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Resistance oscillations and magnetic fingerprints in superconducting Ayln, 3 cylinders
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Magnetoresistance of hollow guing 3 cylinders of submicron diameter was measured in the superconduct-
ing transition regime. Depending on the amount of disorder present in the samples, resistance oscillations were
either absent or found only below a certain temperature in the transition regime. For those samples where the
resistance oscillations were completely suppressed, reproducible sample-specific magnetoresistance fluctua-
tions (magnetic fingerprintswere observed, also in the low-temperature part of the transition regime. The
amplitude of the conductance fluctuation exceeded that of the universal conductance fluctuation in normal
metals by several orders of magnitude. The fluctuation disappeared as superconductivity in the samples was
suppressed by increasing either temperature or magnetic field. Thermal cycling to temperatures much higher
than the superconducting critical temperature resulted in irreversible changes in the fingerprint pattern. In
addition, a negative magnetoresistance was found just above the transition temperature in some samples. The
physical origin of these observations is discussed in the context of mesoscopic effects in disordered supercon-
ductors.
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[. INTRODUCTION superconducting electrodes are brought to within a few times
of Ly, the proximity effect leads to Josephson coupling
In the past two decades fascinating phenomena in normacross the normal interlayer. On the other hand, electrons
metal mesoscopic systems have been found and, for the mo#ith energies below the superconducting energy gap incident
part, understood.One of the most important aspects of me-0n the normal-metal—superconductor interface from the
soscopic physics is quantum interference of electronic wav8ormal-metal side are reflected as holes, a process known as
packets over a dephasing length,1 zm at 1 K for typi- Andreev reflectiorf. The resulting coherence of elecl:(gron—hole
cal normal metalswhich is much larger than the atomic size. P&IrS in the normal metal extends beyongto L,,.™ This
Aharonov-Bohm(AB) magnetoresistanc@IR) oscillations additional phase coherence affects the conductance of the

in multiply connected mesoscopic samples are a manifestélorr.n"’lI metal, Ieadmg to interesting physical phe”O’T?e"'.'ﬁ-
tion of this remarkable phenomendiThe period of the os- particular, the amplitude of thie/2e conductance oscillation

cillation for normal-metal samples ige in the units of mag- in multiply connected normal-metal samples with supercon-

tic flux. H hen th tributi £ 1h I dducting boundaries was observed to be considerably en-
netic flux. However, when the contribution ot the So-calledy ;e gyer the weak localization valuesdfh.™ At least in
coherent back scatterifgs important, arh/2e MR oscilla-

N ¢ . Y _ one experimental study, an anomaldude oscillation was
tion is also found. The amplitude of the oscillations in terms observed? the origin of which is still not fully understootf

of the sample conductance is of the ordeleff)ﬂw. Superim-  However, no significant change in the amplitude of the con-
posed on these MR oscillations are certain seemingly rarquctance fluctuation was found in normal-metal—
dom, but fully reproducible MR fluctuations, referred to in superconductor heterostructures. For example, measurements
literature as magnetic fingerprintFP's).> These MFP's, on a Au wire in contact with a superconducting Nb fifm
which have emerged as a hallmark of mesoscopic physicsuggested that the fluctuation amplitude was enhanced only
result from AB interference of electron wave packets follow-pby a factor of about 2.8, consistent with theoretical
ing trajectories in singly connected parts of the samie- predictions'®
markably, the amplitude of the conductance fluctuations also Interesting questions arise if superconductivity is intro-
has a universal value of the order ef/h, known as the duced in the bulk, rather than at the boundary of a normal
universal conductance fluctuatiQdCF). The physical origin  sample. Consider a weakly disordered mesoscopic sample in
of the UCF lies in the energy level statistics. In disorderedwhich electrons become phase coherent well above the onset
metals, the average conductance in the unié%h is equal  of superconductivity. These phase-coherent normal electrons
to the number of electron energy levels within the interval ofare extremely sensitive to impurity scattermhddowever,
the Thouless energy centered at the Fermi I&\&hce the when electrons form Cooper pairs, they become completely
fluctuation in the number of energy levels in any energyinsensitive to randomness. How do electrons respond to
interval is of the order of unity,the amplitude of the con- these opposite tendencies of motion? In addition, in disor-
ductance fluctuation is of the order ef/h. dered metallic samples, energy levels fluctuate, leading to
In the past few years a new direction of research in meMFP’s and UCF as mentioned above. What would the mani-
soscopic physics has emerged with the fabrication, byestation of the energy level fluctuation be in disordered su-
e-beam lithography, of normal-metal samples in contact withperconductors?
one or more superconducting islaffdhe superconducting Unlike normal-metal samples, phase coherence in a clean
pair potential penetrates inside the normal metal at a lengtbuperconductor can extend over macroscopic length scales.
characterized by the normal coherence length If two In a cylindrical film, superconducting phase coherence is
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TABLE I. Summary of the sample parameters, including diam-
eterd, nominal film thicknesd, and nominal normal-state sheet
resistanceRﬁ for four Aug 7Ing 3 cylindrical films.

