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Multiple Andreev reflection and giant excess noise
in diffusive superconductornormal-metal/superconductor junctions
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We have studied superconductor/normal-metal/supercondustéd§( junctions consisting of short Au or
Cu wires between Nb or Al banks. The Nb based junctions display inherent electron heating effects induced by
the high thermal resistance of theS boundaries. The Al based junctions show in addition subharmonic gap
structures in the differential conductandé/dV and a pronounced peak in the excess noise at very low
voltagesV. We suggest that the noise peak is caused by fluctuations of the supercurrent at the onset of
Josephson coupling between the superconducting banks. At intermediate temperatures where the supercurrent
is suppressed a noise contributi@d/\V remains, which suggests the presence of a long-range proximity effect
in the noise.

[. INTRODUCTION interesting to look for such long-range proximity effects also
in the noise. There are theoretitat® and experimentit

Superconductor/normal-metalS) interfaces of high indications that the MAR cycle transfers multiple charge
transparency exhibit remarkably different properties for elecquanta of magnitude &/V, which should lead to an en-
tric charge and energy transfer, respectively. Quasiparticledanced current noise at low bias voltages. For diffusive sys-
with energye below the energy gap of the superconductor tems so far only indications of charge doubling have been
cannot enter the superconductor. This implies a high thermdfPorted, which points towards single Andreev reflection
resistance of the&SN boundary since energy is exclusively €vents: _
carried by the quasiparticlésin contrast, charge can be In this work, we ad(_jress the above questions by measur-
transmitted ate<<A via the Andreev reflection process: An ing dI/dV and Sy of high transparency Nb/Au/Nb, AlfAu/

electron coming from the normal side is reflected as a holéo‘gn?cndsrgé%uwmrlng‘ggt'cogfn p;?g:rfod br)clevrirz)iinitggigjwaenor_
and a Cooper pair is transferred to the superconddéctbis g i b b

. .. focus on junctions having a very small critical current. This
should have important consequences for the energy dlstrlb%{llowS to study the low voltage regime which is otherwise
tion of quasiparticles in a short normal bridge connected t

. . Qifficult to access because of heating effects.
two superconducting reservoirs. Here we assume that the

length L of the bridge is larger than the thermal diffusion
length L= +AD/27wkgT which governs the penetration of
Cooper pairs into the normal wire. Far>L+ the supercur- The samples are prepared by angle evaporation through a
rent through the structure is exponentially weak. suspended N, mask on a Si substrate with a SiGpacer
In the case of normal reservoirs the distribution functionlayer® The anorganic mask avoids the previously observed
f(e) in the wire either assumes a two step shape if the indeterioration of the superconducting properties of the Nb by
elastic scattering length;,(e)>L, or smears out into a outgassing of the conventional organic re¢esg.,PMMA)
Fermi-Dirac function with a spatially varying electron tem- during evaporation of the high melting point Nb.The
perature ifL;,(€)<L.3™® The broadening of(¢) has been Si;N, top layer is patterned by conventional electron beam
detected by local tunneling spectroscdpyt by measuring lithography. Wet etching of the 800 nm Si@yer results in
the power spectral density (V) of the current noise in the the desired undercut profile. The high mechanical strength of
junction®~’ the SigN, allows large undercuts and freely suspended
In the case of superconducting reservoirs the broadeningrigdes of several micron length. The transition temperature
of f(€) is expected to be much more dramatic when com-of narrow Nb wires displayed only a minor reducti@h?2 K)
pared to normal reservoirs. In particular for small appliedof the superconducting transition temperatligevhen com-
voltageseV<A quasiparticles have to climb up to the en- pared to codeposited Nb filni Our SN Sdevices consist of
ergy gapA via multiple Andreev reflection$MAR) at the  thin (=15 nm) normal wires(Au or Cu of 0.4-2 um
two SN boundaries in order to remove the deposited energyength and 100—200 nm width between thi@0—200 nm
into the reservoirs. For samples shorter than the phase coheaeservoirs made of Nb or Al. A scanning electron micrograph
ence lengthL , subharmonic gap structures have been obof a Nb/Au/Nb sample is shown in Fig. 1.
served in diffusive samplsn the differential conductance A single SNSjunction and a series of 9—16 junctions
di/dV at voltages close t&=2A/en wheren counts the together with 2Q.m long N and S wires were prepared si-
number of reflections in the MAR cycle. Such structuresmultaneously on the same chip. From weak localization mea-
have been found earlier in superconducting microbridgessurements of the long wires we determineg of the N
tunnel junctions and ballisti&/N/S point contacts. It is metal. The spectral densit$, of the voltage fluctuations

