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CHAPTER 1
INTRODUCTION

1.1  Basic Principles of Conventional Superconductivity

Since the discovery of Superconductivity in 1911 by Onnes), many theoretical
interpretations and classifications huve evolved with ihe development of Type II, and nuch
later, high Tc superconductors. Though the gensral definition of a superconductor relates
to &« materiai exhibitiug perfact conduction and diamagnetism, there exist other very
interesting aspects of superconductivity that cannot ali be mentioned in this introductory

overview. The most important nomenclature and theoretical background relevant to this
specific study chall be dealt with.

111 Thecry of Ginzburg—Landau

In 1950, Ginzburg and Landau® proposed a phenomenoingical theory of supercoaductivity
based on the previous theory of second—order phase transitions formulated by Landav.
Landau had suggested that these phase transitions could be described in terms of an order
parameter. The Ginzburg—Landau, or GL Thevry, introduses a complex psuedo—wave

function ¥ as the order parameter, which is hypothesized to be relate.l to iie local density

of superconducting electrons as
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In the presence of a maguetic field (H), the free energy densily of the superconducting

state, F‘H, near a sccond—order phase transition, may be expanded as follows:

E aas
F'H=Fno+a|\lil TARY > |
(2m L} (~in? - 2¢A) ¥ |2 + n%/er 1.1.2.

where ¥ (r) is the complex order parameter; F o i8 the free energy density of the normai
state in zero field; h?/8r is the magnetic energy density equivalent to B’/2po— ,uollg/z in
SI units; a, § are phenomenological cc1siants, and m* is an effective mass of an electron. In
the presence of fields, currents and gradients, ¥ (r) = | ¥ (r)|exp[ip(r)] adjusts accordingly
0 as to minimize the total free energy. Thus setting the variation of the free energy with
respect to the order parameter equal to zero, and with the restriction that we use the gauge

div A = 0, equation 1.1.2 is differentiated to obtain,
2 ) P 2
a ¥+ 8|V |° ¥+ 5*(—RT - 2eA)" ¥ = 0 1.8

Along wiihk this equation, GL obtain the usual quantnm expression i1 the current, J =

(1/p,) curl B ( Maxwell’s equation ), as

3 * * 2
J=-thyty_yo')_42 ¢ua 114,
m m






The coherence length ¢ provides the characteristic scale for spatial variations in the order
parameter. Consider a normal (n) and superconducting (s) interface, the cnergy of the
interface is dependent on the saperconducting volume, V = A-{(T) where A is the area of
the interface. Since ¥ decreases to zero over a distance of §( (), the net Gitbs energy of the
.nterface has a contribution in the form, (Gn - GB)AQ(T), and from equation 1.1.9, | a|

can be regarded as a regular energy spacing.

The GL cohereace length being cistinct from Pippard’s characteristic length (¢,) proposed
in 1953. Pippard argued that only electrons within = kpT', of Ep { the Fermi Energy )
should be important in superconductivity,( local theory ), and hence could be estimated
from the Uncertainty Principle : { = ath/kBT & ( vp — Fermi velocity ). For T far below
the critical transition temperature Tc’ §T)=¢ o but near T 2 they are diiferent.

The ratio of the two GL characteristic lengths defines the Ginzburg Landau parameter, x =
A/€. The implications of & were not fully appreciated until 1957 when Abrikosov3 used & to
explain Type Il superconductivity. He calculated, that in the mixed state ( between Hcl
and H , ) the magnetic flux should penetrate in a regular array of flux tubes, each carrying

2

one quantum of flux. The quantity ¢o = he/2e = 2.0679 x 0’ gauss-cm” is known as the

45 and the GL theory also

fluxoid, or flux quantum. Flux quantization has been observed
predicts, and experiments have confirmed, that each vortex ir a type II superconductor

contains a single quantum of magnetic flux.

Essentially, most elemental supercondustors have GL parameter of k << 1, however, by
alloying materials and forming compounds, the electron mean free path, £ decreases to be
much smaller than £ ( a dirty snperconductor ); and hence ¢ » Z Ir the above case where
¢ < XA we have that the surface energy is negative and the lowest eneigy state will be

attained if the flux is dispersed in very small units throughcut the sample. This will aliow
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Figure 1.1.1 A schematic representation of the mean field magnetic phase

diagram for a Tyve II superconductor.









Figure 1.1.2
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A normal-state, free electron, quadratic deansity of states filled
with electrons up to EF—A(O). The superconducting energy
gap 2A(0) is shown and the allowed states that were in the gap
are pusbed into regions just above and below the gap. In the

diagram the vidth of the gap is exaggerated around EF.
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