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A model of the resistive state for mesoscopic superconductors has been proposed. It is considered that the
frequency of thermally induced discrete phase-slip events is equal to the rate of thermally driven fluctuations,
I'r. After each phase slippage the nonequilibrium distribution of chemical potentials forpamad quasi-
particlesu relaxes on a time scaley«. The measured time-averaged voltage across the mesoscopic sample
with dimensions compared to a single phase-slip center is found to be proportional to the spatial difference of
the corresponding chemical potential{ for superconducting probes apg, for normal probesand should be
multiplied by the time averaging weight 7o« 't . The resulting effective resistance rati@(T))/Rnormal fOr
mesoscopic objects may be noticeably greater than unity sufficiently close to the critical temperature; it
displays a strong nonlinear dependence on the bias current and is greatly suppressed by an external magnetic
field.

[. INTRODUCTION simple transmission line, so that charge imbalance waves

may propagate in the 1D superconductor in analogy with

The dimensionality of a superconducting sample is deterelectrical signals that propagate down the transmissiorf line.
mined by the relation of geometrical dimensions to the co-The corresponding decay length depends on material

herence lengtlg. If external magnetic field or bias current is properties, temperature, and the frequency of PS “pump-

applied, then the field penetration lengthshould be also INg.”

taken into consideration. As both quantities diverge at a criti- R€cent experiments on mesoscopic Al sampféshave
cal temperaturel,, formally each sample of finite dimen- revealed several anomalies of the resistive state of such small

sions could be considered as zero dimensid6al) close objects. The resistive transition o_IispIaysa‘_‘bump” on top of
enough toT,. However, to study a conventional type-I su- the R(T) dependence. The amplitude of this bump is greatly

perconductor in a 1D mesoscopic regifi@nsverse dimen- influenced by the value of the bias current and external mag-

sions less than and length comparable®)] in an experi- netic field. The anomaly totally disappears for samples

tall trollabl f A hould t kIonger than several micrometers.
mentally controliable range ot temperatures one should take e e present a model which describes the behavior of

a micrometer-length sample. _ a 1D mesoscopic sample in the resistive state. We consider

At the present moment contactless galvanomagnetic Meégre nonequilibrium charge imbalance to be maintained by
surements of a single mesoscopic sample lie beyond expekinermally activated PS events. PSs are pumped with a fre-
mental capabilities. The easiest way to study electronic tra”%juencyFT equal to the rate of thermally induced fluctuations
should always keep in mind that on a mesoscopic scale quagyire to be sufficiently short so that only one PS center at a
tum interference plays an essential role. The existence Gfme could enter the sample. The time-averaged voltage
electrodes may significantly change the properties of theécross the sample is considered to be proportional to the
whole system “sample with electrodes” in comparison with difference of the instantaneous values “just after” the PS
the solitary mesoscopic original. event of corresponding chemical potentigjs, for super-

It should be also emphasized that the properties of a slconducting §) probes angk for normal (N) probes'] mul-
perconductor in a resistive state dramatically differ fromtiplied by the time-averaging “weightrq«I'r. The result-
purely superconducting or normal conditions. It was fotfnd ing effective resistance ratigR)/Rnoma displays strong
that for homogeneous steady-state injection of quasiparticlegonlinear behavior on a bias current, is efficiently suppressed
the chemical potentials of pairg, and quasiparticleg.; by an external magnetic field, and is always smaller than
differ from each other. The models describing the reSiStiVQJnity for Samp|es |0nger than several zero-temperature co-
state of 1D superconductors induced by thermaherence lengthg, (Table .
fluctuationd® or bias currert involve the conception of
phase slippage which is a process of rapid oscillations of the Il. THEORY
order parameteA within the locus of the “weak link.” For
pulselike pumping of nonequilibrium quasiparticles due to Let us consider a superconducting mesoscopic 1D wire
discrete activation of phase-sliP9 centers the actual val- [Fig. 1(@)] in a resistive state close to the critical temperature
ues ofu, 4 are determined by the temporal and spatial de-T.. The destruction of superconductivity can be described
pendences of corresponding relaxation processes. The behay the model of thermally induced fluctuatioh&ach “fluc-
ior of a PS center could be described by the model of duation event” is nothing more than the PS which drives the
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The AF, in the exponent of Eq(l) is the free-energy