Il. SAMPLE PREPARATION
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FIG. 1. Scanning electron micrograph of a typical sample L 001 i s \
viewed under a large tilt angle. The normal wire between the two ¢ T:(K) °
Nb reservoirs(top and bottornis defined through the slit in the e S S 0
freely suspended nitride mask. Inset: schematic of the sample lay V(mv)

out.

FIG. 3. Scaled excess noi§g/dV/dl as a function of voltage
across the sample is measured as a function of current bias f@er a series of nine Nb/Au/Nb junctions of Zzm length, 200 nm
the frequency range between 100 and 400 kHz with a crosvidth, and 15 nm thickness for normall) and superconducting
correlation techniquéWith this technique we obtain a volt- (®) Nb reservoirs. The arrow indicatéé=2A/e=2.6 mV. The

age sensitivity of 50 p‘?l\/H_z with commercial room- zero-bias resistance per junction is 39(@2atB=0(6) T and the

temperature preamplifiers. The measurements are perform@jfusion constant of the wire i$=68 cnt/s. AL 6 T the Nb

in a 3He cryostat which is shielded from rf interference by reservoirs contribute significantly to the junction resistance. The

- .. - . right-hand scale indicates the effective electron temperature. The
filters at room temperature and by a thermocoax filterin T . X . .

. . . dashed line indicates the shot noise of noninteracting electrons in
stage at the 0.3 K stage. The sample is put into an rf tigh

ase of normal reservoirs. The solid line gives an estimate of the
copper chamber at the sample temperature. electron heating effect according to Eqg&l) and (2). Inset:
Electron-phononidashed lingandN/S interface(dotted ling con-
I1l. NB JAU/NB JUNCTIONS tributions to the cooling power as a function of electron temperature
Te in the wire. T, in the reservoirs is assumed to remain at 0.27 K.
In Fig. 2 we show the differential conductand&/dV vs
applied voltage of a single Au wire of length=1 wm first drops around 8.2 K which indicates the superconducting
between Nb reservoirs. The inset displ&®(d’) for the same transition of the reservoirs. Further reduction of the tempera-
sample. The data are recorded using ac currents of typicallure leads to a continuous decreas®efhich becomes more
10 and 20 nA. When lowering the temperature the resistancérastic below 2 K. This proximity induced reduction Rfis
accompagnied by a sharp peak in the differential conduc-
R tancedl/dV at zero bias voltage. The peak has a width of
I 50 wV (which is close tdkgT at 0.3 K) and can be seen as
T the precursor of a supercurrent which emerges whgebe-
2001 . comes comparable to the wire length The peak has a
10 I e 7] height of only 10% of the normal-state resistamg of the
wire for L=2 um, while we find supercurrents up to
/' 50 wA for L=0.4 wm in samples with Nb banks.
1 In Fig. 3 we present the excess no&eof a series of nine
) Nb/Au/Nb junction Nb/Au/Nb junctions with 2um long Au wires. As a refer-
0 5 10 ence measurement, we first collected data in a perpendicular
T L=1pm magnetic field 66 T in which the Nb reservoirs are normal
(open squares For a direct comparison of théeffective
electron temperatureJ,, we have normalizedS, with
dV/d| (see right-hand scaleFor lower voltages/<1 mV
the measured noise falls on the 1/3 reduced shot noise
(dashed ling At higher voltages, additional cooling via
V(mV) electron-phonon scattering results in a negative curvature of

