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Symmetry and temperature dependence of the order parameter in MgB
from point contact measurements
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We have performed differential conductance versus voltage measurements of AupeigBcontacts. We
find that the dominant component in the conductance is due to Andreev reflection. The results are fitted to the
theoretical model of BTK for as-wave symmetry from which we extract the value of the order parani&jer
and its temperature dependence. From our results we also obtain a lower experimental bound on the Fermi
velocity in MgB,.
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Recently superconductivity was discovered in magnesiun3. The point contacts were obtained using an Au tip mounted
diboride by Nagamatsat al! with a critical temperaturd,  on a differential screw. Details on the technique can be found
of 39 K. The discovery was followed by weak link measure-in Achsaf et al® Prior to the measurement the sample was
ments in the tunneling regime. Rubio-Bollingetral? used a  polished with a silicone carbide pap@500 grib. I (V) char-
scanning tunneling microscog8TM) to measure tunneling acteristics of the contacts were measured digitally and differ-
into small grains of MgB embedded in a gold matrix. The entiated numerically using a computer program. Each mea-
measurement was done at a temperature of 2.5 K. A good fiurement comprises of two successive cycles in order to
was found to the BCS model with swave symmetry gap check for the absence of heat_lng hystere3|s effects. The con-
(A=2 meV). Sharoniet al® used STM to measure a bulk ductance curves are symmetrical with respect to voltage. All

sample of MgB at T=4.2 K. They also found a good fit to a figures show the spectra after normalization, the conductance

BCS model with an isotropic order parameter of a Iargerdata being divided by the value of the conductancevat

: N >A, where it reaches a constant value.
amplitude @=5-7 me\_/). We report here on the tem_pera- In Fig. 1 we show the differential conductance of the
ture dependence of point contact measurements on,NfgB highest resistance contaB (V=25mV)=45Q at a tem-
the Sharvin limit! From these measurements we extract th

erature of 4.2 K. The data was fitted usingsawave sym-
temperature dependence of the order parameter and calcul try order parameter with=4 meV, Z=0.9, and a smear-

a lower bound fo_r the Fermi yelocity in MgBThe resulting ing factorT'=2 meV. Figure 2 shows the data for a contact
spectra can be fitted according to the BTRef. 9 formal-  \yith a resistance oR (V=25mV)=24Q at a temperature
ism with ans-wave symmetry order parameter, with ampli- 5 4 2 k. Fitting parameters ar&é=3.8 meV, Z=0.75, and
tudes in the range of 3—4 meV &< T, . The barrier param- =1 5meV.

eter Z=H/fvge (where H is the height of the potential  |n Fig. 3@ we show the characteristics of our lowest
between the normal metal and the supercondiotatues  contact, measured at 7.4 K. The contact resistance was
obtained were between 0.57 to 0.9, indicating a dominang (v=25mV)=9 ). The data was fitted wits-wave sym-
Andreev reflectiof component in the conductance. Andreev metry A=3 meV, Z=0.57, and’'=0.75meV. As explained
_reflec_tion is a unique property of a superconducting mate_ria|_ivn Ref. 5, the barrier parametét, obtained from the fit to the

in which a phase coherent state consisting of Cooper pairs igxperimental curves, results both from inelastic scattering in
formed belowT. This reflection occurs at the interface be- the contact and from the mismatch of Fermi velocities be-
tween a normal metal and a superconductor. An electron aggeen the two electrodes. In addition Ref. 5 gives a formula
proaching the superconductor from the normal metal withyhich takes into account both of these effe@sy=[Z2+(1

energy smaller than the energy gap of the superconductaryy/4r11/2) whereZ represents the barrier scattering and
cannot enter as a quasiparticle into the superconducting con-

densate. Instead the electron is reflected as a hole and a Coo- 1.20]

per pair is added to the condensate. This process results in an 8 1 15]
increase of the conductivity of the contact for voltages § '
smaller thenA/e (wheree is the electron chargeThis is E 1101
different from the case of a tunnel junction, in which one © 1.059
measures a decrease in the conductance baloresulting S 1.004®
from a decrease in the density of states of quasiparticles in £ 0.95

=}

P4

the superconductor.

The MgB, sample that we measured is of the same source
as that used in Ref. 3 and was prepared following the proce-
dure reported in Ref. 7. The superconducting transition found FIG. 1. Normalized conductance versus voltage of Au/MgB
by a magnetization measurement gdye= 39 K.% Details on  contact measured at 4.2 R(V=25mV)=45( (circles. BTK fit:
sample preparation and characterization can be found in Rek =4 meV, Z=0.9, T=4.2K, andl'=2.0 meV (line).

