;on	
  energy	
  grows	
  
4.  If	
  the	
  thermal	
  excita;on	
  energy	
  exceeds	
  the	
  pairing	
  energy,	
  

the	
  pairs	
  breakup	
  and	
  superconduc;vity	
  disappears	
  
5.  Higher	
  Tc	
  needs	
  greater	
  pairing	
  poten;al	
  
6.  Greater	
  pairing	
  poten;al	
  ojen	
  leads	
  to	
  instabili;es	
  and	
  even	
  

catastrophic	
  instabili;es	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

e- e- 

The challenge is to enhance the pairing potential 
without triggering catastrophic instabilities. 

090323CWC 

General Principles 

Tc	
  	
  



To raise Tc (before 1986) 

•  BCS RATIONAL APPROACH: 
Cooper Pair (1956) 
Tc = 1.14ΘDexp(-1/NV) (1957) 

     - To raise the Tc - enhance θD, N(0) & V  
     - Excellent descriptive power but little Tc- predictability 

•  MATTHIAS EMPIRICAL APPROACH: 
Matthias e/a Rule (1953) 
- Highest Tcs at  e/a ~ 4.75 & 6.4 
 
  - Works well for crystalline inter-metallic materials 

   but not for amorphous materials or oxides 



Prior	
  to	
  the	
  late	
  1980’s	
  
In	
  the	
  late	
  1980’s	
  

Theorists said Tc above 30’s K  
was not possible. But …….. 
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•  Exp. Tc ≤ 23,2 K 
• Theor. Tc ≤ 30”s K 
•  Confidence crisis 

20120726CWC 



  -­‐  BCS:  LaGce  instability  limits  Tc  to  the  30s  K


The	
  confidence	
  crisis	
  

  -­‐  only  slight  effect  &    incipient  instability  is  good  (1973,  

    1974,  1978):  Chu,  Diatchenko,  Testardi  

  -­‐  not  a  serious  problem

  -­‐  pressure  a  useful  guide  as  a  tuning  parameter  for  

      higher  Tc
 20120726CWC 

High	
  pressure	
  to	
  test	
  the	
  basis	
  for	
  the	
  crisis	
  



1978	
  
16.9→	
  

Lalce	
  instabili;es	
  may	
  not	
  be	
  the	
  killer	
  for	
  high	
  Tc!	
  



1986:  the  criXcal  year


Ba-­‐doped	
  La2CuO4	
  –	
  new	
  Tc	
  record	
  at	
  35	
  K	
  in	
  a	
  new	
  oxides	
   070919CWC	
  



• 	
  The	
  paper	
  was	
  ini;ally	
  greeted	
  with	
  skep;cism	
  	
  
by	
  most	
  except	
  a	
  few	
  groups	
  

(Tokyo,	
  Houston,	
  IBM-­‐Yorktown,	
  Beijing)	
  
	
  

• 	
  We	
  confirmed	
  their	
  results	
  in	
  late	
  November	
  and	
  
more	
  
	
  

• 	
  The	
  1986	
  Fall	
  MRS	
  Mee;ng	
  (Dec.	
  4):	
  
-­‐	
  invited	
  M.	
  K.	
  Wu	
  to	
  join	
  the	
  search	
  and	
  showed	
  him	
  

all	
  our	
  data,	
  including	
  possible	
  sc	
  at	
  70	
  K	
  
-­‐ 	
  showed	
  our	
  preliminary	
  resis;ve	
  data	
  at	
  the	
  Mee;ng	
  

-­‐ 	
  learned	
  Tokyo’s	
  magne;c	
  and	
  structure	
  data	
  

070714CWC 



The original note to B&M from GB:  
later AM called CW Chu thank and comment on CWC’s confidence on Tc = 77 K     



• 	
  Enhanced	
  Tc	
  to	
  40.2	
  and	
  then	
  to	
  52.4	
  K	
  	
  
• 	
  A	
  Tc>	
  40	
  K	
  defies	
  the	
  then	
  theore3cal	
  predic3on	
  	
  
• 	
  The	
  unusually	
  large	
  pressure	
  effect	
  on	
  Tc	
  =>	
  

cuprates	
  are	
  unusual	
  and	
  warrant	
  further	
  study	
  
• 	
  Proposed	
  to	
  replace	
  Ba	
  by	
  Sr	
  &	
  Ca;	
  La	
  by	
  Y	
  &	
  Lu.	
  