FIG. 2. Differential conductancdl/dV of a single Nb/Au/Nb SV'lg . .
junction as a function of voltagé for two temperatures. The sharp I the case of superconducting reservasslid circles
peak atv=0 indicates the rapid destruction of electron-hole coher-We find & dramatic increase 8, in particular for the small-
ence by a finite bias voltage. The arrow indicatés-2A/e est voltages. The normalized excess noise rises with nearly
=2.6 mV. Note the absence of subharmonic gap structures. Th¥ertical slope alV=0 and merges a¢~2A/e into the 6 T
Au wire is 1 um long, 130 nm wide, and 15 nm thick. The thick- curve. The latter is expected because for energied the
ness of the Nb reservoirs is 50 nm. Inset: Resistance vs temperatupgobability of Andreev reflection rapidly vanishes. Note that
for the same sample. T is already=6 K for V=2A/e. From weak localization

R(Q)
@
o
~
o
=

100




PRB 62 MULTIPLE ANDREEV REFLECTION AND GIANT . .. 4081

measurements on the long Au wire we infef=0.63 um T T T T T T T
at 1.3 K (0.4 um at 4.2 K. SinceL , is considerably shorter T
than the wire length of 2um the MAR cycle is incoherent.
This is confirmed by the absence of subharmonic gap fea- 20
tures indl/dV (see Fig. 2

The electron temperature in the Au wire is controlled by
the power dissipation in the wire, the energy loss via quasi- 15
particle transmission through th&N interfaces, and the
electron phonon scattering in the Au witéAt low T, the c
electronic heat diffusion within the Au wire is much faster —© 4,
than the energy loss across the interfaces so that we may
assume local thermal equilibrium with a nearly constant tem-
perature profile along the wire. The heat transfer through the
interfaces can be reasonably well described in terms of a
simple expression for the heat currdiyg(T,|) through the
N/S boundaries:

—RSJ |
—8— 350 mK
—0— 400 mK
—&— 500 mK

2 0
PNS(TeI):ﬁJxe(fN_fS)(l_A_B)de- 1 T(K)

. . . . FIG. 4. Resistance vs temperature of a series of 16 Al/Cu/Al
This formula is analogous to the Blonder-Tinkham-Klapwijk junctions. The Cu wires are 0.8m long, 160 nm wide, and 18 nm

(BTK) expressm_n for the charge Current.through a point CONthick and have a diffusion constabt=72 cn?/s. The thickness of
tact, where,Ry, is the normal-state resistance of th&S ¢ | reservoirs is 150 nm. Inset: Current-voltage characteristics in
boundary,fy(Te)) and fs(Tgarn) are the Fermi functions in e jow-voltage region. The symbols are the experimental data and
the wire and the reservoirs, whik(e,Z) andB(e,Z) are the  thick the solid line is a fit according to the RSJ model usipg
coefficients of Andreev and normal reflection, afids the =270 nA.(Ref. 21.

interface parameter. We estim&®g=5 (). Within our sim-

plified model, the cooling power via electron phonon scatteryeplaced Nb by Al, having a much smaller gap,. As a

ing is given by consequence, the energies acquired in the MAR cycle are
2 Ler much lower an(_j we expect to enter the regime of coherent
P.(T ):<_B) —(T5-TS. ) ) Andreev reflection. For the normal wire we used both Au
ept el e/ Ry ¢ ~Bathh and Cu, where for Cu we measured a longer phase coherence