Sample d, nm t, nm Ry, Q
1 510 40 7.8

7 610 40 2.2
12 840 35 1.7
14 600 30 2.5

tions, or MFP’s, similar to those found in mesoscopic

samples of normal metals but with a much larger amplitude
FIG. 1. (a) Picture of experimental sample, including a were observed. In addition, suppressed resistance oscillations

Aug7ng 5 cylinder, a glass substrate, and electrical leads. The cylwere found together with an anomalous negative magnetore-

inder (not visible is secured by two Ag epoxy dots on both sides of sistance in some samples.

the notch in the glass slidéb) SEM image of a free-standing

Aug 7Ing 5 cylindrical film, cylinder 12.

Il. SAMPLE PREPARATION AND MEASUREMENTS

manifested in the Little-ParkgLP) oscillation® which _ _ .
should mask any mesoscopic effects. The LP effect is ther- 1° Prepare a sample, an insulatilGE 7031 varnish
modynamic in origin, not immediately related to quantumf|Iament pf subrmcron dlametgrwas drawn apd placed across
interference of electrons. The free energy of a superconduc Notch in a thin glass slidg-ig. 1(a)]. The slide was then
ing cylinder is a periodic function of the enclosed magneticmounted on a rotator inside an evaporation system. A cylin-
flux, with the period ofh/2e, leading in the superconducting drical film of Augsngs was prepared by depositing
transition regime to a resistance oscillation of the samé&9.9999% pure Au, In, and Au sequentially in the appropri-
period!’ Consequently, the amplitude of the LP resistanceate proportion onto the rotating filament. The thickness of
oscillation greatly exceeds that of thé2e oscillation in nor-  the films was measured with a quartz crystal thickness moni-
mal metals, which is due to quantum interference of elector. The thickness variation due to shadowing of the free-
tronic waves. However, above the critical temperafflyeof  standing part of the cylinder was estimated to be less than
a weakly disordered superconducting cylinder, contributiond %.
due to both pairing correlations and weak localization may Depth profiles obtained by x-ray photoelectron spectros-
become equally important. copy (XPS) and ion sputtering of planar Au-In films showed

It has been demonstrated theoretically that in disorderethat thin alternating layers of Au and In interdiffuse even at
superconductors close to the two-dimension&D) room temperaturé The length of the free-standing cylindri-
superconductor-to-insulataiSl) transition, mesoscopic ef- cal film was given by the width of the notdh=1 mm). The
fects play an important role in determining the properties ofdiameters of the cylinders were determined using scanning
the sampleé?® Various superconducting parameters experi-electron microscopySEM). In Fig. 1(b) we show an SEM
ence mesoscopic fluctuations. The physical origin of thesemage of the free-standing portion of one of the samples.
fluctuations lies in the quasiparticle level statistics, just as irParameters of several cylindrical films used in the current
the normal-metal casé.However, due to the long-range study are listed in Table I.
phase coherence characteristic of a superconducting state, theCurrent and voltage leads were attached to the cylinders
effects of mesoscopic fluctuations are greatly amplified irusing Ag epoxy. The co-evaporated Aing 5 film, coating
strongly disordered superconductors. In particular, the amplithe glass slide on each side of the notch, shorted the leads
tude of the conductance fluctuations just aboveTthef the  and the end of the free-standing cylinder, essentially result-
sample can be far greater than the UCF in the normal &tate.ing in a two-point probe. The samples were stored at room

