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Abstract

Resistivity measurements performed under pressure on high quality single crystals gSiceRs reported. Pressure-
induced superconductivity is observed in the range 2—7 GPa with an opfinn&éb20 mK at 5.1 GPa. The superconducting
properties of the sample as well as its peculiar zero pressure resistivity are tentatively linked to its pre@i8hElsevier
Science Ltd. All rights reserved.
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1. Introduction larger unit-cell volume, its isoelectronic counterpart
CeCuyGe, [6] was subsequently found superconductor
Superconductivity, appearing at the verge of magnetic under pressure at 7.7 GPa. The same kind of behavior was
instability, is an exciting topic in condensed matter physics also found for CeRJ8i, [7] at 0.9 GPa. CeNGs, is still
since it definitively provides new routes for electronic pair- under investigation and may show some traces of supercon-
ing apart from the BCS electron—phonon interaction [1,2]. ductivity at ambient pressure [12] as well as above 1.5 GPa
Among these systems, the so-called heavy fermion (HF) [13-15]. The discovery of superconductivity in CeBil
compounds are good candidates for exotic superconductiv- under a pressure of 2.7 GPa [8,9] was a “tour de force”
ity because of the effects of strong Coulomb repulsion and since this compound was studied for more than a decade
spin—orbit coupling. These compounds are named after the with a lack of reproducibility in the experimental results
realization, at low temperatures, of a coherent state among obtained [10,11]. Our motivation was thus to carry out
localized (4 or 5f) and conduction (d) electrons, which is  extensive metallurgical investigation on this compound. In
experimentally well described in the framework of the this work, we confirmed the pressure-induced superconduct-
Landau Fermi-liquid theory. More and more HF compounds ivity in high quality samples of CeR8i,, a behavior only
are known to undergo a superconducting transition under observed so far by the Cambridge group [8]. We will focus
pressure [3]. The extensively studied CAM family here on the link between thE-P phase diagram obtained
(where M is a transition metal and & Si, Ge) provides and the metallurgy. Results relevant to heavy fermion
the opportunity to realize various kind of antiferromagnetic physics (effective mass, non-Fermi liquid behavior, critical
order by changing M and T [4]. It is then possible to drive field) will appear in a forthcoming publication.
the Neel temperatureTy, to zero (by doping or applying
pressure) and to reach a quantum critical point (QCP) where
superconductivity may emerge. Among these compounds

' 2. Sample preparation
CeCuySi, is an ambient pressure superconductor [5]. With a ple prep

Polycrystalline ingots of CeR8i, were synthesized start-
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0038-1098/99/$ - see front matt€r 1999 Elsevier Science Ltd. All rights reserved.
PIl: S0038-1098(99)00412-3



618 S. Raymond et al. / Solid State Communications 112 (1999) 617—-620

50 peaks implies that the amount of impurities is lower than
CePd23i2 P=0 ~ 2% in volume. A good refinement was made with the
40 ThCr,Si, structure (space grodpl/mrpn) [17]. The Iattige
Py parameters found ara= 4.20012) A, c = 9.879829) A
e and the fractional coordinate of Si B= 0.378931). No
o 30 inversion disorder was found with the Ce, Pd and Si on
% the 2a, 4d and 4e sites, respectively. The Bragg peaks
~ 20 were found to be larger along thedirection, a size effect
< due to the platelet structure of the crystal growth.
10 SEM imaging, together with microprobe analysis, were
8 carried out on platelets of the same batch. These measure-
0 . “9 ments confirm the overall good quality of the sample. In
0 100 200 300 particular no other phases were found within a platelet and
T (K) between the sheets that compose the platelets. On the typical
pressure-cell sample size (1), the platelet corresponds
Fig. 1. Basal plane resistivity versus temperature of GBRdThe to a single grain. The composition is very close to 20—40-40
low temperature part is shown in the inset. The arrow indicates the with an apparent deficiency in Si for some platelets. It is of
antiferromagnetic transition & = 10.6 K. the order of 1.5% for a piece adjacent to our sample, that is

to say within the accuracy of the method.