length of L,(1.3 K)=1.2 um than for Au, where

_ _ . L,(1.3 K)=0.63 um. Figure 4 shows the resistance vs

3 2 7 &

><|108 K h m-* for Au. _The parapze;teF Is related to3the temperature of a series of ¥@ um long Al/Cu/Al junc-
electron-p onon sc_atterlng ratere, —§é§)/2§(5)DFTel= tions. When loweringTl the resistance sharply drops at the
where £(n) is the Riemann zeta function.The calculated  ansition of the reservoirs=1.25 K and then continuously
cooling power according to Eq¢l) and(2) is plotted as a \apnishes as the proximity effect drives the Cu wire into a
function of Te, in the wire (dotted and dashed linen the g herconducting state. This sample shows zero resistance at
inset of Fig. 3. For simplicity we assun&=0. The solid {4 |owest T since the Thouless energ,=#D/L2
line is the sum of both contributions and corresponds to the_g weV and the normal-state conductance are larger com-
solid line in the main Fig. 3. Finite values dflead to a shift pared to the Nb/Au/Nb junctions. According to the theory by

of the solid lines to lower cooling power and to higher elec-\yjjheim et all” the critical current (T) reads in the limit
ton temperatures, respectively. At intermediate temperaturgg 15 .
o

both contributions are of comparable magnitude, while the

electron-phonon term wins at low temperature because of the

exponential cutoff of thé&\/S interfa_ce term and at high tem- 1(T)= 3.0 mV/KTslzeXp(_ \/TTO), 3)
perature because of the strofh'éI increase of the electron RN\/T—O

phonon term. In our geometry where the area of &

interface is tiny (20& 200 nnf), the N/S interface term is WhereTo=E /27kg.

much smaller than in the related experiment on Nb/Al/Nb The inset of Fig. 4 displays the measured current-voltage
junctions by Jehét al.*® who used subtractive structuring of (I'V) characteristics of the same sample. The turning point of
a Nb/Al bilayer. This may be the reason, why heating effectghe IV curves indicated. (350 mK)~300 nA. With our

appear to be negligible in the latter experiment. sample parameters we estimate from & .a critical current
I. (350 mK)=510 nA. This estimate is reasonably close to

the measured values. On the other hand, we observe a sub-

stantial broadening of the transition such that the zero volt-
It is now very interesting to look at samples, in which age state is reached only for currest80 nA.

L 4(€) remains larger than the wire length. To avoid inelastic At finite temperatures a certain intrinsic broadening of the

scattering, it is necessary to ke@p, below =1 K in the 1V curves is expected by virtue of thermally activated phase

voltage rangeV<2A. In a second set of experiments we slips which is usually described within the resistively

where L is the length of the normal wire and'=5

IV. AL /CU/AL JUNCTIONS
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shunted junctiofRSJ model?* Our SN Sjunctions are self 80
shunted withRy as the shunt resistance. We observe a broad-
ening which is much stronger than expected from the RSJ
model. This is illustrated by an RSJ fit usimg=270 nA
andT=350 mK which is represented by the thick solid line
in the inset of Fig. 4. In principle, such an enhanced broad-
ening can be caused by external electromagnetic interfer-
ence. At high frequencies this source of broadening is sup-
pressed by our rf filtering at room temperature and the
sample stage. At lower frequencies we have checked that the 60
highest spikes in the frequency spectrum correspond to cur-

rent noise below 1 nA/Hz, which is much lower than the

critical current at 350 mK. We are therefore confident that

there is an intrinsic origin of the broadening of thé curves.

70

diidV (mS)

At voltagesV=5 uV the measured currents become larger 50
than the fit. This is caused by the excess current induced by 04 0.2 0.0 0.2 0.4
the Andreev reflectiorisee the discussion below v (mv)

Being made for tunnel junctions, a failure of the RSJ
model for longSNSjunctions is not too surprising since it FIG. 5. Differential conductancel/dV vs voltageV of the
takes into account only the phase degree of freedom of th&ame sample as in Fig. 4 for several temperatures. The arrows in-
pair amplitudeF (x) :<% ¢T>v while it neglects spatial varia- _dicate subha_lrmonic gap strut_:tures corr_e_sponding approximately to
tions of the absolute valu|§(x)|. In SNSjunctions there is integer fractions of A.. Left inset: Position of.th.e canuctance
a minimum of|[F(x)| at the center of thél wire. The mini- peal_<s vs I for three different samples._The §0I|d I_|r_1e indicates the