In this paper, we report experimental results obtained ottemperature for at least several days and then slowly cooled
disordered superconducting Au-In cylinders. Superconductdown in a *He or a dilution refrigerator equipped with su-
ing Au-In binary alloy was chosen for this study because itgperconducting magnets. The cylinders were manually
critical temperature as well as the amount of disorder can beligned parallel to the direction of the magnetic field. To
controlled by changing the In concentration and the filmmake sure any possible residual thermal strain was relieved,
thickness. In addition, structurally uniform Au-In films can the samples were kept at low temperature for several more
be prepared since, unlike pure In, Au-In alloy adheres well tadays before any measurements were carried out. All electri-
a number of different substrates and does not oxidize signifieal leads entering the cryostat were rf filtered. The resistance
cantly. On the other hand, disorder in the form of fluctua-of the samples was measured in d.c. The bias current of 1
tions in the amplitude of the superconducting order paramuA was selected in the Ohmic regime of the/ character-
eter can still be strong due to spatial variation in local Inistic. The data was verified using a 100 nA bias current. The
concentration. Sample-specific magnetoresistance fluctuaeasurement configuration is illustrated in Figa)l
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FIG. 2. (a) Atomic force microscopgAFM) image of a 10
X 10-um? area of a 40-nm-thick planar Awing 5 film. Clusters of
In-rich grains are embedded in the In-deficient matsize text (b)
AFM image of a 1um” area of a 10-nm-thick planar film. Grain FIG. 3. Resistance as a function of magnetic field for cylinder 7
clusters did not form in thinner filmgc) Flattened AFM image of  neasured aT=0.31 K. The scale bar is the magnetic field interval
a 1-um-long section of a 30-nm-thick Aylng; cylindrical film.  ¢5rresponding to one flux quantum. Thé2e scale bars in this and
To facilitate imaging the cylinder was anchored to a substrate a”gubsequent figures are based on the measured sample diameters.
capped with 5 nm of Au. Inset: Resistance as a function of temperature for cylinder 7. The
vertical line indicates the threshold temperature below which the
resistance oscillation was observed.