Science235,567(1987)	
  

070714CWC 



C. N. Yang said: “You should keep a record.” 
                                                 - Late November, 1986 

12/3: note to Liebenberg, 
Bednorz, Mueller 

12/4: MRS at Boston.  
Showed the  LBCO data   
Invited M. K. Wu to join  the search 

12/18: complete replacement  
of La with Y, Yb and Lu;12/8: No Y 

12/26: Y and Lu have to work 

12/30: Miller & RW 
UH press release 



060731CWC 

….at the University of Houston and at 
 AT&T Bell Laboratories…. 

Front Page 



1987: The Exciting Year 

070221CWC 

At the urge of our Dean and University Legal  
counsel, I prepared a patent application in late  
December 1986, and filed it on January 12, 1987. 

Under the Urge of the University,  
I prepared a patent  application in late 

December and filed it on January 12, 1987. 

wherein L is an element selected from the group 
consisting of lanthanum, lutetium and yttrium 

or 
a mixture of one or more of these elements 

even with a formula (Y0.6Ba0.4)2CuO4 



• 	
  First	
  sign	
  of	
  SC	
  slightly	
  <	
  77	
  K	
  was	
  detected	
  on	
  November	
  25,	
  1986	
  
in	
  mul3-­‐phased	
  	
  but	
  not	
  pure	
  214	
  samples!	
  

• 	
  Conclude	
  the	
  real	
  high	
  Tc	
  phase	
  cannot	
  be	
  214	
  	
  	
  
• 	
  Wanted	
  to	
  stabilize	
  the	
  phase	
  by	
  replacing	
  La	
  with	
  Y	
  &	
  Lu	
  !	
  

 Two Crucial Decisions Made: 
1.  Invited M. K. Wu to join the search on 12/4/86, and 

2.  Focused on the really high Tc phase  instead of on the 214-phase 

070714CWC 



• 	
  First	
  90	
  K	
  -­‐	
  SC	
  was	
  unambiguously	
  observed,	
  although	
  not	
  yet	
  stable.	
  
• 	
  Later	
  analysis	
  of	
  the	
  X-­‐ray	
  data	
  showed	
  it	
  was	
  	
  

LaBa2Cu3O7	
  (123	
  or	
  LBCO)	
  

Chu	
  et	
  al.	
  

1987: the exciting year 

070714CWC 



Chu’s	
  group	
  at	
  UH:	
  
R.	
  L.	
  Meng,	
  C.	
  W.	
  Chu,	
  L.	
  Gao,	
  P.	
  H.	
  Hor,	
  

Y.	
  Q.	
  Wang,	
  A.	
  Testa,	
  Z.J.	
  Huang，D.	
  Camball,	
  J.	
  Bechtold	
  	
  	
  

Wu’s	
  group	
  at	
  UAH:	
  
J。 Ashburn,	
  J.	
  C.	
  Torng,	
  M.	
  K.	
  Wu	
  



• 	
  SC	
  above	
  77	
  K	
  was	
  finally	
  stabilized.	
  
• 	
  YBa2Cu3O7	
  (123	
  or	
  YBCO)	
  

the	
  first	
  stable	
  liquid-­‐nitrogen-­‐temperature	
  superconductor.	
  

(Jan	
  28-­‐29,	
  1987)	
  

1987: The Exciting Year 
M.	
  K.	
  Wu	
  et	
  al./C.	
  W.	
  Chu	
  et	
  al.	
  

