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Abstract

We investigate numerically the spin-polarized tunneling effect in ferromagneic metal / insulator / dx2−y2−wave
superconductor (FM/I/d-wave SC) junctions. It is shown that the height of the zero-bias conductance peak owing
to the zero energy states is depending on the magnitude of the exchange potential and the randomness near the
junction interface.
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One of the most remarkable feature of d-wave super-
conductor junctions is the zero-bias conductance peak
(ZBCP) [1–3]. The origin of the ZBCP is the zero-
energy states (ZES) formed at interfaces of d-wave su-
perconducting junctions [4]. Spin-dependent transport
properties in ferromagnetic metal/d-wave supercon-
ductor (FM/I/d-SC) junctions have been received con-
siderable theoretical and experimental attentions be-
cause recent nano-technology enables hybrid structures
between Mn oxides compound and high-TC supercon-
ductors. It has been revealed by recent theoretical stud-
ies [5–7] that the ZBCP in FM/I/d-SC junctions is
suppressed by the exchange potential in FM. However,
these theoretical studies assume that FM/I/d-SC junc-
tions are in the clean limit. The purpose of this paper
is to investigate effects of randomness on the ZBCP in
FM/I/d-SC junctions. We consider a FM/I/d-SC junc-
tion as shown in inset of Fig. 1. The junction is stacked
along the (100) direction of a square lattice. A single-
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orbital tight-binding model is used to describe the sys-
tem. The effective mean-field (BCS) Hamiltonian H ≡
H + ∆ is given by

H = −t
∑

l,m,σ

(
c†l+1,m,σcl,m,σ + c†l,m+1,σcl,m,σ + H.c.

)

+
∑

l,m,σ

vl,mc†l,m,σcl,m,σ − µn̂ , (1)

∆ =
∑

l,m,l′ ,m′ ,σ

∆m,m′
l,l′ cl,m,σc

l′,m′ ,−σ
, (2)

where (l,m) are lattice indeces, σ =↑ or ↓ denotes the
spin of an electron, t is the hopping integral, vl,m is the
potential at (l,m), µ is the chemical potential, n̂ is the

number operator, and ∆m,m′
l,l′ is the pair potential. In

this paper, the length is measured in units of the lattice
constant a and the energy is measured in units of t. We
consider junctions where the orientation angle between
the (100) direction and the interface normal is π/4 as
depicted in inset of Fig. 1. In these junctions, the pair

potential∆m,m′
l,l′ is given by (−)∆0 for l = l′ ± 1,m =

m′ ± (∓)1 and 0 for otherwise. The exchange poten-
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Fig. 1. Random potential Vdis dependence of zero-bias con-

ductance. The magnitude of Fermi energy and the length of

random region are setted EF = −2.5 and Ld = 2.0, respec-

tively. The magnitude of exchange potential is (a) Vex = 0.0,

(b) Vex = 0.5, (c) Vex = 2.0.

0 0.5 1 1.5
0

0.5

1

1.5

Exchange potential Vex 

Z
B

C
P

/ 2

Fig. 2. Exchange potential Vex dependence of zero-bias con-

ductance for Vdis = 2.0 and EF = −2.5. The dotted line rep-

resents the result obtained for clean junction (Vdis = 0.0).

tial in FM is given by Vex = (v↑ − v↓) where v↑(↓) is
the on-site potential (−)vl,m for ↑ (↓). The random-
ness in FM is considered through random on-site po-
tentials vl,m. We assume that vl,m takes a random val-
ues uniformly distributed within ±Vdis/2 at disordered
region. We calculate numerically the averaged conduc-
tance < G > for various samples which have different
random configurations by using the Kubo formula [8,9]
and the recursive Green’s function method [10–12].

The averaged conductance < G > /M at the zero-
bias (ZBCP) are plotted in Figure. 1 as a function of
Vdis. The curve (a) indicates results of N/I/d-SC. The
curve (b) and (c) denote results of FM/I/d-SC junc-
tions, where Vex = 0.5 and 2.0 in (b) and (c), respec-
tively. In N/I/d-SC junctions, the height of the ZBCP
monotonically decreases with increasing Vdis as shown
in curve (a). The height of the ZBCP is drastically sup-
pressed owing to the exchange potential and random-
ness as shown in curve (b) and (c). Furthermore, the
height of the ZBCP in FM/I/d-SC junctions has a non-
monotonic dependence on Vdis for large Vex as shown

in the curve (c). In the limit of strong randomness,
(i.e.,Vdis � 1), the height of the ZBCP in FM/I/d-SC
approaches that in N/I/d-SC because the diffuse re-
flection by the random potential becomes rather dom-
inant than the effects of the exchange potential.

Figure 2 shows a relation between the averaged
ZBCP and Vex, where Vdis = 0 and 2.0 in a dotted and
a solid line, respectively. The height of the ZBCP is
monotonically decreases with increasing Vex. For large
Vex, ZBCP in disorderd junctions is larger than that
in the clean junctions. The retro-reflectivity of the
Andreev reflection (AR)[13] is responsible for ZES. In
FM/I/d-SC, the retro-reflectivity is seriousely broken
by the exchange potential which leads to the suppres-
sion of the ZBCP. In disordered junctions, however,
the retro-reflectivity is slightly recovered by the disor-
der near the interface since the momenta parallel to
the interface is no longer conserved. Thus the ZBCP
in the disordered junction is slightly larger than that
in the clean junction.

In summary, we have studied the effects of disorder
near the interface of the FM/I/d-SC junctions on the
ZBCP. The enhancement of ZBCP originates from the
fact that the breakdown of the retro-reflectivity of the
AR is recovered due to the random scattering of quasi-
particles.
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