Au-In alloy has a rich phase diagram that includes com-
pounds, Auln and Aulp) and solid solutions with varying ~ The disorder in Ay;Ing 5 cylinders was evidenced in sup-
composition ratio4? The T, of the superconducting transi- pression of the critical temperature and in a wide supercon-
tion is different for different material phases. Even for aducting transition regime. The fluctuations in the lodal
single phase it continuously varies with In concentrafion. resulted in partial ofin thinner filmg complete suppression
An important consequence of this is that inhomogeneity in Irof the LP resistance oscillation. As will be argued below, the
concentration results in spatially varying locg/’s. T, fluctuations were also at the root of the magnetic finger-
In thebulk form, the maximum solid solubility of Inin Au  prints reported in this paper.
is about 10962 When the In concentration exceeds this limit,
a phase separation is expected to occur, with the excess In
forming In-rich grains. In thick Ay-Ing 5 planar films these
In-rich grains can be directly observed as they form micron-
size grain cluster$Fig. 2@]. An XPS study of such films In Fig. 3, we show a magnetoresistarib&R) trace for a
showed that the uniform matrix, which appears dark in theAu, ;In, 5 cylindrical film, cylinder 7, a representative of the
image, contained approximately 10% of 2hThe T, of  majority of the samples studied. Several periods of a MR
Aug dng ; films was measured to be around 60 AKThe  oscillation were observable. The oscillation period corre-
precise chemical composition of the granular clusters couldponded td/2e in the units of the magnetic flux enclosed in
not be determined directly. However, the onset of superconthe cylinder, as expected for the LP effect. However, the
ductivity in Aug Ang 3 films was observed to occur around 0.6 oscillation was found to decay after only four or five periods
K, the T, of Auln. This indicates that In-rich grains were as the magnetic field was increased. In addition, a small tem-
composed primarily of Auln. No resistance drop was everperature increase also suppressed the MR oscillation. The
seen at 3.4 K, the bulk. of pure In. temperature above which the oscillation completely disap-
The granular structure was also found in thinner planapeared was around 0.5 K, still deep in the transition regime.
films [Fig. 2(b)] and in cylindrical films[Fig. 2(c)]. How-  This threshold temperature is indicated by a vertical line in
ever, no grain segregation was observed, probably becausetbie inset of Fig. 3. In contrast, in the conventional LP experi-
the reduced mobility of atoms due to substrate effects. Nonement, a resistance oscillation is typically found at all tem-
theless, the onset of superconductivity, marked by the initiaperatures throughout the superconducting transition regime
resistance decrease, occurred at the same temperature asaimd in magnetic fields up tbl¢,.2
thicker films, suggesting that In-rich grains were also present Magnetoresistance of another sample, cylinder 1, is plot-
in these samples. ted in Fig. 4. The apparently high residual resistance of this
The spatial variation of local In concentration and, corre-sample was due to the contacts, a problem subsequently
spondingly, in the locall; results in a strongly disordered solved for later samples. The MR oscillation with a period of
superconducting state in pwngy 3 samples. The grain size h/2e was again found in this cylinder. Similar to cylinder 7,
(20—-30 nm determines the characteristic length scale of thehe resistance oscillation was destroyed by increasing tem-
disorder. Good metallic contact between individual In-richperature and/or magnetic field long before such an increase
grains leads to low normal-state resistivitpwer than that suppressed the superconductivity in the sample. Even more
of pure bulk In and, in the superconducting state, to sup-surprisingly, a resistance maximum at zero magnetic field is
pression of phase fluctuations. Instead, the disorder is domélearly seen in Fig. 4bottom trace This indicates that the
nated by fluctuations in the amplitude of the superconductingnitial phase of the magnetoresistance oscillation in cylinder
order parametet 1 was anomalous. In the conventional Little-PatkP) ex-

Ill. STRUCTURE OF Au-In FILMS

IV. EXPERIMENTAL RESULTS:
RESISTANCE OSCILLATIONS
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FIG. 4. Representative magnetoresistance traces for cylinder 1
before (bottom curve and after thermal cycling, measured at 0.36 15 . ]
K. Resistance at zero field is a maximum for this sample. Inset: 00204 0608 1.0

i 10} T(K) h
R(T) for cylinder 1.

. . .. 5k :
periment, the MR aH=0 is always a minimuni®?* Be- b) h/2e
cause of the anomalous initial phase, the sample MR is nega- ob s s s s
tive in small fields. Negative MR was observed in other -100 -50 0 50 100

samples as wellsee below. The top trace in Fig. 4 is the H (Gauss)

MR of cylinder 1 after a thermal cycling. The zero-field g1 6. (@) Two traces of MR scan for cylinder 12 at 0.25 K,
maximum in this curve is suppressed. _ _ upper trace offset by 10. Inset:R(T) for cylinder 12. The vertical
A careful examination of the magnetoresistance of cylin-jine indicates the threshold temperat(Fe below which the MR
ders 1 and 7 shows a presence of a number of reproducibigctuation was foundb) Two traces of MR scan for cylinder 14 at
aperiodic featuregFig. 5. These aperiodic patterns were .35 K, upper trace offset by @. Note that the bottom trace was
mixed with periodic MR oscillations. In thinner cylindrical measured at 0.&A, all other traces were measured gtA. Inset:
films, where the periodic oscillations were suppressed eveR(T) for cylinder 14.
more severely, the MR fluctuations became more evident, as

shown below. pected for a superconductor. Similar MFPs were observed in
most Ay, /Ing 3 cylinders. In Fig. 6b) we show a set of data
V. EXPERIMENTAL RESULTS: obtained for another sample, cylinder 14.