070714CWC 



Front	
  page	
  2/16/87	
  NYT	
   Front	
  page	
  1/26/57	
  NYT	
  



YBCO	
  (YBa2Cu3O7	
  	
  or	
  123)	
  
[was	
  originally	
  intended	
  to	
  be	
  a	
  one	
  sentence	
  paper]	
  

March	
  2,	
  1987	
  was	
  a	
  super-­‐day	
  for	
  physics	
  –	
  	
  
>90K	
  SC,	
  supernova,	
  SSC!!!	
  

1987: The Exciting Year 

070714CWC 



1987: The Exciting Year 

7:30	
  pm	
  
3/18/87	
  

Woodstock	
  	
  
of	
  Physics	
  

The	
  Cu-­‐O	
  chain	
  -­‐layer	
  was	
  	
  
improperly	
  labeled.	
  

Determined	
  the	
  structure	
  with	
  Hazen	
  et	
  
al.	
  

•  Carried out magnetic doping experiemnts 
•  Found R electronically decoupled from the sc system 

•    Synthesized and discovered all RBCOs in about  
48 hours in a reduced atmosphere 

  



New	
  York	
  Hilton	
  Hotel,	
  evening	
  of	
  March	
  18,	
  1987	
  
Woodstock	
  of	
  Physics	
  

070714CWC 





Federal	
  Conference	
  on	
  Superconduc;vity,	
  July	
  1997	
  
050204CWC 



Tc ≤ 110 K 
Bi2Sr2Can-1CunO2n+4 

Jpn.J.Appl. Phys. 27, L209 (1988) 

Tc ≤ 125 K 
Tl2Ba2Can1Cu2O2n+4 

Nature 332, 138 (1988) 

Tc ≤ 134 K 
HgBa2Ca2n-1CunO3+2n-δ 
Nature 363, 56 (1993) 

Tc ≤ 164 K 
HgBa2Ca2n-1CunO3+2n-δ 

Phys. Rev. B (R)  50, 4260(1994) 
 

Tc ≤ 57 K 
R(O,F)FeAs 

JACS 130, 3296 (2008) 



La-Ba-Cu-O 

Bi-Sr-Ca-Cu-O                 Tl-Ba-Ca-Cu-O                 Hg-Ba-Ca-Cu-O 

    Hg-Ba-Ca-Cu-O# 

# Under Pressure 
Yellow – CWC et al. 

                    La-Ba-Cu-O# 

  Y-Ba-Cu-O 
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050921CWC 

LTS HTS 

  La-Fe-As-O 

HTS: Past, Present and Future 

FeSe? 

FeSe 



High Power Density 
~ 140 × copper 

AMSC HTS wire plant 

HTS Cables are Ready! 

HTS Shield Wire 

HTS Wire 

  VLI Superconductor Cable 

050921CWC 



Many	
  HTS	
  prototype	
  devices	
  have	
  been	
  made	
  	
  
and	
  tested	
  with	
  superior	
  performance	
  than	
  
their	
  non	
  superconduc;ng	
  counterparts..	
  



HTS  Technology  Works  


100 mT 132 µT 

 SQUID MRI of water columns by J. Clarke 

Flywheel  W. K. Chu 

5 MW Ship Propulsion Motor for US Navy 
by AMSC 

Mag-Lev in Japan 

Motor, Generator 

Synchronous Condensers  

MCG by Brzdeikis/ 

Fault Current Limiter 

(although	
  more	
  work	
  is	
  needed	
  for	
  commercializa3on)	
  

Biomag. Sensing 
A. Brazdekis 



    Ship  Propulsion  Motors


•  Less	
  than	
  half	
  the	
  size	
  
•  Less	
  than	
  one-­‐third	
  the	
  weight	
  
•  Higher	
  net	
  efficiency	
  
•  Equivalent	
  prices	
  
•  Inherently	
  quieter	
  

36.5 MW HTS 
(75 tons) 

36.5 MW Conventional  
(300 tons) 

AMSC 
060304CWC 



2-­‐Tesla  MRI  of  a  Rat  (under  anesthesia)


