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GL	  model	  &	  Mo+va+on	   Modeling	  of	  pinning	  
● Time-dependent Ginzburg-Landau 

Random	  spherical	  inclusions	  

● Tc modulation: Inclusions and pinning 

Parallel	  fields	   Compe+ng	  defects	  
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OSCon:	  Robust	  op)miza)on	  of	  pinning	  &	  geometry	  for	  high	  
cri)cal	  currents	  and	  resul)ng	  energy	  applica)ons	  
•  Cri$cal	  current	  determined	  by	  long-‐$me	  evolu$on	  of	  TDGL	  (to	  

sta$onary	  flow)	  
•  Dominated	  by	  rare	  events	  of	  vortex	  depinning,	  avalanches,	  nuclea$on	  

and	  spliOng	  &	  reconnec$on	  
•  Frequency	  and	  dura$on	  of	  pinning/depinning	  depends	  on	  

configura$ons	  of	  inclusions	  
•  Suitable	  pinning	  configura$ons	  must	  be	  determined	  using	  geometry	  

op$miza$on	  

Total	  current:	  J=Js+Jn	  

● Results 

Inclusions	  and	  defects	  are	  modeled	  by	  Tc	  modula)on	  !	  corresponding	  to	  normal	  
metallic	  pinning	  centers:	  spa)al	  varia)on	  of	  ²(r)	  [posi+ve	  in	  the	  superconductor,	  
nega+ve	  in	  the	  defect]	  
•  arbitrary	  geometry	  
•  on	  a	  regular	  grid	  	  
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● Here: Regular simulation grid (on GPUs) 

In	  dimensionless	  units:	  

TDGL	  equa+ons:	  

Example:	  regular	  2D	  hole	  array	  with	  modula+on	  
of	  the	  linear	  coefficient	  ε(r),	  where	  T>Tc	  in	  the	  
“holes”	  

2nd	  type	  of	  inclusions:	  insulators	  à	  modeled	  by	  zero-‐normal-‐
supercurrent	  boundary	  condi+ons	  
•  Most	  appropriate	  on	  unstructured	  meshes	  (see	  poster	  2)	  
•  On	  regular	  meshes	  normal	  to	  mesh	  edges	  (in	  progress)	  

● Critical currents for spherical (metallic) 
inclusions 

Current-‐voltage	  characteris+cs	  for	  different	  inclusion	  concentra+ons	  (inclusions	  
are	  randomly	  distributed	  in	  the	  simula+on	  volume:	  the	  cri+cal	  current	  is	  
determined	  by	  a	  frac+on	  of	  the	  corresponding	  free	  flux	  flow	  voltage	  
	  
Instead	  of	  the	  concentra+on,	  the	  volume	  frac+on	  and	  inclusion	  diameter	  are	  the	  
two	  parameters	  characterizing	  the	  random	  spherical	  pinning	  landscape.	  

Cri+cal	  current	  also	  depends	  on	  magne+c	  field:	  

● Optimal critical current 

Experimental	  result:	  MoGe	  slap	  with	  parallel	  current	  and	  field	  
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Sample	  parameters	  
»0=6-8 nm 
¸=400nm 
Tc~6.15 K 

thickness=100nm~16»0 

Ø  Sample	  is	  discre+zed	  using	  a	  regular	  mesh	  of	  512x128x32	  grid	  points	  with	  mesh	  
size	  of	  »0/2	  à	  realis+c	  thickness	  

Ø  Sample	  is	  periodic	  in	  x-‐direc+on	  
Ø  Inclusions	  are	  modeled	  by	  a	  different	  low-‐Tc	  component	  
Ø  0-‐100	  spherical	  inclusions	  with	  diameter	  5»0	  are	  randomly	  placed	  in	  the	  volume	  

à	  average	  over	  different	  disorder	  realiza+ons	  
Ø  A	  fixed	  constant	  current	  is	  applied	  in	  x-‐direc+on	  as	  well	  as	  a	  variable	  magne+c	  

field	  
Ø  Simula5on	  5me:	  25mill	  +me	  	  

steps	  for	  100	  field	  values	  

!