MAGNETIC FINGERPRINTS A small increase in temperature was found to suppress the
magnetoresistance fluctuations surprisingly strongly. For cyl-
inder 12, atT=T*~0.27 K, indicated in the inset of Fig.
6(a) with a vertical line, the resistance fluctuation had al-
i ady disappeared completely. This trend is illustrated in Fig.
7, in which we show MR traces for cylinder 12 taken at three
different temperatures. Magnetic field was found to have a
imilar effect. Above a threshold field* (T), the resistance
uctuation disappeared and the MR recovered the mono-
tonic, symmetric behavior. It is interesting to note that the
¥uctuation disappeared once the resistance was above a cer-

In Fig. 6(a), we show two traces of magnetoresistance.
(MR) scan for a Ag-Ing 5 cylindrical film, cylinder 12. The
traces were taken back-to-back deep in the superconducti
transition regime, at a temperatufe=0.25 K. A nonperi-
odic, asymmetriqwith respect to the reversal of the mag-
netic field MR pattern was found in both traces. A compari-
son of the two traces showed a remarkable reproducibility o |
the patterr(the cross correlation is 97T his pattern can be
seen as a reproducible resistance fluctuation, or a magne
fingerprint, in a positive, symmetric MR background ex-

3605 250 T T T T T T

Cylinder 1 Cylinder 12 0.27K
200} 0-26K ]
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FIG. 5. MR traces for cylinder 1 taken consecutively at the FIG. 7. MR traces for cylinder 12 taken at the temperatures
temperatures indicated. Note the presence of reproducible aperiodiedicated. MR fluctuations persisted up to the threshold magnetic
features in each MR curve. field H*.
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stand in the context of Josephson junction arrays, in which
the Josephson coupling energy is proportional to the local
superfluid density. Negative superfluid density therefore im-
plies negative Josephson coupling. The possibility of a Jo-
sephson junction with negative instead of positive coupling,
often referred to as ar junction, was proposed much
earlier?” A superconducting state with local superfluid den-
sities of random signs is characterized by the time-reversal
symmetry breaking, with spontaneous supercurrents created

100 in the ground state of the system.
The predicted phenomenological consequences of the

FIG. 8. Two MR traces for cylinder 12 at 0.25 K after thermal Presence of negative local superfluid densities in disordered
cycling, featuring a different fluctuation pattern. The upper trace isSuperconductors include a suppression of the LP resistance
offset by 10Q) for clarity. oscillation, with the initial phase corresponding to either a

minimum or a maximum in zero magnetic field, randorfly.
tain value, either by increasing temperature or magnetiét has been previously suggesteé’that this new disordered
field. superconducting state may be responsible for several experi-

The MFP’s remained essentially the same in several conmental observations of unconventional behavior in disor-
secutive scans. However, after the sample was thermallgered superconductors, including slow relaxation in 2D films
cycled to around 10—15 K, well above the onset of superconin strong parallel magnetic fiefd, negative MR and giant
ductivity, a different fluctuation pattern was found, as shownconductance fluctuatioflsin quench-condensed films. The
for example, in Fig. Abottom tracg¢ and in Fig. 8 for cylin-  mechanism involving negative superfluid densities may be
der 12. The new MFP was again reproducible, as illustratedesponsible for the suppressed resistance oscillation and
by the two MR traces shown in Fig. 8. The magnitude of thenegative MR in Ayg/ny3 cylinders. In addition, the ob-
zero-field resistanc®, -, at a fixed temperature was also served asymmetry in the magnetoresistance may have a re-
found to change randomly as a result of thermal cycling. Fofated physical origin. In normal samples, only a four-point

cylinder 12, the range of the resistance variatioﬁ'at(_).25 measuring configuration would result in asymmetric KR,
K was about 60(2, or 10% of the normal-state resistance pecause of the fundamental requirement of time-reversal