A) K/? R’L‘ barrier between the neighboring saddle poifts;, and
= y — F/., in the zero-current limit. In the original wotkt was
e XL Xeoo Xp b shown that
ALF
812
T
B) e ol K AFo=—3-AGu—g9)&(T), 3

#F(t) (arb.units) _
'low frequency limit /I whereA is the sample cross section. The free energy advan-
U tage per unit volume enjoyed by the superconducting state
"qj / relative to the normal state is
X

Ha(T)
C) A ON—Os™ g’n’ . (4)

uhF (arb units)
'high frequency limit /j \ However, in recent publicatiors™ it was reported that for
best fitting to experimental results on small objects the ex-

pression(3) for the energy barrier should be multiplied by a
dimensionless factoy~0.05. The question of applicability
of the “bulk” equations(3) and(4) to mesoscopic samples
In(t) (arb.units) lies beyond the scope of the present work and needs further
serious justification. Nevertheless, in the present work we
assume that Eq93), (4) hold with y=1. Note that very
small variations of the critical temperatufg could compen-
X sate the significant deviations gffrom unity.
The physical sense of the last term in Ef) is the fact
that the supercurrent breaks symmetry between the PS
'— " =24, driving fluctuations in the current-reducing
direction. The characteristic threshold current is
=kgT/ g, Wheregy is the superconducting flux quantum.
h‘ghus I, is a sample-independent quantity and is equal to
~25 nA which is not a small value for mesoscopic objects.
The current-dependent terms in the exponent of (Egand
o Eq. (2) play a significant role for “high” values of
system from one local minimum of the free enefg, o |/|(T)~1. As the critical current(T) tends to zero at
another one Fr,, which differs by the phase value T_, the mentioned current dependencies must be taken into
¢'—¢"==2m of the complex order parametéx(¢). It  consideration for calculations close to the critical tempera-
was showd* that the rate of thermal fluctuationEyr, at a  ture. It should be emphasized that the basic assumption of

'/Int

D)

FIG. 1. (a) Sketch of the sampléb),(c) Spatial dependences of
the instantaneous values of chemical potentials for pajysand
quasiparticlesuq at a moment’ just after the phase-slip event for
the low-frequency and the high-frequency limits, respectivéady.
Corresponding spatial dependences for the instant values of t
normal-current component.

bias current is the theoretical mod&is the hypothesis that the nucleation of
resistivity in 1D superconductors is governed by very large
AF, [2\¥2 |2 | and improbable fluctuations whexF,>kgT. Very close to
I'«(T,1H)= Q(T)ex;{ S ( _) sin?-(—) . T. both the energy barriexF, and the prefactof)(T) go to
kgT 13/ 37yl 214 zero and the mod&ldoes not work. Hereafter we consider

(1) that below some threshold temperatiifte~ AF,/kg the ap-
plication of the fluctuation model is permitté8i1® Note that
The prefacto)(T) is equal to the energy barrieAF is dimension dependent and for me-
soscopic samples it may shift the applicability of the mddel
1 L (AR 2| | 15/4 by several mK belowf . .
(T)=— _(_) (1_ _) ' 2) After each event of PS, _dr|ven ata frgquerﬂ:yequa! to
oL &(T) | kgT 3¢ the rate of thermal fluctuations, there arises the quasiparticle
branch imbalanc®*, which relaxes on a time scatg+ and

where rg, = mh/8kg(T.—T) is the characteristic gap relax- On a distance\. The re!axation of charge imbalanQé" ina '
ation time in the gapless limitl, is the temperature- 1D superconducting wire can be described by the differential

dependent critical current. equatiofl
The second and the third factors of E) correspond to ) i
the number of statistically independent subsystems and over- D TQ*VZQ* = 197eQ* + (79 + 72) Q* + Q*, (5)

lapping of their fluctuations, respectively. As we consider a

mesoscopic wire of length~ £(T), then only one PS center where 7¢ is the inelastic electron-phonon collision time,
could fit in the sample. Thus, hereafter we assume the secong= 2kBT #lwA? is the supercurrent response time, and
and the third factors of Eq2) equal to unity. D =3v¢l is diffusion coefficientp being the Fermi velocity
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and| the electron mean free path. In the “low-frequency wherep(x) is the effective resistance per unit length, asso-
limit” Eq. (5) describes charge imbalance decay with theciated with the quasiparticle current. Substituti(® into

