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Proximity effects and Andreev reflection in a mesoscopic SNS junction with perfect NS interfaces
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Low-temperature transport measurements on superconducting film—normal wire—superconducting film
(SNS junctions fabricated on the basis of thin superconducting polycrystalline PtSi films are reported. Due to
the perfectness of SN boundaries in the junctions, zero bias resistance dip related to pair current proximity
effect and subharmonic energy gap structure originating from phase coherent multiple Andreev reflections have
been observed and studied.

Research activity in the study of properties of NS and We started with fabrication of ultrathin PtSi filméln
SNS junctiongwhere N is a normal metal and S is a super-Ref. 9 the superconducting transition is observed on PtSi
conductoy has increased significantly over the past fewfilms with film thicknesses down to 4 nifSmooth, continu-
years, mainly owing to technological advances in fabricatiorous, and uniform PtSi films with thickness of 6 nm were
of mesoscopic hybrid systems. Until now, all such system$ormed on Si substrates by deposition of a thin Pt layer fol-
have been made by a combination of different materials, fofowed by a rapid thermal annealing step at 450 °C for 60 s to
example, the superconductor—-normal metal pairs AfAg, convert the as-deposited Pt into PtSi. The films formed were
Nb-Al and Nb-Ag? superconductor—heavily doped semicon-polycrystalline, with an average grain size of roughly 20 nm.
ductor pairs Nm'InGaAs® Nb-n"InAs? Nb-p*Si®>® The samples used in the experiments are three Hall
Al-n*GaAs! and so on. That results in uncertainess aboubridges with 50 um in width and 100m in length. The
experimental parameters especially the quality of the intermain parameters of the films obtained from Hall measure-
faces between the superconductors and normal metals. Ongents atT>T,=0.54 K are presented in Table I. The dif-
of the important topics of the physics of NS and SNS junc-fusion constant is estimated assuming the simple free-
tions is the current-voltage characteristics behavior. Two inglectron model. As is seen from Table I, our PtSi films are
teresting phenomena can be observed from the dependengftal films with small mean-free path. It should be noted
of SNS differential resistance versus bias _voltageihat they have a hole-type conductivity.

(dv/dI-V): an anomalous resistance dip at zero BTd_sthe PtSi wires of lengthL=1.5 um and 6 um and width
so-called zero bias anomalyBA); and symmetrical dips at \y_ 3 ,m were fabricated by means of electron lithogra-
nonzero biaseS® In some cases the existence of tunnel bar- hy and subsequent plasma etching and placed in one of the

rier; at the NS intgrfaces doeg not give the possibility of the 5 bridges. For a schematic picture of the samples, and a
definite interpretation of experimental results.

In this paper we report the fabrication and study of SNS
junctions with perfect SN interfaces. By the statement that TABLE I. The basic parameters of the PtSi films obtained from
SN interfaces are perfect we mean the absence uncontrdii@!l measurements at>T.=0.54 K and physical quantities de-
lable barriers resulted from the structural imperfections. Théluced from themmean-free path, elastic scattering time, and
best way to obtain a perfect junction is to have both superd/ffusion constanD).
conducting and normal metal parts of an SNS junction mad% R 0 ol b |
of the same material. It is known that the wires made from - 3 T F 2
some thin superconducting metallic films can have the tran™™ () (cm™) © (cnt/s) — (nm)
sition temperaturel . less than that of the film itself. We ¢ 104 71022 8x10°% 15 6 1.2

have used this property to fabricate the ideal SNS junctions

0163-1829/2000/617)/113404)/$15.00 PRB 61 11 340 ©2000 The American Physical Society