● Numerical realization 

pinned	  helical	  

● Helical motion & Reentrance 
Magne+c	  field	  &	  voltage	  for	  one	  disorder	  configura+on	  

Magne+c	  field	  applied	  in	  parallel	  to	  
the	  applied	  current:	  
Ø  No	  Lorentz	  force	  if	  vor+ces	  are	  

straight	  
Ø  Source	  for	  instabili+es:	  impuri+es	  

or	  thermal	  fluctua+ons	  
Ø  Dense	  vortex	  lines	  help	  to	  “re-‐

stabilize”	  the	  vortex	  labce	  

New	  discovery:	  a	  new	  periodically	  “rota+ng”	  vortex	  state	  appears	  at	  
intermediate	  field	  strength	  having	  finite	  resistance	  

Visualiza+on	  using	  loca+on	  
of	  inclusions	  and	  vortex	  
detec+on	  results	  	  (see	  
poster	  3)	  

Commercial	  superconduc+ng	  
tape	  with	  nanorod	  inclusions	  
is	  irradiated	  by	  heavy	  ions	  at	  
45	  deg	  à	  understanding	  of	  
the	  cri+cal	  current	  depending	  
on	  the	  angle	  of	  the	  external	  
magne+c	  field	  

Vortex	  configura5on	  with	  
nanorods	  

Nanorods	  &	  Irradiated	  
columnar	  defects	  

● Simulation 

Two	  new	  extensions	  to	  the	  main	  simula+ons	  code	  required:	  
Ø  Arbitrary	  external	  	  magne+c	  field	  direc+on	  
Ø  Rota+on-‐symmetric	  (cylindrical)	  integra+on	  domain	  
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 B=0.04, 800 nanorods 4x4x14, zaniso=1
 B=0.04, 800 nanorods 4x4x14 & 120 columns d=4, zaniso=1

LeT:	  Experimental	  Jc(α)	  dependence.	  Right:	  Numerical	  Jc(α)	  dependence.	  Red	  
(nanorods)	  and	  blue	  (nanorods	  +	  columnar	  defects)	  lines	  are	  calculated	  
slightly	  below	  the	  matching	  field	  of	  the	  system.	  	  

•  The	  effects	  from	  different	  defects	  are	  not	  addi)ve.	  
Addi+onal	  defects	  can	  simultaneously	  decrease	  the	  
cri+cal	  current	  at	  some	  direc+ons	  of	  the	  magne+c	  
field	  and	  increase	  it	  at	  other	  direc+ons.	  

•  The	  alignment	  of	  the	  dominant	  inclusions	  define	  
peaks.	  In	  case	  of	  nanorods	  the	  peak	  of	  Jc(α)	  is	  
observed	  at	  α	  =	  0°	  and	  in	  the	  case	  of	  domina+ng	  
con+nuous	  columnar	  defects	  it	  is	  α	  =	  45°.	  

•  The	  peak	  at	  α	  =	  0°	  decreases.	  The	  cri+cal	  current	  in	  
systems	  with	  nanorods	  is	  larger	  then	  the	  one	  in	  the	  
system	  with	  nanorods	  and	  columnar	  defects	  at	  α	  =	  0°.	  
In	  the	  former	  case	  it	  is	  obvious	  that	  the	  pinning	  is	  best	  
as	  the	  defects	  a	  longest	  parallel	  to	  the	  vor+ces.	  On	  
the	  other	  hand,	  con+nuous	  cylindrical	  inclusions	  allow	  
vor+ces	  to	  move	  crea+ng	  “rails”	  across	  the	  system.	  	  

!	  Close	  to	  quan$ta$ve	  agreement	  of	  
experimental	  results	  and	  explana$on	  of	  the	  
underlying	  mesoscopic	  mechanisms	  

+	  columnar	  defects	  
nanorods	  only	  

oscon-‐scidac.org	  

more	  informa5on	  &	  videos	  on	  the	  webpage:	  
oscon-‐scidac.org	  
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