characteristic decay length (10) we get
A= (D7gx)Y2 6 ur X—X
( 7Q ) ( ) lN(t,vX)z_A ) cosh 2 %: , (11)
In the “ultrahigh-frequency limit’ o> 721,75t Eq.(5) de- Pq(X

scribes waves of charge imbalance, propagating with veloca bell-shaped function localized &psc [Fig. 1(d)]. Setting
ity v=A/(7o7e) Y2 For the more general case where neitherx=xpgc for the absolute value dff=|U| we obtain
ultrahigh- nor low-frequency approximations are appropri-

ate, Eq.(5) describes damped, dispersive waves of charge U=2Apq(X)[1 = Is(t",Xpsd . (12
imbalance with the dispersion relation As we restrict ourselves to the momeht‘just after the PS
a2L2_ . . event” we may assume that the total current is mainly car-
A=A Fion)(ltio), @) ried by the quasiparticle excitationsi~Iy(t’,Xpsd
which decay on a length >|4(t',Xpsd. In the present paper we concentrate attention
on mesoscopic length scalesA, which makes it possible to
A=A ToTE)llz/[% (7ot 7E)]. (8) set the effective coordinate-dependent “quasiparticle resis-

_ . _ tance” equal to the corresponding value in normal state
As in the present paper we are discussing the thermal actly,(x)~py=const. Finally we get

vation of charge imbalance, the characteristic frequency of

the processy is set by the ratd’;. For mesoscopic objects U=2Appl, (13

of conventional type-l superconductors the ultrahigh-

frequency I|m|t7|15 never -reached. Howeve[,l t-he. low- voltage across the PS center, measured far away from the

frequencyFT<7-Q* or the high-frequency’= Tox limits nonequilibrium regiort®

could be achieved. It should be reemphasized that the nonequilibrium distri-
If the PS event happens &t tps, we may consider qua- pytion (9) is maintained with frequencl; and relaxes on a

siparticles and pairs to be in a local equilibrium among themyime scalery+. We assume that the measured time-averaged

selves but not being in equilibrium with each other after ayoltage across the mesoscopic sample is proportional to the

momentt’: 7o<7e<t'—tps<7q«.? The local equilibrium gifference of the instantaneous values of corresponding

approximation permits one to characterize quasiparticles anghemical potentials, given by E¢9), and should be multi-
pairs by definite values of chemical potentials, which differpjied by the time-averaging weight 7o+ T'1,

from their equilibrium valugu§®= u5*= . Following Ref.

16 let us approximate the low-frequency limit spatial varia- (AVp ) =(7ox 1) Ap, g /€. (14
tions of the instantaneous values of chemical potenigls

anduq at a moment’ by

which gives the well-known result for the time-averaged

Introducing the normal state resistanceR,omal
= pnlX. —Xg|, wherex, andxg are the coordinates of poten-

eU X— X pe tial probes, for the effective ‘“dynamic” resistance
X)= T R)=(AV)/I we get
mplt' X) == tanr( i ) 98  (R=(AV)/Iweg
(R) A XR~ Xpsc X~ Xpsc
qu X_XPSC R—:(TQ*FT)|X —x | tanh 5 _tanhT,
Mq(t’,X)than ) (9b) normal L—XR
(15

where A = A'F and xpgc is the coordinate of the PS center Where 6 is equal to&(T)/2 for S probes and toA for N

[Fig. 1(b)]. As wp and g should merge into each other at probe;, which measure the' d|fference.between the corre-
x=c we may setU,=U,=U. For the high-frequency Sponding values of chemical potentiala, and uq,

limit the “average” values ofu, and x4 could also be ap- respectively’ Equation (15) is the central result of the
proximated by Eq(9), while there exist the oscillations due Present paper.

to preceding PS events and, what is more important, the

decay length\ = AHF is shorter than the corresponding low- lll. CALCULATIONS

LF IEi
frequency V?"“e“ [Fig. 1(0)]. . Let us calculate the effective resistance ratio for various
If not to discuss the processes on time scales less than th

: . . . Stuations. The characteristic time of the charge imbalance
charge neutrality maintenanegy< 7o, 7¢ , 7o+, in the vicin-

