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Abstract

A simple model for manganites is considered. It takes into account both the Coulomb repulsion between electrons
and the essential magnetic interactions. The phase diagram of this model, which contains two regions of small-scale
phase separation, is constructed. The tunnelling magnetoresistance for the phase-separated state is calculated. The
effects of Coulomb blockade and spin-assistant tunnelling are taken into account.
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1. Introduction

An interplay between charge and spin ordering on
one hand and phase-separation on the other has at-
tracted a significant attention of theorists in connec-
tion with the physics of high-Tc superconductors and
manganites.

In the present paper, we consider this interplay in
manganites on the basis of a simple model, which takes
into account both the Coulomb repulsion of electrons
on neighboring sites and essential magnetic interac-
tions.

2. Theoretical model and phase diagram

The Hamiltonian of the model has a form:

Ĥ = −t
∑

<i, j> σ

c+
i σcj σ + V

∑
<i, j>

ninj −

−JH

∑
i

�i�i + J
∑

<i, j>

�i�j , (1)

1 Corresponding author. E-mail: kagan@kapitza.ras.ru

where V is the Coulomb repulsion on neighboring sites,
JH is on-site FM exchange, J is the AFM Heisenberg
exchange. We consider this model in a physically rea-
sonable strong-coupling limit:

JHS > V > W > JS2, (2)

where W = 2zt is a bandwidth.
In this limit, a homogeneous charge-ordered (CO)

state has a negative compressibility for all densities of
electrons n �= 1/2 [1]. Hence our system is unstable to-
wards phase separation away from n = 1/2. We ana-
lyze the simplest version of phase-separated state with
small metallic FM droplets in an insulating CO and
AFM matrix.

The energy of this state reads:
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where R is the radius of a spherical droplet, nd is the
droplet concentration, a is the lattice constant. Mini-
mization of the energy (3) with respect to the radius
yields:

Preprint submitted to LT23 Proceedings 13 June 2002



R

a
∼

(
t

V
+

JS2

t

)−1/5

. (4)

As a result, taking into account also a tendency to-
wards phase separation at small densities, we come to
the following phase diagram [1,2]:
– at 0 < n < (JS2/t)3/5, it corresponds to phase sep-

aration into a FM metal embedded in an AFM insu-
lating matrix.

– at (JS2/t)3/5 < n < (t/V + JS2/t), the system is a
FM metal.

– finally, at (t/V + JS2/t) < n < 1/2, we have phase
separation in the form of FM metallic droplets inside
an AFM charge-ordered matrix.
This phase diagram is in a good qualitative agree-

ment with many experimental results for real mangan-
ites [3–6].

3. Tunnelling magnetoresistance in a
phase-separated state

It is reasonable to assume that a charge transport
in a phase-separated state is dominated by electron
transitions between the droplets. A creation of a two-
electron droplet is associated with a Coulomb energy
barrier A ∼ e2/ε0a. As a result for A � kBT a tun-
nelling conductivity reads [7]:

σ ∼ ω0

kBT
exp

(
− A

2kBT

)
. (5)

A tunnelling magnetoresistance at low magnetic
fields behaves as [8]:

MR(H) ∼ H2

Tn
, (6)

where n varies from 1 to 5 depending on parameters of
the system.

In a strongly anisotropic case:

MR(H) ∼ H2Ha

T 5
, (7)

where Ha is an effective field of anisotropy. Such a tem-
perature behavior of magnetoresistance has been re-
cently observed in phase-separated La-Pr manganites
[9].

These results were obtained by taking into account
the dependence of the droplet radius on the mag-
netic field and the effects of spin-assistant electron
tunnelling. The latter are determined by the relative
orientation between a spin of a tunnelling electron and
a large magnetic moment of a FM droplet.

Note that a quadratic dependence of magnetoresis-
tance on magnetic field is in agreement with experi-
mental results [10,11].

At high magnetic fields the magnetoresistance at
first goes to saturation and then increases exponen-
tially:

MR(H) ∼ JzS

kBT
exp

(
AbH

10kBT

)
, (8)

where b = µbg/zJS.

4. Conclusions

Summarizing, we constructed a phase diagram for
manganites, which contains two extended regions of
small-scale phase separation.

We also calculated a tunnelling magnetoresistance
for a phase-separated state taking into account the ef-
fects of Coulomb blockade and spin-assistant electron
tunnelling.
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