PRB 61 BRIEF REPORTS 11341

dv/dl (Q)
M 1 M I 1 1 1
800
700
600
500
2800
2700 +
2600
2500
FIG. 1. (a) Schematic view of a junctiortb) SEM image of the 2400_'
PtSi wire with length 1.5.m and width 0.3um formed by electron | b L=6.0 um
beam lithography and subsequent plasma etching. 2300 P R S SR TR |
d L L T d T d T '
scanning electron micrograph of one of the structures, see 45 -0 05 00 05 10 15
Fig. 1. At T>T, the resistances of the wires afRy V (mV)
~610Q) for L=1.5um and Ry~2600Q) for L=6 um. FIG. 2. Differential resistance vs dc bias voltage for two

These values correspond to the wire sheet resistan&g of samples with the same widiv=0.3 um and different lengthga)
=120-130Q, that is slightly larger tharRy of the film  L=1.5um and(b) L=6.0 um, measured &af =35 mK.
itself. About ten samples were investigated. None of the
wires were superconducting downTe= 35 mK. The reason mined by the condition/=*2A/en, with (n=1,2,3...),
for that is not completely understood. The suppression of thevhereA is the superconducting energy gap. The dips corre-
superconductivity possibly results from the intrinsic stressesponding toV=*2A/e and=* A/e manifest in our case. The
in the PtSi films, which increase in constrictions. This sug-inset to Fig. 3 shows the temperature dependence of the po-
gestion is supported by the enhancement of the PtSi shesitions of these dips. It actually reflects the dependence of the
resistance. Maybe there is another reason of the losing sguperconducting gap(T) and strongly supports the SGS
perconductivity in the wires. Nevertheless, after the processaature of the dips. The results presented above show that
ing we have aff<T, the SNS junctions, which consist of SGS is clearly observed even in the case of diffusive trans-
two superconducting seas connected by the normal metglort with very small mean-free pattwe havel/I~1.3
PtSi wire. X 10° for the short wir¢ due to a large phase coherence
The measurements were carried out with the use of $ngth. This shows that in the SNS junctions under study the
phase-sensitive detection technique at a frequency of 10 H3GS is determined by phase coherent transport of retrore-
that allowed us to measure the differential resistarRg§  flected holes in the normal wire between the superconducting
=dV/dl) as a function of the dc voltag®&/§. The ac current seas. The importance of the phase coherence to observe SGS
was equal to 10 nA. Figure 2 shows typical dependences aé supported by the experiment with the long wilésg.
dV/dlI-V for the structures witlfa) short L=1.5um) and 2(b)] where no SGS is seen. Similar results have been re-
(b) long (L=6.0 um) wires atT=35 mK. Manifest zero ported recently by Kutchinskgt al.” where SGS have been
bias resistance dip with respect to the resistaRgeat T studied in Aln" GaAs-Al mesostructures.
>T,. are observed, with quick initial increasing differential  Figure 4 shows(a) the superconducting transitions of the
resistance being followed by a less steep increase at some &¢Si film as functions of the magnetic field at several tem-
bias. For SNS junctions with the short wirds£1.5 um) a  peratures, providing the upper critical fields at variduand
number of symmetrical featurdsnarked asv; andV, in  (b) the zero bias resistance for the structure with short wire
Fig. 2(a)] can be seen. It is necessary to note that the resisinder the same conditions. Three distinct regions most pro-
tance value in this bias range exceeds the wire resistagce nounced for the curve at the lowest temperature can be ob-
at T>T.. The dependences afv/dI versusV at different  served in Fig. 4): (1) at the magnetic fieldB<20 mT, the
temperatures are shown in Fig. 3. Both the deep minimum &NS junctions exhibit a linear dependencd=gB), with this
zero bias and the sharp minima at nonzero biases are terfeature surviving up tar =400 mK; (2) there is a range of
perature dependent. AbovE. the features disappear. The the magnetic fields wherR=Ry; (3) a sharp rise of the
symmetrical sharp dips at nonzero biases observeRsjiy; ~ resistance is resulted from the transition of the superconduct-
versusV [Fig. 2(a) and Fig. 3 are the so-called subharmonic ing seas into a normal state. This can be seen by comparing
energy gap structur€SGS originated from the multiple An- the results presented in Fig(a} and Fig. 4b).
dreev reflectiond®!! The positions of these dips are deter- The issue to be addressed now is the behavidRgpfs at
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FIG. 3. Differential resistance of the sample with LB wire

length as a function of bias voltage at different temperatures show- N .
ing a zero bias resistance dip and symmetrical dips marked, as weak plateau on the magnetic field dependenées. 4).