; e 7
ity of the nonequilibrium region one may use the generalizeJelaxatlonTQ* is given by
two-fluid model to describe the electronic transport. At every 1 A 1
momentt the total bias current could be split into two parts = —
corresponding to pairs and quasiparticld$t) =14(t) o AkeT e
+1In(t). For the normal component of the current at a mo-whererg is the elastic pair-breaking time due to supercurrent
mentt’ we may derive or magnetic field, and in the most general case the gap pa-
rameterA=A(T,I,H).
ol duq(t’) (10 First, we discuss the situation when the external magnetic
epq(x) dx ’ field is zero and the bias currehtis small enough that we

172

27'E , (16)

7s

IN(t’,X):I _Is(t,,x):
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TABLE I. Material parameters used in present calculations.

Materiaf T, 7&(T.) VE HRUkO)y I AL &
(K) (108 (1 cm/is (08 (nm) (nm) (nm)
Al 1.2 1.3 1.3 99 15 16 1600
Sn 3.73 0.027 0.7 306 15 35 230
zZn° 0.88 20 0.9 55 15 28 1800

3Data are taken from Refs. 5,20.
bvalues for zinc correspond to averaging the initially anisotropic
data.

can neglect the corresponding pair breaking. Note that for

the “true” zero-current limitlI't=0. For the case of negli-
gible pair breaking the temperature dependence,e{T) is
mainly determined by the variation &f(T) and the scale is
set by the material-dependent parametehaving no singu-
larities atT.. For conventional type-l superconductors of
given dimensions]'; varies within the same order due to
“slight” differences of H.(0) and£(0), while 7g may vary
significantly(Table ). The “short«¢” materials(Sn, In, Pb

are always, even in case of significant pair breaking, in the

low-frequency limit7q« <1/"+. On the contrary, Zn could
be generally considered in the high-frequency limit. How-

ever, the mesoscopic Al samples studied to date for practical

bias currents are within the intermediate situation
7o+~ 11, Thus, the material properties play a significant
role in the behavior of the effective resistance ratio
(RY/ Rpormal (Fig. 2). For simplicity hereafter we assume the
weakest link(the midpoint of the PS centeto be located
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straight between the potential probes. Of course, for the real FIG. 3. (a) Temperature dependences of characteristic times for

sample the weak link is pinned to the imperfection. How-
ever, the nonsymmetric placement of the PS center will re
duce the magnitude of the resistive burgee Eq.(15)],
while all the calculations will stay qualitatively valid.
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FIG. 2. Temperature dependences of the normalized effectiv
resistanc€R)/R,o;ma fOr tin, zinc, and aluminum samples of equal
cross sectio\, effective lengthL/&,, and bias currenit/1 .(0) for
zero magnetic fieldH. The signsS andN correspond to supercon-
ducting and normal potential probes, respectively. The PS center
assumed to be symmetrically referred to the voltage probes.

an aluminum sample with cross sectidnand lengthL at zero
magnetic fieldH for different values of effective bias current
1/1.(0). Arrows indicate the positions of the threshold temperature
T*. Note the evolution of the temperature dependences of the ther-
mal fluctuation ratd’; with the bias current. (b) The correspond-

ing temperature dependences for the effective resistance ratio
(R)/Ryormal for symmetric position of the voltage probes referred to
the PS center. The inset shows the variation of the maximum value

of (R)/R ormal» COrresponding td =T*, with bias current.

The pair breaking due to supercurrent may be taken into
consideration b¥#'°1/r =D (ps/#)?/2, wherepg is the su-
percurrent momentum. Using familiar expressfQrthe = g
could be rewritten in a more convenient form

2
I

3V3I(T)ET)

Formally one has to consider the variation of the gap
A=A(l) with applied current®® However, in the present
paper we neglect this small(1) deviation, which plays no
significant quantitative role for calculations. Note that for
high currentd ~1.(T) one must consider the current depen-
dence in the exponent of E(]l) and the prefactof)(T). The