o ” scaling for the gap of bulk Al. Right inset: Position of the\ 2

mum value of|F(x)| at this “weak spot” strongly depends L

. o . conductance peak vs temperature for two samples with different
on the ratioL/Lt which is reflected in the_temperature de- | ormal state conductanc®¢50 mSO:29.3 mS). The solid line
penden_ce of; at temperaturekgT<A qescrlbed by Eq(.3).. is a BCS fit for 22=325 peV andT,=1.23 K.
We believe that the enhanced rounding of thecurves is
related to the presence of the weak spot inkhe&ire, which
greatly facilitates phase slips in lof®N Sjunctions. Corre- Sets in Fig. 5. The values of the gay(T=0)=163 neV
spondingly, also the shape B{T) cannot be fitted with the €xtracted from the & peaks are slightly reduced with re-
RSJ formulas, since the temperature dependent¢gisfsu-  spect to the bulk value of 18@.eV. Earlier experiments on
perimposed on that of the thermal activation process. In paconventional Nb/Nb point contaétshave shown a similar
ticular, R(T) does not follow a simple Arrhenius law. Broad- suppression of the order parameter at tivel peak which
ened transitions induced by phase slip processes also occé@s attributed to a reduction af by the relatively high
in microbridges and long filaments made from homogeneousurrents which are required to generate the voltagéezn
superconductors. The latter examples differ frSINSjunc-  low Ohmic contacts wittRy=20-4Q). This also contrib-
tions in that the main temperature dependence comes froties to deviations from the scaling of the peak voltages, i.e.,
A(T), which is not important at temperatur&s<T.. V(n=1)/V(n=2)~1.6-1.8 instead of 2 in Fig. 5. Similar

The dI/dV curves of the same sample but in a largereffects are also visible in the data of Ref. 8.
voltage range are presented for various temperatures in Fig. Another important quantity is the excess currdpj
5. Besides the supercurrent\&&=0 we find a considerable =1(V)—V/Ry, i.e., the enhancement of tih¥ characteris-
conductance enhancement < 2A. In addition, conduc- tic above the Ohmic straight lind,. quantifies the inte-
tance peaks close ¥0=2A 4 /ne are present, which we at- grated proximity correction tal/dV and saturates at large
tribute to coherent MAR cycles. The peaks are rather broadias voltagesV>2A, where the Andreev reflection is sup-
and then=3 peak appears even to be split. The left insetoressed. For superconducting point contacts \Eitk A the
shows the scaling of the peak positions witm.IThe right ~ excess current is predicted to bBg,.=(m?/4—1)A/eRy
inset displays the temperature dependence of thieZi.e., =11 wA.?®In the opposite limit of long diffusive junctions
n=1) peak. The peak voltages nicely match the BCS curvavith Ec<A, |, is suppressed with increasing length as 1/
with a slightly reduced gap. Being governed by(T) .2 the ~ and amoun§ to I,,=0.82A/eRy: £*/L=2.9 uA where
amplitude of the MAR features shows a relatively weak tem-¢* = JDg/A and Dg=400 cnf/s? When integrating the
perature dependence. This is in contrast to the supercurredt/dV curves in Fig. 5 we find an asymptotic value IQf
which strongly varies with temperature as expected from the=3.5 nA, which is in acceptable agreement with the theo-
exponential dependence of the Josephson couplingsan retical value obtained in the diffusive limit. The excess cur-
Nearly identical observations have been made on Al/Au/Alrent is another feature, which is not contained in the RSJ
junctions. model.

