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We study the effect of gap suppression near the surface on the conductance spectra of normal metal-{100}
and {110} d,2 j2-wave superconductor junctions using the scattering method. We find that for {100} junctions
the positions of the maxima of the spectra are not always at the gap maximum of the bulk. The positions
depend on the degree of the gap suppression at the interface. For {110} junctions, we find that the width of
zero-bias conductance peaks (ZBCPs) in the spectra depends on the magnitude of the gap function at the
interface of the junction. The ZBCP is absent when the gap function is totally suppressed at the interface. We
also find that the shape of the spectra depends on the slope of the order parameter at the interface.
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L INTRODUCTION

The anisotropy and phase change of d,2_z-wave symme-
try can result in pair breaking and thus suppression of the
order parameter near the surface. The degree of the suppres-
sion depends strongly on the surface orientation.! Interpret-
ing the results of the experiments that are sensitive to the
surface properties must then be done in a very careful fash-
ion. Tunneling spectroscopy is among these experiments.
The conductance spectrum of a normal metal-d 2_y2-wave su-
perconductor junction does not always resemble the bulk
density of states of the superconductor, as it does for isotro-
pic s-wave superconductors. Instead, it is proportional to the
local density of states and, therefore, depends very strongly
on the junction orientation. From the calculation in Refs. 2
and 3 for ab-plane junctions away from {100} interface ori-
entations of a d,2_,-wave superconductor, the conductance
spectra  should contain zero-bias conductance peaks
(ZBCPs), which indicate the formation of zero-energy
surface-bound states. These bound states result from the scat-
tering of quasiparticles at an interface to a new state with an
order parameter of opposite sign, as it is a signature of the
d,2_y2-wave order parameter.»> ZBCPs have been observed
in many tmneling experiments of high-temperature
superconductors.>'® However, in some ab-plane tunneling
experiments ZBCPs do not always show up (see, for ex-
ample, Refs. 19-23).

In all the surfaces away from {100} surfaces of
da2 p2-wave superconductors, the outgoing and incoming
quasiparticles experience the order parameter of opposite
signs. Assuming no distortion of the order parameter, the
existence of zero energy surface bound states is therefore
predicted to occur in such surfaces.” However, the assump-
tion that the order parameter is not distorted is not always
right. Even for smooth surfaces the d,2_s2-wave order param-
eter can be suppressed due to pair breaking.! The degree of
suppression depends on the surface orientation, i.e., at {110}
surfaces the suppression is complete, but there is no suppres-
sion at {100} surfaces.! Surface roughness is predicted to
also play a role in the suppression of the order parameter. It
causes some suppression in {100} surfaces and destroys the
total suppression in {110} surfaces.?4-28
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In this paper, we investigate the effect of the suppression
of the order parameter on the tunneling spectra of
dp2_y2-wave superconductors using the Blonder-Tinkham-
Klapwijk formalism,?® in which one finds the tunneling con-
ductance from the quasiparticle transmission coefficients at
the interface. We find that the degree of the suppression af-
fects the position of maxima of the conductance spectra of
junctions with {100} interface. Because the conductance
spectra of {100} junctions are normally interpreted to be the
density of states of the bulk, this would affect the determi-
nation of the measured gap maximum. We find that the maxi-
mum of the spectra appear at voltage corresponding to the
value of the magnitude of the order parameter at the inter-
face. Therefore with any suppression at all, the maxima will
appear at an energy smaller than the maximum value of the
parameter in the bulk. This result is similar to that from the
studies done on the dependence of the surface density of
states and/or conductance on surface roughness.?52728 For
{110} junctions, we find that the width of ZBCP depends on
the magnitude of the order parameter at the interface. If the
order parameter is completely suppressed, then the conduc-
tance spectra do not contain ZBCPs. This result is different
from that found in the previous studies,!252728 which obtain
the differential conductance from the local density of states.

In Sec. II, we briefly describe the model used to represent
the junction and method used to calculate tunneling conduc-
tance. We then present our results and discussion on {100}
and {110} junctions in Sec. III. In Sec. IV, we summarize
and comment on possible implications for the interpretation
of tunneling experiments.

II. MODEL AND METHOD

We represent our normal metal-superconductor junction
with an infinite system, half of which is a normal metal and
the other half is a superconductor (see Fig. 1). The junction
insulating barrier is represented by a delta function potential
with strength H. In our treatment, we ignore the effect of the
real Fermi surface. We assume our system is quasi-two-
dimensional and use the continuous model to obtain the
Fermi surface. The real Fermi surface would provide extra
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