0.90

0163-1829/2001/64)/0605063)/$20.00 64 060506-1 ©2001 The American Physical Society



RAPID COMMUNICATIONS

A. KOHEN AND G. DEUTSCHER PHYSICAL REVIEW B64 060506R)
1.30 1]
g 125, ? Lol
2 1.20-
= 4
& 115, =t 2"2
3 1101 ) 0'4_
£ 1.051 <
<} » 0.2
Z .00 KHimE
530 20 10 0 10 20 30 oo
VimV] 0.00.1020.304 0.% /%6 0.70.8 09 1.0 1.1
FIG. 2. Normalized conductance versus voltage of Au/MgB ¢
contact measured at 4.2 R(V=25mV)=25() (circles. BTK fit: FIG. 4. Amplitude of the order parameték) as a function of
A=3.8meV,Z=0.75,T=4.2K, andl'=1.5meV (line). temperature. Data of the contact presented in FiggBares BCS

fit with A(T=0)=3 meV andT,=29K (line).
is the ratio of the Fermi velocities. The value obtained from
the fit to the experimental data B.;. Using our lowest Fermi velocity of Au(Ref. 9]. This in agreement with the
obtainedZ value of 0.57 we find that<3, which gives for  value of the average Fermi velocity of 480’ cm/sec cal-
the Fermi velocity of MgB a lower bound of 4.7 culated by Kurtuset al® At voltages above 6 mV the BTK
X 10" cm/sec[where we have used 12x410° cm/sec as the theory fails however to explain the data. First the measured
conductance rises above the BTK fit until it reaches a maxi-
mum separation around 8.6 mV, then it crosses the fit line
and continues below it until a maximum separation at around
15 mV. The data and the fit join around 20 mV. This behavior
is seen both for negative and for positive bias. As this phe-
nomenon is not observed in the other contaéig. 1 and
Fig. 2), we cannot be sure whether it is related to intrinsic
' properties of the material, as for example due to the bosons
Woltamemvr © 20 mediating the attractive el-el interaction, or if it is due to a
local effect specific for this contact. We subsequently mea-
sured the same contact at different temperatures: 10, 14,
and 25 K. This is shown in Figs(B), 3(c), and 3d). We find
that the resistance at high voltage is constant at the different
temperatures. We used the safhend the samé&, as for the
7.4 K measurement and changed oAlgndT, to fit the data.
From this procedure we were able to extrAcas a function
30 10 0 10 20 of temperature in Fig. 4. We were able to fit the data to the
Voltage[mV| BCS prediction using\(0)=3 meV andT.=29K. This T,
' ‘ ‘ is lower then the bulk critical temperature of 39 K. However,
if we assume that the highest gap value we measured of 4
meV corresponds to the bulk, and thatA is proportional to
a local T, we getT. (A=3 meV)=(3/4)xX39=29.3K. This
is then in agreement with our fitted value. In any case, the
value of T, predicted by the weak coupling limit,
A(0)/kgT=1.76, for A(0)=3 meV is 19.8 K, while our
data show thafl; of the contact is definitely above 25 K.
This gives an upper limit to the ratid(0)/kgT. of 1.4,
lower than the BCS weak coupling value of 1.75. We obtain
for A(0)/kgT, the same value of 1.4 if we use our highest
measured value af =4 meV andT =39 K. Using the BCS
expressiorég=r%vg/7A, and our lower bound fov=4.7
x 10" cm/sec, givest,=250A. This value is smaller than
the mean free path value of 600 A given by Ref. 11; thus we
20 find that MgB, is intrinsically in the clean limit, since the
value of &, that we calculated is independent of the mean
FIG. 3. Normalized conductance versus voltage of Au/Mgs free path. The value of the mean free path is also larger than
contact measured as a function of temperattRév=25mv)  the size of the point contaet=20 to 40 A, which we calcu-
=90 (circles. BTK fitt Z=0.57 andl'=0.75meV(line). (& T late from the measured contact resistance and the fited
=74K, A=3meV; (b) T=10K, A=3meV; (c) T=14K, A value.[Using the relation®R,=Ry(1+Z?) andRy=pl/4a?
=2.7meV;(d) T=25K, A=1.8 meV. (Ref. 5 and the value fop from Ref. 14. Our contacts are
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thus in the Sharvin limit&<<l). with the BCS prediction. However, an upper limit on the
In conclusion we showed data of l0%, point contact ratio 2A(0)/_kBT of 2:8_is found which is smaller than the
measurements on MgBThe data was fitted using the BTK BCS weak limit prediction.

model for ans-wave symmetry order parameter. The data has We would like to thank I. Felner for supplying the MgB

a dominant component of Andreev reflection, which isasigrgample and I. Felner, O. Millo, and A. Sharoni for useful
of a phase coherent state formed by the electrons. Fro thegiscussions. This work was supported in part by the Heinrich
value of the fit, we calculated a lower bound of 4.7 Hertz-Minerva Center for High Temperature Superconduc-
X 10" cm/sec for the Fermi velocity MgB The temperature tivity, by a grant from DARPA and ONR, and by the Oren
dependence of the order parameter amplitude is consisteRamily Chair of Experimental Solid State Physics.
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