In order to further check that the peaksdivdV are in- Analogous to the dc conductantepne may expect also
deed related to the gap energy we compared samples with the noise different types of proximity effects occurring on
different wire resistance. The critical current of the morethe two length scalekt andL 4. In Fig. 6 we present noise
resistive samples was substantially smaller but the peak voldata for the same sample as in Figs. 4 and 5. We indeed find
ages remained nearly unaffected as demonstrated by the ia-huge peak irS, at very low voltages around 3—-4V
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sistent with a 1f law. Hence 1f noise can be ruled out as

goof " T e T 14.5 C .
L the origin of the low-voltage noise peak.
700 F . 12.7 Earlier experiments on shunt_ed tunnel junctions _have also
L revealed an increase of the noise at low volt&#§eEhis ef-
600 10.9 fect has been predictétito arise as a consequence of
@ - Johnson-Nyquist noise of the shunt resistor. Fluctuations at
«© 500 9.1 high frequencies are mixed down to low frequencies by the
O 0001 P 00 00 a0 | = highly nonlinear|V characteristics of the junction. Good
5 400 f (kHz) 172 % agreement with the experiment has been found for both the
§ 300 —*—350 mK ] 54 - noise rounding of théV curves and the excess noise. When
& :;':%g m 1~ calculating the noise according to the RSJ model using the
200 —o— 500 mK 436 measuredi|/dV andl(T) in the low-voltage region for the
—v— 600 mK . temperatures shown in Fig. 6 we find a peak with an ampli-
tude of 35 (p\) s/Q at 350 mK which is about 20 times
smaller than the measured noise peak.

We believe that the noise peak is related to a strongly
fluctuating supercurrent at the onset of finite voltage. As dis-
cussed already in the context of th€ curves in Fig. 4,
temporal fluctuations ofF(x)| can be thermally excited at
for the same device as in Fig. 5 with superconducti®) (and  the weak spot in the center of tiewire. These lead to large
normal (V) reservoirs. The resistance per junction is 1®6nthe  fluctuations of the supercurrent, and consequently to both
normal state. The solid line indicates the shot noise of noninteractiarge noise and unusually bro&d curves. The minimum in
ing electrons in case of normal reservoirs. Note the expanded scal& (X)| is the specific feature of junctions longer thapand
at low V, with data taken af =350, 375, 400, 500, and 600 mK is not contained in the treatment of Refs. 10-12.

(from top to bottonn. Inset: Amplitude of the low voltage noise The thermally activated fluctuations of the supercurrent
peak of a similar sample as a function of frequency. The solid linehave to be distinguished from the fluctuations of the critical
corresponds to a fldependence. current discussed above. The latter correspond to fluctuations
of the activation energy with an fl/spectrum, which are

~0.02A/e. The noise enhancement appears in the strongljf€dligible at the time scale gts, where our noise measure-
nonlinear part ofl (V) (inset in Fig. 4 and is frequency Ments are usually performed. o _
independent between 100 and 400 kidee inset in Fig. 6 Independent support of this mterpggetauon is prowdeq by
The noise peak vanishes at elevated temperatures togetHBf recent observation of Thomesal,™ who found a simi-
with the supercurrent wheh; becomes smaller than the lar thermally activated rounding of tH& characteristics in

sample length. The nonmonotonic dependenc,o6n V is InAs-basedSN Sjunctions. Their samples are also in the re-
in strong contrast to the 2m-long Nb/Au sample of Fig. 3, gime L>L¢ and the measured activation energy is typically

which shows no supercurrent at our lowest temperatures arf© orders of magnitude smaller than expected from the RSJ
whereS, is monotonically rising withV. At higher voltages ~Model. In our samplesR(T) is also broader than expected

we find an enhancement 8, for superconducting reservoirs 10M the RSJ modelsee the inset in Fig.)4 Thomaset al.
(full circles) with respect to normal reservoit®pen tri- suggest that the rounding of tH¥ characteristics may be

angles. In the voltage regim&=A the noise enhancement caused by an additional current noise, which is much larger

is most likely caused by heating similar to the Nb/Au caselan the Johnson noise of the device. Our work provides
ct experimental evidence for such an enhanced noise at

discussed above, where the heating is even more pronouanHe R .
because of the larger gap of the Nb. the onset of Josephson coupling in “long’E{(<A) SNS

contacts.