4 dB gain! 

spine-cord 

brain 

Cu (300 K) 

HTS (77 K) 

Wosik et al. 
060304CWC 



YBCO:	
  	
  
• quality	
  epi-­‐films	
  	
  

•  robust	
  
• high	
  Jc	
  &	
  high	
  Hir	
  above	
  77	
  K	
  

	
  

The	
  best	
  material	
  for	
  HTS	
  science	
  &	
  technology	
  

070714CWC 



YBCO	
  was	
  included	
  in	
  the	
  White	
  House	
  Millennium	
  Time	
  Capsule	
  	
  
Closing	
  Ceremony	
  -­‐	
  December	
  6,	
  2000	
  in	
  the	
  NaMonal	
  Archives,	
  Washington	
  DC	
   060327CWC	
  



The winter of HTS S&T in 2006  

A. Barth and W. Marx analyzed the HTS science  
publication statistics scientometrically in 2006, and 
sentenced it to die in 2010-2015 by extrapolation. 

100409CWC	
  



However,  new  discoveries  cannot  be  predicted  
from  past  staXsXcs


Mark	
  Twain	
  (Benjamin	
  Disraeli):	
  
	
  

There	
  are	
  lies,	
  	
  
there	
  are	
  damned	
  lies	
  and	
  	
  

there	
  are	
  sta;s;cs.	
  

SC	
  was	
  once	
  sentenced	
  to	
  death	
  before	
  in	
  
1986-­‐87.	
  

100409CWC	
  

	
  

Fe-­‐pnic;des	
  superconductors	
  were	
  discovered	
  in	
  2008	
  



Tc	
  ≤	
  57	
  K	
  
R(O,F)FeAs	
  

JACS	
  130,	
  3296	
  (2008)	
  
1111,	
  11,	
  122,	
  111	
  



H.	
  Hosono	
  et	
  al.	
  
M.	
  Roher	
  et	
  al.	
   C.	
  W.	
  Chu	
  et	
  al.	
  

C.	
  Q.	
  Jin	
  et	
  al.	
  

M.	
  K.	
  Wu	
  et	
  al.	
  

Fe-­‐	
  Pnic;des	
  

X.	
  L	
  Chen	
  et	
  al.	
  

Fe-­‐Chalcogenides	
  

≤	
  57	
  K	
  

≤	
  38	
  K	
  

≤	
  20	
  K	
  

≤	
  10	
  K	
  
100	
  K?	
  

≤	
  33	
  K	
  

Perovskite-­‐like	
  	
  
Fe-­‐As	
  layers	
  or	
  
Fe-­‐Se	
  layers	
  

&	
  



Is	
  room	
  temperature	
  superconduc;vity	
  achievable?	
  



104 years after the discovery of superconductivity, 
57 years after the development of BCS &  

27 years after the discovery of YBCO, 
we have learned: 

 
•  There is no evidence, experimental or theoretical,  
that prevents room temperature superconductivity 

from happening. 
 

•  Whatever physics law doesn’t say won’t happen will happen. 
  

•  RTS will be the next grand challenge in SC research – DoE, 
AFOSR 

 
BUT HOW and WHERE?  

