
PHYSICAL REVIEW B 69, 136502 ~2004!
Reply to ‘‘Comment on ‘Experimental determination of superconducting parameters
for the intermetallic perovskite superconductor MgCNi3’ ’’

Z. Q. Mao, M. M. Rosario, K. D. Nelson, K. Wu, I. G. Deac, P. Schiffer, and Y. Liu
Department of Physics, The Pennsylvania State University, University Park, Pennsylvania 16802, USA

T. He, K. A. Regan, and R. J. Cava
Department of Chemistry and Princeton Materials Institute, Princeton University, Princeton, New Jersey 08540, USA

~Received 15 January 2004; published 29 April 2004!

This Reply responds to the criticism raised by Yu. G. Naidyuk in the preceding Comment@Phys. Rev. B.69,
136501~2004!#.

DOI: 10.1103/PhysRevB.69.136502 PACS number~s!: 74.70.Dd, 74.25.Dw, 74.25.Bt, 74.50.1r
c

p

he

-

ol
,
e

R
th
lly
d
de
h
er

-
ho
to
n
u

sti
-

ou
r-
s
m
p
-

i
s
th

f
lk

t

ew
ted

h
, this
me

n-
e

al
P

e
6,
ted

-
ting
We recently reported1 our electrical transport, specifi
heat, and tunneling measurements on MgCNi3 . From these
measurements we determined parameters of this new su
conductor. In addition, we concluded that MgCNi3 is a
strong coupling superconductor based on the specific
data.

Naidyuk’s Comment2 specifically concerns our interpreta
tion of the zero-bias conductance peak~ZBCP! observed in
the tunneling spectrum obtained on single-phase, but p
crystalline MgCNi3 . In our paper,1 we clearly stated that
although the observed ZBCP could be due to the presenc
surface Andreev bound states~ABS’s! originating from an
unconventional pairing state, the interpretation wasnot con-
sistentwith the observation of a coherence peak in the NM
1/T1 measurements. As an alternative we pointed out
multiple-band superconductivity proposed theoretica
within an s-wave pairing scenario3 could have also cause
the observed ZBCP. Naidyuk proposed a different mo
based on heating effects. We would like to point out here t
the proposed heating model is not applicable to our exp
ment.

Naidyuk showed adI/dV vs V spectrum and the tempera
ture dependence of junction resistance between amorp
Zr2Ni ribbon and a Cu tip that exhibited features similar
those seen in our MgCNi3-W mechanical contacts. Based o
this, Naidyuk questioned if a tunnel barrier existed in o
mechanical contacts. In fact, Gloos raised the same que
in a Comment4 on the ABS interpretation of the ZBCP ob
served in a heavy-fermion superconductor UBe13 ~Ref. 5!
and this was shown to be irrelevant.6 Naidyuk employed the
Wexler formula to estimate the tip size as Gloos did.4 While
the estimated tip size turned out to be consistent with
experimental value, this is likely coincidental. Wexler’s fo
mula is based on the assumption that the two electrode
the junction should have at least similar Fermi liquid para
eters and resistivity. This assumption clearly does not ap
to our experiment—MgCNi3 and W are very different mate
rials.

Naidyuk further argued that heating effects might dom
nate the behavior of our mechanical contacts and sugge
that the measured junction conductance was essentially
of the bulk. However, if this was indeed the case,dI/dV at
zero bias would depend only on bulk resistivityr(T), reach-
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ing the maximum whenr(T) reached zero. From the inset o
Fig. 1 in Ref. 1, it can be seen that the resistivity of bu
MgCNi3 dropped to zero at 7 K. ThereforedI/dV would
have reached maximum at 7 K and remained a constant a
lower temperatures. This isinconsistentwith the experimen-
tal observation: The ZBCP observed experimentally gr
gradually with decreasing temperature. Naidyuk also sta
that the decrease indI/dV with increasing bias voltage
~therefore larger current! was due to the continuous growt
in the normal phase as temperature was raised. However
picture cannot explain the presence of a dip in the sa
spectrum.

It is important to note that features observed in the tu
neling spectrum of MgCNi3-W mechanical contacts wer
also found in planar MgCNi3 /Al2O3 /Au junctions, as
pointed out in Ref. 1. In these planar junctions the therm
effects should be irrelevant. However, a significant ZBC
was observed~Fig. 1!. Two important features should b
noted in Fig. 1. First, the normalized height of ZBCP is
much greater than the normalized maximum height expec

FIG. 1. Tunneling spectrum of a MgCNi3 /Al2O3 /Au planar
junction normalized by (dI/dV)n , the normal-state tunneling con
ductance. The junction is a planar junction prepared by evapora
a 100-Å-thick insulating Al2O3 and a 500-Å-thick Au evaporated
on polished MgCNi3 surface.
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for conventional Andreev reflection ZBCP, (dI/dV)s /
(dI/dV)n52. Second, thedI/dV shows a steep drop aroun
1.5 mV. This energy scale is the same as the character
energy Ec we defined in Ref. 1. These features are fu
consistent with those found in MgCNi3-W mechanical con-
tacts.

Finally, we would like to stress that MgCNi3 was identi-
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fied as a strong coupling superconductor in our paper1 based
on specific heat rather than tunneling data.Ec , defined in the
tunneling spectrum, was carefully referred to as a charac
istic energy scale rather than the superconducting ene
gap. We stated that ifEc indeed corresponded to the gap,
would provide an additional support to our strong-coupli
conclusion, a statement that remains correct.
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