andV, on the lower curve. Inset: Voltage positions of the resistanceSimilar plateaus on thelV/dI-B CUrves were (_)bserv_ed in
dips as a function of temperature. Ref. 2. The following increase of the differential resistance
may be connected with the motion of the NS boundary from

the zero magnetic fields and the zero bias. As one can s&ge normal metal wire into the'supercon(.juctin_g region. This
from Fig. 2, at the lowest temperatures the value ofPhenomenon, that was theoretically predicted in Refs. 15 and

AR/ o all amples s spproximatey 10%,witys L, TPIES It Some value of 1 cutent he penevaton
reachingRy roughly at the same dc bias. The similar large P '

value of extraconductanc®G has been observed earlier in In summary, we havg observed_ the Iarg_e ZB.A and SGS in
mesoscopic SNS and SN junctichs perfect SNS junctions in the regime of diffusive transport.

There are different theoretical models explaining the ex- 0 compare, in Refs. 2-6 ZBA was observed without SGS.

X . S On the other hand, van Huffelest al® saw SGS in their
traconductance, ranging from pair current proximity effect to X . 7
weak localization effects. These approaches are not necessgﬁmples’ but no ZBA. There is the only papahere ZBA

; . . nd SGS occur in the same junction, but this ZBA is quite
lly opposed to each other, but determined by the object unde ijferent and more complicated than the one observed by us.

study. The analysis of all these mechanisms showed that o A
experimental data are best explained by the pair currer%‘t the lowest temperature a weak ZE&%-5% occurred at

proximity effect. If weak localization were the dominant ow bias (V=100 uV), it disappeared together with SGS

mechanismi 2 we should expect values &G less than \évginatrrclgetemperature increased, and after that a new wider

-6 (-1
ﬁ\oourﬂexp:reir(r:maeft: \?Vzvﬁg,:rgg!egzgjrngi?ﬁ;wle Vel The difference .in the bghavior of the junptions can be
for the junctions with short wires ' andAG~3.6 related to _the quallty of_NS interfaces. There is no guarantee
%1075 0! for those with long ones. The conventional that any kind of barrier is absent t_)etween the_z superconductor
proximity effect is known to imply that the Cooper pair am- and the normal metal or the semiconductor in the above ref-
erences. The results of our paper strongly support the fact

plitude decays exponentially with distance into a normal,[h . ) . .
- at ZBA and SGS can be observed in SNS junctions with a
metal over the characteristic length= vhD/27KT. It can, erfect NS interface. J

in effect, decrease the wire length, and resistance. In our case
estimated lengtt¥y~150 nm at 35 mK, and we get extra-
conductanceAG=4x10"4 Q! at L=1.5um and AG M. V. Entin for helpful discussions. This work has been
=2x10° Q"' at L=6.0 um, which is close toAG ex-  supported by the EU program PHANTOMS, Grant No. 5-4
perimentally observed at this temperature. We suppose it isf the program “Physics of quantum and wave processes”
the suppression of the proximity effect that is responsible foof the Russian Ministry of Science and Technology, and
reachingRy on the dependences afV/dI-V (Fig. 2 and RFBR Grant No. 00-02-17965.
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FIG. 4. (a) The magnetic field dependences of the sheet resis-
tance of the 6-nm-thick PtSi film measured at several temperatures.
(b) The zero bias resistance of the sample with ArB wire length
under the same conditions.
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