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Electron tunneling measurements of the Coulomb anomaly in the density of states in strongly
disordered quench condensed granular films are presented. The strength of this anomaly grows
with increasing sheet resistance, Ry, at low Ry but saturates at high Ry. We suggest that the
granular morphology of these films is responsible for the saturation.

1. INTRODUCTION

Increases in the static disorder in metal
films degrades the screening capabilities of
the conduction e~, increases spatial correla-
tions among them and thus, increases the ef-
fective e~ — e~ interactions. This leads to a
decrease of the density of states about Ef.
[1 — 3] In two dimensional weakly disordered
systems, this decrease is given by [4]:

§N(E) _

l |E — Ep|r.
B = nan(im(E=2E) )

where A, depends on the strength and form
of the effective e~ — e~ interactions, | is the
mean ﬁ'ee path, £ is the localization length

and 7! is the rate of elastic collisions. This
density of states anomaly appears as an ano-
maly in the conductance as a function of volt-
age, G;(V) of tunnel junciions with a disor-
dered flm as one of the electrodes. Here, we
present preliminary studies of this anomaly
in films that range from the weakly disor-
dered limit, where this theory applies, to the
strongly disordered limit, where it does not.
We find that film morphology plays an im-
portant role in determing the strength of this
anomaly and thus, the strength of the e™ —e~
interactions in strongly disordered films.

2. SAMPLES

The disordered filins were deposited onto
cooled substrates (~ 8K) on which an oxi-
dized Al strip had been previously deposited.
The disordered film and Al strip served as
the tunnel junction electrodes. Four termi-
nal measurements of G;(V) were performed
at 8K in situ. In fact the normal state con-
ductance G;(V) does not depend on temper-
ature for eV > kT. We have measured G;/V')
of granular Pb and Sn films with Ry ranging
from 10Q (kpl 2 1) up to 70k (kpl ~ .04).

G;(V) can be written

Of(E +eV)

5 P(E)dF

Gj(V)=/ NuNFim

where E is the energy relative to Ef, f is the
Fermi distribution, V is the voltage across
junction, N 4; is the density of states for the
Al strip and Npgjin is the density of states
for the investigated film. P(E) is the tun-
neling probability. We normalized all curves
by the lowest Ry film for each experimental
run to eliminate the effects of N, and P(E),
3o the normalized junction conductance, Gy,
reveals corrections to Ng;i.. due to disorder
effects.
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3. RESULTS

In Fig. 1 we show Gn(V) vs. (n(V)
for a series of granular Sn films. The dotted
lines are data and the solid lines show lin-
ear regions. These regions shrink and their
slopes grow with increasing Ry. The fune-
tional form of G n(V') at high voltages is un-
clear.

We plot the slope vs. Ry for Pb and
Sn films in Fig. 2. At low Ry these slopes
grow, but at high Ry they saturate. The
sheet resistance at whick they saturate, R},
and the saturation value are both higher in
Sn than in Pb. This saturation value appears
to scale with the inverse of the film thickness.

According to Eq.(1) the slope of this {n(V')
dependence corresponds to the strength of
the e~ — e~ interactions and Ry represents
the degree of the disorder. Disorder enhances
the effective e~ —e™ interactions, so the slopes
should grow with increasing Ry. We believe
that this observed saturation results from a
morphology change (“granular” to “uniform™)
that occurs near R). Above Ry, films are
made of isolated grains and the transport prop-
erties are dominated by intergrain tunneling
processes. Below R}, the grains start to cou-
ple together and the film becomes more uni-
form. For the grapular morphology the effec-
tive e~ — e~ interactions are dominated by
grain charging effects. These depend only on
the intergrain capacitances which are inde-
pendent of Ry. For the uniform morphology,
where the theory applies, the effective inter-
actions depend on Ry.

4. SUMMARY

We have measured the density of states
of granular Pb and Sn films with Ry up to
70kQY. The strength of the coulomb anomaly
saturates at high Ry. We attribute this effect
to the granular morphology of the films.
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