1
Z=

7s

17

N| O

supercurrent always brings the rate of thermal fluctuations,

I't, to higher values. Thus for aluminum structyfég. 3
for sufficiently small effective currentdl.(0) the sample is
in a low-frequency limit; The nonequilibrium quasiparticles
@gan relax on a time scalg,, between successive fluctuation
events o, <1/M'7) within the whole temperature region.
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HR0=001 5. A=0.1%0.05 mkm?
E2or Al a0
5 | 11,(0)=3*10
ig
_1.5F S 1.5F H=0
2 Al N N T*T =-5.8 mK
= =10+ AR c
e HH (o)=o.oz/lT* D\:/ *~ I'N-probes -
1 » - - T T
Z ......... 0 8 6 05 L o
¥ 1.0+ o
b 0 00 " 1 : 1 " 1
o - ’
v 0 2 4 L/f 6 8
A=0.1*0.05 mkm? 0
L=£,
L *qnd .
051 11,(0)=3"10 ‘ FIG. 5. Sample lengtt =|x,—xg| dependences of the maxi-
T-T=-5.8 mK N_progég; mum value{R)/Rnomal» COrresponding td=T*, for an aluminum
00t ) ) ) ) ) ) ) ) - 1 sample with cross sectiofh and symmetric position of the voltage
0.000 0.005 0.010 0.015 0.020 0.025 probes referred to the PS center at fixed bias curreamd zero
H/H,(0) magnetic fieldH.

that the present model could not be applied without modifi-
cations to long wires where more than one PS center could fit
aluminum sample with cross sectién fixed bias current, length in the sample. Experlmentally one can e.stlmate the possible
L, and symmetric position of the voltage probes referred to the Fr,'gu_mber of the active PS centers at a given temperature as
center. The inset shows the influence of the magnetic field on te D€INg _equal to the number of the Vo_lta_ge Ste_ps of the_corre-
perature dependences of corresponding characteristic times: the -On,dmg purregt-voltage CharaCter'ét'E_Xpe”ments with
riod of thermal fluctuations Iy and the quasiparticle relaxation A microbridges showed that pure aluminum samples of at
time 7o, . The arrow indicates the position of the threshold tem-€@st several tens of micrometers in length could be consid-
peratureT* . ered as “single-PS-center activated.” However, the resistive
anomaly for Al should disappear on lengths more than sev-

With increasing the bias curremtvery close to the critical ~€ral micrometer¢Fig. 5), which is in a reasonable agreement
temperatureT, the situation is shifted to the opposite limit, With the experiment.
while for very strong currents there are no high-frequency
solutions as the bias currert should not increase the
temperature-dependent critical valygT).

The pair-breaking time for the case of a plain 1D wire in  The present theoretical considerations being based on the

FIG. 4. Magnetic fieldal-l| plane of the samp)edependence of
the maximum valug€R)/R noma» COrresponding ta=T*, for an

IV. DISCUSSION

applied parallel magnetic field is* thermal fluctuation mod@ldiffer significantly in the proce-
dure of “linkage” of the instantaneous voltag&t’) across

1  1.76&gT, H? 18 the sample with the corresponding time-averaged value

T_g_ 3 Hl(0)" (18) (V). In Ref. 3 it was assumed that the average PS activation

ratel’; should be balanced through the Josephson relation by
where H‘(l:(O) is the zero-temperature parallel critical field. the time-averaged voltagé;=2e(V)/h. This assumption is
Contrary to the case of pair-breaking currents the variation ofiseful when the distance between potential probes is large
the gap with magnetic fiefd?  A(T,H) compared to the nonequilibrium region attributed to each PS
=A(T)[1-HZHI(T)21¥2 plays a quantitatively significant center|x,_—Xg|>A. Thus, the actual dynamics of PS events
role. Slightly affecting the 17 due to variation of the gap is taken into consideration in a “statistical” way. However,
A(H), the magnetic field noticeably shiftg,« (H) to shorter  for mesoscopic scales we must perform the time averaging
values, driving the sample to the low-frequency lirtfiig.  more definitely. Introducing theqg«I't weight is the easiest
4). and the most straightforward possibility.

