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Using nanoporous media as templates for electrodeposition, we have fabricated multilayered Pb/Cu
nanowires 50 nm in diameter and 20n long with Cu layer thicknesses as low as 10 nm. This was
achieved by using a single-bath technique and a precise selection of the copper deposition potential
to limit the redissolution of lead when the potential is raised to electrodeposit the more noble metal.
Such superconductor/normal multilayered nanowires show interesting magnetoresistance properties
at a low magnetic field that may be related to the proximity effect, which can therefore be
investigated in a quasi-one-dimensional geometry.

© 2005 American Institute of PhysidDOI: 10.1063/1.1900953

Studies of high-aspect-ratio nanowires synthesized byguch as Ni/Cu or Co/C(Ref. 1), Pb tends to dissolve com-
electrodeposition into templates have revealed very interespletely at the usual potential corresponding to copper depo-
ing behaviors associated with their reduced dimensionalitysition. Therefore, we found that a precise selection of the
In particular, there has been a huge interest in the study gfotential for the deposition of Cu is needed to avoid the
magnetic nanowires, in which the characteristic dimensionsedissolution of Pb as much as possible.
are comparable to the scaling lengths in magnetism or spin- The electrolyte consists of an aqueous solution with
polarized transpor’tRecentIy, the template method has been0.85 mol/l of lead sulphamat¢Ph(NH,SO;),] and 2.4
also used to fabricate arrays of superconducting nanowires< 10°3 mol/l of copper sulphamat¢Cu(NH,SO;),], ob-
whose diameter is comparable to the characteristic supercotrined by the reaction of lead carbon&®bCQ;) and copper
ducting lengths, i.e. the magnetic penetration lengtand  hydroxide[ Cu(OH),] with sulphamic acid in excess. Under
the coherence length Such nanowires are indeed of special our conditions, Cu starts to deposit significantly at about
interest for studying size effects on the superconducting-to-0.1 V versus an Ag/AgCl reference electrode, while Pb
normal state transitionpn flux-line penetration in a confined deposition begins at —0.372 V. Therefore, we used a poten-
geometry or on phase-slip mechanismhis electrodepo- tial of —0.45 V to deposit Pb at room temperature and with-
sition technique offers the advantage of allowing not only theout stirring. A range of potentials were tried to further de-
fabrication of nanowires made from a single metal but alsgosit Cu on Pb layers. Figure 1 compares the cathode current
complex structures, such as multilayers. Indeed, nanowiresansients resulting from potentiostatic pulses for two differ-
consisting of alterning magneticobal) and nonmagnetic ent deposition potentials for G&0.35 V and —0.37 V, both
layers(coppej have been prepared and investigatédore-  not sufficiently negative to deposit Pb. As can be judged by
over, in the film geometry, heterostructures involving thethe undershoot in current, while the redissolution effect is
combination of a superconductor and a normal m@#a\), a  pronounced at —0.35 V, it is much less at —0.37 V; allowing
ferromagnet, or another superconductor, have generated a libte growth of Pb/Cu multilayered nanowires. Since Pb and
of interest’ Here, we present a way to fabricate lead/copper
(S/N) multilayered nanowires 50 nm in diameter and a few
tens of microns long. Because their diameter is smaller than ] -0.35V 1 -0.45V 0.37V/-045V
or comparable ton and ¢ at all temperatures, they can be
viewed as one-dimensional heterostructures that may lead to <
interesting physical properties. E 7

The Pb/Cu multilayered nanowires were prepared by a =~ %]
single-bath electrodeposition technique into nanopores of ]

0.84

homemade track-etched polycarbonate membrawésused 01—J = -
a 21 um thick membrane with pore diameter €60 nm and . ‘ a0s s

a pore density of~2x 10° cm 2. Single-bath electrodeposi- W -
tion of multilayers can be performed by the use of a periodi- time

Ca”y Vlarylgg ;‘.‘”‘;”t or potent|3IWehused the potenthstatlc FIG. 1. Time evolution of the electrodeposition current when the potential
cpntro » W '9 Is known to .g|Ve a sharper concentratlon grasys Ag/AgCl reference electrode is switched between —0.35A\~0.37 V)
dient at the interface than in the case of a galvanostatic conor the Cu layer deposition and —0.45 V for the Pb layer deposition. Large