 
090323CWC 



Search	
  for	
  and	
  study	
  of	
  Novel	
  Superconductors	
  with	
  Higher	
  
Tc	
  and	
  Unusual	
  SuperconducMng	
  States	
  at	
  TCSUH	
  

the holistic multidisciplinary enlightened empirical approach: 
knowledge, imagination, experience, courage and luck 

         [“A possible path to RTS”, AAPPS Bulletin 16, 8 (2008); and  
“The evolution of HTS: Tc-experiment perspective”, 

 BCS: 50 Years, P391 (2011)]   



•  by realizing novel SC mechanisms predicted theoretically, 
e.g. interfacial mechanisms: 

(Ca,R)Fe2As2 single crystals; ultrathin FeSe Films 
•  by discovering novel materials empirically, 

e.g. anti-phase, new structural class: 
(Ba,Na)Ti2Sb2O; (LiFe)OHFeSe; Zr5Sb3; SrPt6P2; SrPt10P4;  

AFe2As2; FeSe  
• by metalizing insulating phases via physical and/or chemical means,  

TeZr3 
•  by optimizing the multiple interactions in complex material systems, 

e.g. superconducting, magnetic, ferroelectric 
La2CuO4-x; CuO; (Mn0.85Co0.15)WO4; TmAl3(BO3)4   

•  by stabilizing the metastable phases physically and chemically 
YBa2Cu3O7; [H2S]  

•  by exploring novel states in solids 
• CuxBi2Se3, Bi2Se2.1Te0.9, Pb1-xSnxTe, 1T-TaS2; BAs 

• Minerals  
Covellite, Urvantsevite, Froodite   

 
  
 



• The	
  Tc	
  record	
  has	
  stagnated	
  at	
  164	
  K	
  since	
  1994.	
  
	
  	
  

• Is	
  it	
  ;me	
  to	
  look	
  into	
  other	
  direc;ons?	
  



Recent	
  exci;ng	
  observa;ons	
  in	
  HTS	
  
	
  

•  Rare-­‐earth	
  doped	
  -­‐	
  Ca122	
  up	
  to	
  49	
  K	
  
[B.	
  Lv	
  et	
  al.	
  PNAS	
  USA	
  108,	
  15705	
  (2011);	
  S.	
  R.	
  Saha	
  et	
  al.	
  PRB	
  85,	
  024525	
  (2012);	
  

	
  L.	
  Z.	
  Deng	
  et	
  al.	
  PRB(R)90,	
  214513	
  (2014)]	
  	
  	
  
•  FeSe	
  up	
  to	
  100	
  K	
  

[Q.	
  Y.	
  Wang	
  et	
  al.	
  Chin.	
  Phys.	
  Leh.	
  29,	
  037402	
  (1911);	
  L.	
  Z.	
  Deng	
  et	
  al.	
  PRB	
  in	
  press	
  (2015)]	
  

•  H2S	
  up	
  to	
  190	
  K	
  above	
  200	
  GPa	
  
[A.	
  P.	
  Drozlov	
  et	
  al.	
  arX	
  (2015)]	
  

	
  



PNAS	
  USA	
  108,	
  15705	
  (2011)	
  

Naturally	
  Assembled	
  Compound	
  System	
  



 (Ca0.87Pr0.13)Fe2As2  onset Tc ~ 49 K, higher than any other 122 SCs 

B. Lv/cwc et al. , PNAS 2011 20120726CWC	
  



The	
  49	
  K	
  superconduc;vity	
  in	
  rare-­‐earth	
  doped	
  Ca122	
  
• is	
  non-­‐bulk	
  with	
  a	
  Tc	
  higher	
  than	
  any	
  other	
  A122	
  

• Is	
  not	
  rare	
  earth	
  specific	
  	
  
• displays	
  a	
  large	
  magne;c	
  anisotropy	
  

• is	
  independent	
  of	
  doping-­‐levels	
  
• cannot	
  be	
  due	
  to	
  trivial	
  ar;facts,	
  such	
  as	
  collapsed	
  phase,	
  or	
  
minute	
  inclusions	
  of	
  op;mally	
  doped	
  phase	
  or	
  the	
  1111	
  phase	
  

• is	
  closely	
  related	
  to	
  the	
  doping-­‐induced	
  defects	
  	
  
• The	
  observa;ons	
  have	
  provided	
  clear	
  evidence	
  	
  

for	
  possible	
  interface-­‐enhanced	
  Tc	
  in	
  self-­‐assembled	
  material	
  
and	
  led	
  us	
  to	
  the	
  proposi;on	
  of	
  a	
  model	
  that	
  facilitates	
  	