R o . . symmetry. The Spivak-Kivelson theory allows for time-
Although no clear oscillation was observed in cylinder 12, .0\ arsal symmetry breaking, which may lead to asymmetric

the _resistance at zero .ﬁEId was 6?'50 a maximiiig. 8. MR. Below we will show that the magnetic fingerprints ob-
Typically, superconducting correlations are suppressed by ap)

applied field, leading to a positive MR. A negative MR as erved in Agngs cylinders may be accounted for in the
. 4 ...~ same theoretical framework.

large as 25% oRy - deep in the superconducting transition Sample-specific MR could in orinciple result from mul-

regime is therefore very unusual. The negative MR was sup- pie-sp P b

pressed by a small temperature increase as all other featur le magnetic field driven transitions if the sample consisted
in the MR were(Fig. 7) of a collection of superconducting weak links with varying

local critical field. In this picture, however, successive sup-
pression of superconductivity of each individual weak link as
the (paralle) field increases would result in monotonic, step-
like features in MR, accompanied by hysteréSi& Instead,

In the conventional LP effect, the, of a nondisordered MR of our samples was found to be strongly nonmonotonic
superconducting cylinder oscillates with the applied mag- b gy

netic field. In the presence of disorder, spatial variations iri"‘r.1d nonhysteretic. Furthe_rmpre, the MR was asymmetric
the localT, will result in suppression of the LP oscillation. with respect to the magnetic field reversal, which also cannot

Since the localT, is proportional to the amplitude of the bg explained by the weak link picture. All 'these con'sider-.
superconducting order parameter, strong suppression or aBtions seem to suggest that superconducting weak links, if
sence of the resistance oscillation implies strong fluctuatiorésent in our samples, did not contribute significantly to the
in the amplitude of the order parameter, as expected. observed sample-specific MR.

Spivak and Kivelson have previously considered strongly Mesoscopic conductance fluctuations normal metals
disordered 2D superconductors, such as superconductir@§e sensitive to impurity configurations, magnetic fields, and
films in the vicinity of the Sl transition or in magnetic fields gate voltages.Thermal cycling to moderately high tempera-
approachingH.,, and suggested that the physics of thoseture can affect the impurity configuration and therefore result
systems should also be dominated by fluctuations in the anmin a conductance change of the order esfh. Similarly,
plitude of the superconducting order paramétefhe fluc-  thermal cycling results in conductance changes in our
tuation in the superfluid density in such systems was theosamples. It is possible that, due to uneven thermal contrac-
retically shown to exceed the respective mean v&lues a  tion, thermal strains might have developed during tempera-
result, local superfluid densities acquire random sigrithe  ture cycling. Such strains could cause structural changes in
concept of negative superfluid density is the easiest to undethe samples and might account for the observed variation in

H (Gauss)

VI. DISCUSSION
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the sample resistance. However, thermal cycling did not afexperimental observations with these predictions. First, the
fect the normal-state resistance, suggesting that any resultgdedicted sample-specific conductance fluctuation was ob-
structural changes were very small. served experimentally in samples of macroscopic length, and
In mesoscopic samples of normal metals, magnetic fielénly in a narrow temperature range right above The con-
modifies the sample-specific conductance, resulting irsistent with the theory. Second, the amplitude of the conduc-
MFP’s. Magnetic field of the order of the correlation field tance fluctuation was found to greatly exceed that of the
Hcorr, corresponding to one flux quantum through the crosgcr in normal samples, as expected. Finally, accompanying
section of the film, is required to change the conductance bypatres including suppression of thé2e oscillation, nega-

2 5 , : . : ”
e’/h.” MFP’s were also found in our samples, however, du&;ye magnetoresistance, and magnetoresistance asymmetry

to the suppression of superconductivity, the MFP’s were - . .
o tan be naturally explained within the same theoretical model.
only observed in fields up td*, smaller tharH ., ~ 450 G. y exp

