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Type | and type |l superconductors

" Type-l and type-Il superconductors
show different responses to external
magnetic field.

" The reason is that the surface
energy of an interface between a
normal metal and a superconducting

region, s
" for type-l 6> 0
" for type-ll 6,s< 0

® Roughly speaking,
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Interface normal metal — superconductor

Ginzburg-Landau (GL) equations
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NS interface: Gibbs free energy
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NS interface energy
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Energy of the interface: o, = —|— dx
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the 2nd term OOH(H — Hem) dr ~ —\
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Type | and type II: Characteristic lengths

type |
1 H (x)
P ()

>
v -

¢ &

<«

extreme case

K << 1, e, MK €&

exact calculation

type Il
A H(x)
plxz)

e

A 4—»

z

[«

extreme case

kK> 1, 0e, A > &

exact calculation

k< 1/V2 2 k> 1//2 Hg
ons > 0 ons = 1.89 — ‘5 Ops < 0 Ons — —
87 87

Alexey Ustinov Superconductivity: Lecture 5 7



Vortices in type |l superconductors
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STM images obtained at NIST - .......'}.lm.-

Standards and Technology
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Abrikosov vortices

theoretical prediction

screening
current

normal core

Magneto-Optical Imaging
NbSe, crystal, B=3 G
P.E. Goa et al. University of Oslo

A. A. Abrikosov
(Nobel Prize 2003)

Decoration by ferromagnetic nano-
particles, MgB, crystal, B=200 G
L. Ya. Vinnikov et al. ISSP Chernogolovka
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Magnetic imaging of individual vortices

¥ ! i !

um 40K Scanning Hall probe

! YBaCuO film, B=1000 G

A. Oral et al. University of Bath

Scanning SQUID microscopy of
half-integer vortex, 1996

YBaCuO grown on tricrystal substrate
J. R. Kirtley et al. IBM
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Magnetic field of a single vortex

o We assume that GL parameter = > 1, ie, A\ > &
° and consider 7 > & where [¢|* = 1.
Q . v v 1 1 (I)CI A
The 2d GL equaton Vx Vx A= ——VH— A
A2\ 27
— — 1 (I)O — — 2= — — (I)O —
= VxH=—|(—V0—-—A) ™ H+\X'VYxVx H=—VxV6 .

A2\ 27 27

At any point of the vortex, apart from its center, Vx V6 = 0.

The center of the vortex represents a singularity, where |V 60| — oo.

By the Stokes theorem, / Vx VodS = Vo dl =27

© (recall that each vortex carries one flux quantum)

=> VUx V0 = 27 (T)€e, , where ¢, is the unit vector along the vortex.
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Magnetic field of a single vortex

@0 —_— — — —_
Finally we get an equation H 4+ \°Vx Vx H = &, §(7F) &,
Q subject to the boundary condition H (co) = 0.

b . .
The solutionis H = Y Ko(r/)\), where K is the MacDonald function.
T
In(1/z) atz<k1, |
K z ) ~ N ) ’ A e
0o(2) { e—u/zl/z at 2> 1. H (1)

. b w
Exact solution: =) H(0) = 5 ;2 (Ink — 0.28) 7' \\
s

Energy per unit length of the vortex:

P P 2 ' "
= —H(0 In x
- 87 (0) = <47T)\> n
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Interaction between vortices

‘t‘ H4+ NVUxVx H=0[6(F —7) +6(F — )] &

4

o P
Free energy F = —O [H(Fl) —+ H(FQ)] = 2¢ + —0 2H12(I)
ST 87

H (7 ) consists of the field of vortex 1 itself and the field /() due to vortex 2.

. OoHo(x
Interaction energy: U(x) = 0 412(r) )
ar
: : dU Oy dH o by 47 |
Interaction force per unit length:  f = —— = — = —— — j12(x)
dx 47 dx 4 c

— l —_— = =
Lorentz force for a vortex placed at => f1. = =[] ®], where By = &, P,
C

the density of the external current }‘
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