  

the	
  forma;on	
  of	
  interfaces	
  for	
  the	
  enhanced	
  Tc	
  
• 	
  All	
  evidence	
  is	
  not	
  direct	
  to	
  date.	
  



c 

a b	
  

(Ca,Pr)Fe2As2 
~ 5.4x3.2x0.7 mm3 

SC domains 

JJ coupled 
Weak links 

~ sub µm 

SC platelets 

~ 10s nm 

Sample 
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•  Superconduc;ng	
  Gap	
  
	
  	
  	
  	
  	
  	
  Bulk	
  FeSe,	
  Δ=	
  2.2	
  meV,	
  Tc-­‐9.4	
  K	
  
	
  	
  	
  	
  	
  	
  1UC	
  FeSe,	
  Δ=20.1meV,Tcà80K(?)	
  
•  Resistance	
  drop	
  
	
  	
  	
  	
  	
  	
  	
  transi;on	
  `	
  32	
  –	
  42	
  K	
  	
  

•  	
  Tc	
  ~	
  8	
  K	
  (bulk)	
  
•  Tc	
  ~37	
  K	
  (8.9	
  GPa):	
  β-­‐	
  Fe1.01Se	
  
•  Tc	
  ~18	
  K	
  (Te	
  subs;tu;on):	
  

FeSe0.5Te0.5	
  

vs.	
  

ArMficially	
  Assembled	
  Ultrathin	
  Films	
  



	
  
• High	
  Tc	
  

•  	
  Simple	
  structure	
  
• Nano-­‐electronics	
  

• 1UC	
  vs	
  2UC?	
  
•  So	
  few	
  lab	
  can	
  do	
  it?	
  

• No	
  hole-­‐pocket?	
  	
  
• Tc?	
  	
  
•  SC?	
  

Significant	
  scien;fically	
  and	
  technologically	
  



•  It	
  is	
  a	
  challenge	
  to	
  measure	
  the	
  magne;za;on	
  of	
  	
  
	
  	
  	
  	
  	
  	
  such	
  a	
  small	
  mass	
  ~	
  n	
  x	
  26	
  ng.	
  
	
  
•  The	
  large	
  demagne;za;on	
  factor	
  (~	
  106)	
  does	
  help	
  but	
  	
  
	
  	
  	
  	
  	
  	
  poses	
  challenges	
  to	
  determine	
  the	
  SC	
  volume	
  frac;on.	
  
 
•  We	
  have	
  developed	
  a	
  technique	
  to	
  acquire	
  meaningful	
  
	
  	
  	
  	
  	
  	
  data	
  on	
  the	
  SC	
  temperature	
  and	
  morphology. 

Search	
  for	
  the	
  Meissner	
  state	
  in	
  ultrathin	
  FeSe	
  samples-­‐	
  
the	
  necessary	
  and	
  sufficient	
  condiMon	
  for	
  SC	
  

8	
  Samples	
  (Si/10UC	
  FeTe/n	
  FeSe/STO)	
  with	
  n	
  =	
  1-­‐4	
  of	
  size	
  
2mmx5mm	
  over	
  one	
  and	
  half	
  years	
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A	
  Defect-­‐Dependent	
  Complex	
  SC	
  state	
  
in	
  Ultrathin	
  FeSe	
  Films	
  	
  

	
  
•  Meissner	
  state	
  exists	
  below	
  20	
  K	
  	
  

•  Mesoscopic	
  sc	
  state	
  exists	
  up	
  to	
  45	
  K	
  
•  Collec;ve	
  excita;ons	
  exists	
  	
  up	
  to	
  100	
  	
  
	
  	
  	
  	
  	
  	
  with	
  nature	
  yet	
  to	
  be	
  determined	
  

•  Cannot	
  address	
  the	
  n-­‐dependent	
  SC	
  yet	
  





BCS	
  conven;onal	
  sc	
  
Electron-­‐phonon	
  





•  BCS	
  -­‐	
  Tc	
  ~	
  M-­‐α	
  ,	
  α	
  =	
  0.5	
  	
  

•  H2S	
  -­‐	
  α	
  =	
  12	
  or	
  3	
  

•  Type	
  I	
  superconductor	
  

•  History-­‐dependent	
  

•  Magne;c	
  signature	
  

???	
  