Finally, a third characterization was made via the ambient
pressure (basal plane) resistivity measurement itself. A
platelet (415x 110x 70um®) with a resistivity ratio

guantities (= 5 g) were melted in order to get a weak curva-
ture on the top of the ingot. This allows the self-nucleation
of platelets, .which turn out to be monocrystalling grains (p(300 K)Ip(4.2 K) of 13 was measured at ambient pressure
with the c-axis of the t_etragonal structure perpend_lcular to using a d.c. technique with a traditional four-point method
the platelet_ as established by X-ray I__aue technique. The down to 50 mK. The temperature variation of the resistivity
polycrystalllne batches were hung .Wlth a tungsten wire is shown in Fig. 1 up to 300 K. If we now consider the
'rf(')'fif S s;Jsceptometelr_ of a high ;ljgu#m 1%8"’1% residual resistivity ratio, RRR, i.(300 K)/p,, a value as
(Aft m :r) or anl annealiing treat:jnent 0 hat latel large as 24 is found. It means that the resistivity drops by a
erwaras, a se ection was ma ¢ among t € p.ate.ets factor of almost 2 (24/13) between 4.2 K and the lowest
obtained from the batch taken for criterion, their resistivity temperatures. The room temperature basal plane resistivity
ratio p(300 K)/p(4.2 K). For this purpose four indium _ of CePdSi, is 47+ 2 cm (a value we confirmed on
contgcts were soldered on tens of platelets. The best ratio several platelets). The(T) curve is significantly different
obtained was nearly equal to 20 while most of the platelets from previously reported results [10,16,18] since no
have a ratio of the order of 8. The platelets selected in this increase (ascribed to Kondo scattering),is %ound abye
way were cut and polished to the desired size for high-pres- 5, 4, contrary, the resistivity of our sample is found to

. 3 .
51|J|re meatsurements, t:\yplcal_lyt_ Q?UQ;T_ZO;J,m. This ; monotonically decrease from 80 K down to the lowest
allows us to measure the resistivity within an accuracy o temperature. To this respect the behavior found is closer

10%.gis.WOJthwrile Fohnor;[e thatSUCh.QOOd rers]is(;ivcijty ratlit())sd to the one reported by the Cambridge group for samples
are obtained only with the preparation method described |0 o superconductivity is induced by pressure. Another

?boviand notalTIy a relatilyely Tiggnfflea;gzatme;t temp(tera- common feature is the quite large valueTefmarked by a

ure. For example, annealing at Stiior 10 days does no kink in the resistivity curve at 10.6 K as shown in the inset
significantly produce such resistivity ratios. Single crystals of Fig. 1. Values down to 8.5 K were found in samples
of CePdSi, obtained with the Czochralsky pulling method which show a lower RRR [10,16,18]. Compared to these

have so far low resistivity ratio [10,16]. earlier studies, it seems that samples with a low residual
resistivity have a slightly higheTy and no maximum of
resistivity aboveTy.

3. Sample characterization

X-ray diffraction experiment on a powder sample crushed 4. T—P phase diagram
from the initial batch was performed at the Swiss-Norvegian
beamline of the European Synchrotron Radiation Facility, =~ Two samples (458 70x 20 um®) were put in a tungsten-
Grenoble. The wavelength used was: 0.69706A and the carbide anvil cell using steatite as the pressure transmitting
counting time was 5 s/step for a spinning capillary of medium and a pyrophyllite gasket. Pressure was measured
diameter 0.3 mm. Such measurements allow us to study via the superconducting transition of a lead manometer.
with a great precision the structure of the sample. In parti- Four-point d.c. resistivity measurements were carried out
cular, the low background and the absence of any impurity with picovoltmeters P12 from EM electronics. Resistivity
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Fig. 2. Low temperature basal plane resistivity of Cg&rdfor

: ; ' K Fig. 3. The temperature—pressure phase diagram of SePldnes
various pressures showing the superconducting transition.

