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contien Granular \aals

* A collection of metallic islands (grains) buried in an
amorphous insulating matrix is called GRANULAR METAL

* We suppose that each grain has the same diameter
and discrete energy spectrum.

 Dimensional quantization scale is determined by the
Thouless energy :

. Diffusion coefficient:

(d) "’F’szp
d2

- Mean level spacing :




meN Dimensionless Conductance

The fundamentall parameter in the description ofi transport
properties Is the “dimensionless conductance”. It can be
determined from the Einstein’s relation:

TThe dimensionless conductance in metal corresponds to the
number of single-particle energy. levels in a “stripe” of width of

the order of the Thouless energy centered around the Fermi
level:

The tunneling dimensionless conductance corresponds to
the number of electron states in the stripe of the width of

tunneling amplitude centered at the Fermi level:

N = 27 (t/8)



Electron motion inf geod granular metal

* We suppose that inside a single grain electrons can move
freely in a quasi-ballistic fashion, i.e the intra-grain
dimensionless conductance

9= ~ppd>1

 In a good granular metal electrons can tunnel from one
grain to the nearest neighbor with high probability, This

means that the tunneling dimensionless conductance
IS large:
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e The macroscopic transport is determined by tunneling »gd
processes: COHERENTIA

IS the tunneling scattering rate, IS the coordination number
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(Belongs to Andreas Glatz)




Hamiltenian and double momentum
[epresentation

* Jhe Hamiltonian 1 a “mixed” representation (intra-
grain mementum space, Inter-grain direct space)
has the form:

l
.-.'1- A_I.. )
EpCinC 111+;2 2 [rpp CipC ,rp '+ H.c.],

Intra-grain dynamics Inter-grain dynamics
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Double mementun representation:

[Ep T IZ’)fh]{ K pt K.p

With
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Conaductivity’ I linear response theory
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Electromagnetic respoense operator

I, (o,) =2*dt]* D, sin* (K d)
K

X T2, 2 Gx(p.£,1,)Gk(p'.e,).

En p.p’

One-electron Green function Is.

G g =
K (P €n) 1€, — & — Z{1 — 1k )
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IMpUrtIES averaging

I the first order in
transparency the electrons
In different grains are not
correlated:

* Assuming higher tunneling
corrections, the diagram
turns out to be
proportional to the
tunneling dimensionless
conductance




o e V\I_ correction; Cooperon
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Anomaleus Viagnetoresistance

* No Time-Reversal
Invariance: the eguation
for the Cooperon must be
solved In the direct space

« Also the conductivit (4T) (1 — 1Q+2e4) ¥i (r) = Ev; (r)

correction must be written
In the direct space
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Cooperon
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General fermula for magneteconductivity.

F(. '}’lp) = Lih( 2 TFQ‘T“
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LImIting Gases

* \When the magnetic length
IS much larger than the
graini size, the grain lattice
IS completely mvisible for
the field: “usual’ behaviour

* Increasing the field, the
grains lattice shows up
Itselfi by the appearance of
the Thouless energy In the
expression for the
correction
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Conclusions

In summary, we developed a new diagrammatic tech-
nique in a double-momentum representation for trans-
port in granular metals. Using this technique, the weak
localization corrections to the conductivity arise in a nat-
ural way and an explicit calculation shows the same low-
temperature behavior as in bulk metals, but with the

iffusion constant D,, replaced by the effective tunnelling
liffusion constant D = I'd® and the mean free path ¢ by
he average grain diameter d. Our result agrees with Eq.
(13) of Ref. [8] in the Q — 0 limit; however, our tech-
nique underlines the presence of the grain lattice, repre-
sented by the cosine factor in Eq. (8), reminiscent of the
lattice structure factor yq. We also give an estimate of
the magnetoresistance correction for very weak fields.




Perspectives

« Non-LCinear Sigma Moedel In the double-
mementum: representation (non -
Derturbative technique)

« e-e Interactions

= Coulomb: screening length, Coulomb blockade In
low dimensions

s SC: s-wave and d-wave Instablities, relations
with HTCS