FIG. 6. Scaled excess noi§g/dV/dl as a function of voltage

V. DISCUSSION B. Noise forL ,=L

A. Noise for Lr=L In contrast to the supercurrent the MAR induced subhar-

One possible origin of the low voltage noise peak aremonic gap structure inll/dV is much less temperature de-
temporal fluctuations of the critical current as previously ob-pendent(see Fig. 5. This illustrates the already mentioned
served in grain boundary junctions made from high-separation of the two length scales andL,. While the
temperature superconductéfsSuch critical current fluctua- noise peak in Fig. 6 vanishes for<L the question remains
tions may be caused by the motion of localized defects closepen, whether there exist also long-ranged effects in the
to the junction and should result in afllike frequency de- noise. One possible effect would be the existance of multiple
pendence of the voltage noise closel toas well as of the charge quantaq*=2A/V induced by of higher order
normal-state resistané®, . The latter would result in a para- MAR’s. These should result in an enhanced shot n&@se
bolic increase oS5, for 1>1, which is absent in Fig. 6. At =2qg*| at low voltages®*? A first indication for such an
our typical measuring frequenciés 100 kHz the measured effect was seen in NbN based pinhole junctiGhin order to
peak height is independent bfsee the inset in Fig.)6For  check for MAR induced low voltage noise we have to look at
f<100 kHz we observe a small increase of the peak amplihigher temperatures where the supercurrent and its corre-
tude which is currently not understood, but certainly incon-sponding noise peak are suppressed. In Fig. 7 we plot the
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The measured noise corresponds to effective charge
ranges up to 10Qe, which is suprisingly large since the co-
herence of the MAR cycle is expected to be cut off by in-
elastic scattering in our samples after a few Andreev reflec-
tions. From this point of view, it is already surprising that we
find up to four MAR peaks irdl/dV. Although the magni-
tude and the functional dependence of the low-voltage noise
in Fig. 7 are compatible with the existence of multiple
charges, we cannot exclude other possibilities. Further ex-
periments are required to clarify the origin of this long-
ranged contribution to the noise.

VI. CONCLUSIONS

By means of noise measurements we have shown that
multiple Andreev reflections in a normal-metal wire sand-
wiched between two superconductors lead to substantial
electron heating in the wire. The strength of this heating
effect depends on the size of the gap in the superconductors.

1N corresponding to the data in Fig. 6. The solid line indicates theegr Nb with a large gap the effective electron temperature

theoretical estimate fog* for the diffusive casgRef. 12. The

dashed lines are a guide to the eye. The error bars indicate thg

uncertainty due to the subtraction of the background noise.

raises already for small currents up to several K, which leads
a suppression of coherent multiple Andreev reflection. For
the smaller gap superconductor Al the heating is less pro-
nounced and phase sensitive effects such as subharmonic gap

effective chargey*/e=S/2el vs 1N. At low temperatures  structure become visible. With the onset of a proximity in-
T=500 mK the noise peak %, is reflected also irg*.  duced supercurrent through the normal wire a sharp noise
Remarkablyg* rises again for even lower voltages, insteadpeak appears at low voltages, which we attribute to thermally
of dropping to zero as expected if the supercurrent noise itduced fluctuations of the supercurrent. When the supercur-
the only noise source. At higher temperatufes500 mK  rent is suppressed at moderately elevated temperatures an-
the peak associated to supercurrent fluctuations vanishes, hather contribution to the noise remains at low voltages,
we still find a signal which rises roughly linear withVlfor  which indicates the existence of a long-range proximity ef-

V<5-10 uV~E.. At the lowest voltages all curves fect in the noise.

(dashed linesseem to merge into a straight line with a slope
only slightly lower than=~0.3x2A as predicted by the
theory for the diffusive regimésolid line).}> On the other
hand the theory by Naveh and Averin for the MAR noise
considers very short junctions witg;>A. In our longSNS
junctionsE.<A is thesmallestenergy scale. To our knowl-
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