are guides for the eyes. The inset shows the basal plane resistivity
for two pressures where superconductivity is observed. At 1.8 GPa
both an antiferromagnetic and a superconducting transition
is measured in the basal plane due to the geometry of the temperature can be defined.
platelets. The value of the measuring current was between
10 pA and 1 mA depending on the temperature range. Since
the results obtained on the two samples are very similar, we 40% at 4.1 GPa. For this pressure the resistivity ultimately
will describe here the behavior of one of them and will shows an upturn and almost a saturation at lower
briefly comment on the differences with the other in Section temperature (below 350 mK). At 4.1 GPa, the width of the
5. The first point to note is the degradation of the RRR when “transition” between the upper and lower plateau is of
the sample is pressurized. In such a cell, the electrical the order of 150 mK, that is twice the width measured
contact between the sample and the measurement wires ison the lead manometer. This emphasizes the occurrence
supplied by the pressure itself. We thus do not have the of an intrinsic physical width beyond the one of the
ambient pressure RRR of the sample made out of the platelet pressure gradient in the cell (of about 0.1 GPa at
with a p(300 K)/p(4.2 K) ratio of 20 that is to say an 1 GPa evaluated from the manometer). Finally this transi-
expected RRR of 30—-40. Nevertheless an extrapolation of tion disappears at higher pressure and is no more observed at
the RRR measured under pressuréte: 0 would give an 7.5 GPa.
ambient pressure RRR of 17, i.e. half the expected value. The transition temperaturek. (obtained via a tangent
Either the small cut sample does not reflect the properties of criterion i.e. similar to an onset criterion) afig (obtained
the larger platelet, or the polishing and cutting work alters via the first derivative of the resistivity) are shown in Fig. 3.
the sample quality. Compared to the literature, this result is An optimum T, of 520 mK is reached at 5.1 GPa. Another
still good and superconductivity was indeed observed under finding of these measurements is that signs of magnetism
pressure in this sample. and superconductivity coexist at low pressure. This is shown
Low temperature resistivity data are shown in Fig. 2 for in the inset of Fig. 3 for a pressure of 1.8 GPa where both a
various applied pressures. For the upper curve correspond-kink and a drop of the resistivity are observed allowing to
ing to an applied pressure of 2.2 GPa, a 15% drop of the define at a same timeTg and aT, value without any hint on
resistivity is observed &"**'= 300 mK and is interpreted  the nature of this coexistence (intrinsic or phase separation).
as the entrance in the superconducting state following the A curve at 4.1 GPa in the non-magnetic state is shown in the
results of the Cambridge group. This drop is in fact already same figure for comparison. The other important result is the
observed at 1.8 GPa (not shown for clarity). At higher pres- large pressure range where superconductivity is observed
sure, the value of the drop increases and reaches a value of(2—7 GPa).
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5. Discussion about 30 mK. If this is due to impurity pair-breaking effect,
the corresponding rate of depressionTpfs 0.07 Kj.{) cm
First, we emphasize the differences with the work of the which is of the order of a crude estimate in a scenario of
Cambridge group where the pressure-induced superconductiv-impurity pair-breaking for HF compounds [23]. This may
ity is observed in a narrow range (2.2—3 GPa) [8]. Here, we point out, among other phenomena, the importance of pair-
observed a much larger superconducting domain, a result breaking effect on the coherent HF state and the need for low
compatible with measurements performed on G8Gu RRR in order to induce the superconductivity with pressure
using the same technique [20]. Indeed, the “unified” picture in CePdSi, in particular.
of pressure-induced superconductivity in the Ge&M
compounds was already stressed out from resistivity and ther-
mopower measurements [6,7]. The simplest picture is that 6.C
pressure alone allows to match the behavior of these
compounds with different unit-cell volume whatever the
complexity of their electronic structure. Such an idea is
based onthe Doniach diagram from where only one parameter,
the f—d exchangé, is relevant to describe the magnetic non-
magnetic boundary [21]. A consequence of this large domain
observed is an apparent separation between the magnetic QC
estimated to be at 3.5 GPa, by extrapolafiRgo O K, and the
optimal pressure for superconductivity i.e. 5.1 GPa. The draw-
back of our measurement is the finite resistivity found at the
lowest temperature and the upturn toward a saturation of the
resistivity seen around the optimal pressure for superconduc-
tivity. We do not correlate this result with any structural or
metal!urgiqal properties of the sample. In particular, X-ray and Acknowledgements
SEM imaging do not reveal other phases in the platelets or
exhibit hints for filamentary originated effects. Concerning the
effect of the pressure gradient, the initial sloper{P) can
give some evidence for the occurrence of shear stress on our
sample. Using the Ehrenfest relatioiia@ddP can be linked to
the jump of the coefficient of thermal expansion Rt

onclusion

In this work, the pressure-induced superconductivity of
CePdSi, was reproduced on high quality single crystals. The
new points stressed by this study are: (i) the coexistence of signs
ofmagnetismand superconductivity atlow pressure; and (i) the
large pressure range (2—7 GPa) of superconductivity. We
'ynked this behavior to alow ambient pressure residual resistiv-

ity. ltseemsalsothatagood candidate for superconductivity has
peculiar ambient pressure behavior: a Higl{10.6 K) and no
increase of the resistivity abovg. These results need further
investigation, for instance the use of more hydrostatic condi-
tion using helium as transmitting pressure medium.

This work is partly supported by the Swiss National
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