As a result the most prominent fluctuation features had fiel he qualitative agreement between our experimental obser-
ations and the theory appears to suggest that the same phys-
scale much smaller thad.,,, . It should be noted that con- Y app 99 phy

ductance fluctuations on field scales much smaller thap, '~ discussed above is at work in oufp/itlg s samples,

have been observed in normal-metal samlasith amplir— Experimental results closely relqted to the present work

tud hat ller thas/h have b(_een reporte_d by Fr_ydr_nan, Erlce, and Dynes for granu-

ude somewhat smaier : - lar Sn films deposited at liquid-helium temperatures between
The similarities between the sample-specific conductanc

. I g ) lmetal svet fivo Pb electrodes with separation less thap@3' The
N our samples and In mesoscopic normal-metal SysStemg, ;s gpserved reproducible conductance fluctuations by
strongly suggest that the observed features are mesoscopic

iain. U th litude of th | " \}ering the bias voltage across the sample. The fluctuation
origin. HOWEver, tne amplitude of these sample-Speciiic con; plitude could be as large as*&&/h, similar to what we

ggggcgg iﬂuﬁ(t)?r?wtgZZn?plpeiarAsntgr(?eer-r(;‘l-Jr%g Iﬁirgj%retggt?mtgﬂ ve found. A qualitative model of quantum interference of
pIes. 9 tﬁ1e superconducting wave function in random loops formed

gives by superconducting grains was proposed to explain the data.
Within the model, a fluctuation results from the modulation
AG=ARD/RZDA~«104e2/h (1) of interference by either self-induced or external magnetic
. ) i flux.
for cylinder 12 at 0.25 K, wherR is the sheet resistance of  \ye have not been able to carry out similar conductance vs
the sample. bias voltage measurements since our long free-standing cyl-

Theoretically, significantly enhanced sample-specific coninders are easily burned by the resulting high currents. How-
ductance fluctuations have been predicted fmmoge- eyer, we note that the same interference picture may be ap-
neouslydisordered superconductors in the transition regimepjied to our experimental observations. Although it is not
It has been shown that under appropriate conditions, such gfear at present exactly how the model put forth by Frydman
close to the Sl transition or in a strong parallel magneticet 5. is related to the theory of mesoscopic fluctuations in
field, fluctuations in superconducting parameters, includingsyperconductors developed by Spivak, Kivelson, and Zhou,
local superfluid density discussed above, can be larger thaps in many respects reminiscent of the semiclassical de-
their mean value$’ The physical origin of these exceedingly scription of mesoscopic effects in normal metals in terms of
large fluctuations lies in the level statistics, precisely the oriquantum interference of single-electron wave packets.
gin of the UCF in normal metals. These fluctuations will in Therefore this qualitative picture may eventually be justified

turn manifest themselves in fluctuations of the lotaleven i a more general framework of mesoscopic fluctuations in
for a homogeneously disordered superconductor. Zhou angl,perconductors.

Biagini®® have shown that mesoscopic fluctuations of both | conclusion, we have studied resistance oscillations
ASIamaSOV'Larkin and Maki-Thompson Contl’ibutions to and MR ﬂuctuations in disordered Superconducting

conduc.tivity would lead to a sample-specific conductancgg\uo_ﬂno_3 cylinders. We have found that the resistance

fluctuation above thd ;. Because of the long-range phase pscillations are suppressed compared to the conventional LP
coherence developing in superconductors s is ap-  experiment and are only visible in the low-temperature part
proached, sample-specific conductance should be observalje the superconducting transition regime. We have also
in arbitrarily large samples, as long as the temperature igpserved reproducible, sample-specific resistance fluctua-
sufficiently close toT.. Similar to normal samples, these tjons in the same temperature regime. The amplitude of the
fluctuations are sensitive to magnetic field, impurity configu-fluctuations is much larger than that of the UCF in normal

ration, and gate voltage. Conductance fluctuations are greatdhmples. We have argued that these fluctuation are

amplified due to the superconducting coherence resulteghesoscopic in origin, amplified due to the presence of super-
from Cooper pairing correlation, a spectacular example otonducting correlations.

guantum mesoscopic phenomena at a macroscopic scale.

The calculation of Zhou and Biagini has been carried out
for homogeneously disordered superconductors. Therefore, ACKNOWLEDGMENTS
strictly speaking, it is not directly applicable to our experi-
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