trol. However, contrary to the case of magnetic multilayers,current valuglabove 0.5 mA corresponds to Pb deposition, small but posi-
tive value(~10 uA) of the current corresponds to Cu deposition and large
negative value of the current corresponds to the dissolution of the previously
dElectronic mail: michotte@pcpm.ucl.ac.be deposited Pb layer during Cu deposition.
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FIG. 3. Resistive transition of two Pb/Cu multilayered single nanowires
50 nm in diameter, 2um long measured with lock-in amplifier technique.
Sample A is made of 15 bilayef80 nm Cu/1370 nm Pkand Sample B is
made of 140 bilayer$10 nm Cu/140 nm Pb

made of 15 bilayers with an average thickness of 30 nm for
FIG. 2. TEM micrograph of Pb/Cu multilayered nanowire 50 nm in diam- Cu layers and 1370 nm for Pb layers. Sample B contains
eter. Inset: Schematic representation of such nanowire where dots indicaggbout 140 PEL40 nm)/Cu(10 nm) bilayers. One can see that
the location where EDX local chemical analysis was performed using spofhe critical temperature is near the bull value of lead
size 20 nm in diameter. (7.2 K) and also that of pure Pb nanowirdsThough the
relatively wide resistive transitions can be attributed to ther-

Cu are not miscible, it is expected that this pulsed depositiofn@lly activated phase sligspart of the broadening is also
technique leads to sharp interfaces when Pb is deposited &¢rtainly due to the small depressionTefat the N/S bound-
Cu, but when Cu is deposited on Pb this interface is certain{?"€s in the limit of thick superconducting Iayé?_sFlgure 4
broader due to the slight dissolution. Characterization of0WS the magnetic field variation of the resistaiité!)
multilayered nanowires is done by dissolving the host poly-Pelow T for Sample A(H is applied parallel to the wire
mer membrane with dichloromethane. Energy dispersivéXiS- The overall dependence at 4.2Kig. 4@)]is symmet-
x-ray spectroscopyEDX) measurements in a scanning elec- ¢ and the critical fieldH, is around 0.7T, much Iarger than
tron microscope performed on a large number of nanowire§'c for bulk Pb(0.055 T at 4.2 K. This is due to the incom-
grown with this electrolyte at the constant potential of Pl€te Meissner effect as in the case of pure Pb nanowires of
~0.45 V show that the Pb deposit contains less than 2 wt %1€ same dimensichAs shown in Fig. 4b), particular fea-
of Cu. A small amount of Cu in the Pb layers is unavoidable!!’®S @ppear at a low magnetic field in the superconducting

with a single-bath technique; but is kept very small due toSt@te(which are not present aboig). They could be attrib-

the low concentration of Cu ions in the electrolyte comparedJted to the prOX|m|ty r(;:-ffec(see, n pf?drtmular, :jheong:ggatlve
to the concentration of Pb. Transmission electron microscopgwagnetore3|stance that appears fdr aroun .03 T.

(TEM) was then used to characterize the morphology of the
Pb/Cu multilayered nanowires. Figure 2 shows a TEM im- 275
age of such Pb/Cu nanowires, while the inset of Fig. 2 (a)
shows schematically the multilayer structure. The nature of
the layers was identified by EDX measurements done in the
TEM with a spot size of about 20 nm in diameter; the loca-
tion is represented by black or white dots in the inset. A
series of such local chemical measurements along the wire
allowed us to determine the average length of the Pb and Cu . il
layers. - -05 0 0.5 1
In order to make electrical transport measurements on Magnetic field H (Tesla)
single Pb/Cu multilayered nanowires, we used a self- 8
contacting techniqu¥. Indeed, in addition to the thick gold (b) .
cathode from which the nanowires start to grow inside the
pores, another contacting gold layer is deposited on the other
side exposed to the electrolyte. This contacting layer is thin
enough to ensure that it does not close the pores, so they can
be filled by the electrolyte. As the nanowires do not grow at
the same speed, the first emerging nanowire slows down the : . . . .
growth of the others by favoring the formation of a film on -0.08 -006 -004 -002 0 002 004 006 008
the contacting layer. This allows us to have a single nanowire Magnetic field (Tesla)
in co_ntact with the two g(?ld _Iayers o -WhiCh electrical con- FIG. 4. (a) Resistance vs magnetic field at 4.2 K of a Pb/Cu multilayered
tactis m?‘de thereby facilitating two-wire transp_ort measure_single nanowire 50 nm in diameter, 24n long alternating 30 nm Cu and
ments. Figure 3 shows the low-temperature resistance of tWps37o nm Pb layers. The magnetic field is applied parallel to the nanowire
different single Pb/Cu multilayered nanowires. Sample A isaxis.(b) Zoom at a low magnetic field value for three different temperatures.
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