* Under Pressure 

Three Stages of Tc- Evolution 
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Do we need a paradigm-shift? 



April	
  10,	
  2015,	
  MPI	
  Mainz,	
  Germany	
  



•  One	
  possible	
  common	
  theme	
  
	
  

Interface	
  may	
  play	
  an	
  important	
  	
  
role	
  in	
  the	
  unusually	
  high	
  Tc	
  in	
  all	
  three	
  cases.	
  

i.e.	
  Ca122,	
  FeSe,	
  H2S	
  
and	
  CuCl	
  

	
  
•  Could	
  be	
  a	
  paradigm	
  shij	
  
(2D,	
  correla;on,	
  applica;ons)	
  

	
  
•  But	
  no	
  direct	
  magne;c	
  evidence	
  yet	
  

	
  



Interfacial SC in (Ca,Pr)122 
 • Search for high Tc via novel mechanisms: bosonic excitations 

with high characteristic temperatures – phonons, polarons 
excitons, magnons, plasmons, bipolarons, spinons, anyons, morons,.. 
• A possible route via inter-facial superconductivity by the exchange  

of excitons: Allender, Bray and Bardeen PRB 7, 1020 (1973)   

•  Challenges: Where and How to find and realize them? 
Theoretical guidance and method of negation  

20120726CWC	
  



To	
  address	
  the	
  issues,	
  
two	
  new	
  projects	
  are	
  in	
  progress	
  at	
  

TCSUH:	
  
	
  

•  The	
  integrated	
  MBE/TEM/ARPES/MR	
  system	
  
•  Magne;za;on	
  etc.	
  under	
  ultrahigh	
  pressure	
  

(in	
  collabora;on	
  with	
  Mikhail	
  Eremets	
  &	
  Xiaojie	
  Chen)	
  



LOAD	
  

MBE	
  

STM	
  

ARPES	
  

TRANSPORT	
  &	
  
MAGNETIZATION	
  

PREP.	
  





Yes, it is possible, because 
over the last 100 years, we have learned: 

 
•  There is no evidence, experimental or theoretical,  
that prevents room temperature superconductivity 

from taking place. 
 

•  Whatever physics law doesn’t say won’t happen will happen. 

•  Be prepared to expect the unexpected - history repeats itself 
always.  

 
110923CWC	
  

Is	
  it	
  possible	
  to	
  find	
  a	
  room	
  temperature	
  superconductor?	
  



• 	
  The	
  search	
  for	
  high	
  Tc	
  will	
  go	
  on:	
  
	
  	
  	
  God	
  is	
  kinder	
  to	
  physicists	
  than	
  to	
  mountaineers	
  to	
  	
  
	
  	
  	
  whom	
  the	
  final	
  goal	
  of	
  Mt.	
  Everest	
  is	
  already	
  granted	
  	
  
	
  	
  	
  and	
  reached,	
  and	
  the	
  excitement	
  ceases	
  once	
  they	
  	
  

	
  	
  	
  get	
  there.	
  	
  
	
  	
  	
  	
  



Edmund	
  Hillary	
  &	
  Tenzing	
  Norgay	
  May	
  29	
  1953	
  



. th 

A “Room Temperature Superconductor”  
was found in 2009 by James Cameron 

Avatar 

the Unobtainium 

 Avatar 

100409CWC 
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Thank	
  You!	
  