For fixed temperatures within the resistive transition Eq. It should be mentioned that utilizing they« as a charac-
(15 gives negative effective magnetoresistance due to deeristic time for relaxation of charge imbalance by pulse in-
creasing ofrq«(H) [and, consequentlyA(H)] with mag-  jection of quasiparticles is still questionable. For steady-state
netic field. The above effect has been observectonditions the validity ofrq« applicability was confirmed
experimentall§® and could partially describe the anomalous undoubtedly: while for discrete PS events the experiménts
form of Little-Parks oscillations for mesoscopic loop¥. give both temperature-dependent and constant values for the

The noticeable decreasing of effective resistance raticorresponding relaxation time, working in favor e« and
(R} Rnoma With increasing the length of the sample, 7z, respectively. As the thermal activation rate is slightly
L=|x_—Xg|, is due to~tanh()/L dependence of Eq15) affected by external magnetic field; is a material constant,
(Fig. 5. The difference forN and S probes comes from and 7o« is very sensitive to magnetic field pair breaking
different “healing” lengths A and &/2, respectively. Note (Fig. 4), the comparison of the present model with experi-
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ments in a magnetic field may bring additional clearness to
the problem.

The key question of the present paper is how the resis-
tance of a superconductor in the resistive state could exceed
the corresponding normal-state value. Intuitively the resistiv- 1.21- o sample A
ity per unit lengthp, associated with nonequilibrium quasi- | A=0.2%0.042 mkm2 ©
particles could be less or equal than fi¢. Consequently, L=0.6 mkm
no tricks with time averaging could obtain the situation 1.0 12100 nA (rms)  ©
(RY/ Rpormar> 1. However, the expression for the effective re-
sistance ratio Eg(15) also contains the- A/|x,_ —Xg| term,
which may be much greater than unity for mesoscopic
samples. The physical significance of the last statement is the
fact that in the resistive state of superconductors the ampli-
tude of the chemical potential jumpU, Egs.(12), (13), is
set by the quasiparticles from the total nonequilibrium region
~2Apg, while in the normal state the corresponding value
is proportional to~ py|Xx, —Xg|. The usual approximation of
equality of p, andpy indirectly assumes that the quasiparti-
cle excitation spectrum differs from the one in normal state
mainly by the existence of the energy gap and could be de- o
scribed by the “same” density of stat®§0) on the Fermi 0.2 o
level and the distribution functioh= fy+ §f. The last state- -
ment brings us again to the requirement of the local equilib-
rium approximation in order that the quasiparticles could be 0.0 :
described by a definite value of the chemical potentigl -20 15 -10
However, the thermalization process is maintained by pho-
non emission and is characterized by the relaxation time
TE-2 For sufficiently intensive pumping of quasiparticles FIG. 6. Zero-field experimental resistive transitiod @nd )

> TEl the present model may not be valid. Fortunately,for mesoscopic Al wires. Data are taken from Ref. 7. Solid lines

for most type- superconductors Pb, Sn, In, and Al of mesoepresent the present model calculations. It is assumed that the
e eakest link(PS centeris symmetrically referred to the supercon-

fs(;:roglrc]: iC::Tﬁgsef(gzrtirneeﬁ?gl\;ecr:)%r\]/ee?#:r?ttyr;rfgeero?otl?;s, \::VSrllgucting voltage probes. The best fit is obtained udigg 1.291 K
rents the local equilibrium approximation may be violatedanOI 1.289 K= 122 nA and 61. nA, and(0)= 157 nm and 129
L .___nm for samplesA andB, respectively. For details see the text.
and the application of the present model needs further justi-
fication. It would be very interesting to perform experiments
on various materials with different types of probes. The The main uncertainty in fitting the calculations to the
present model qualitatively describes the existing experimerexperiment comes from the fact that in order to increase the
tal results on Al mesoscopic sample¥ and the absence of signal-to-noise ratio the measurements were performed using
any anomaly for In(Ref. 7) as indium is a shoriz material:  the ac lock-in technique, while the present model is devel-
I't7o«<1. It would be useful to test the present theoreticaloped for the dc case. We found that the best fitting dc value
considerations on Zn, probably setting the limits of applica-1% is between the rms and the amplitude values of the ex-
bility. perimentally used ac bias currents. As the current depen-
Unfortunately, at the present moment there are only fewjences of the modelFig. 3 are much stronger than the
experimental works *°related to the present model. The two |ength ones(Fig. 5), by fixing the effective dc bias current
of then™'® were performed on the multiple-connected anq utilizing the given sample geometryne can calculate
sampleg(loops. The direct application of the present model yhe effective coherence length. The obtained values for
to the ring geometry is questionable as there exist the paralll%l(o) are in a reasonable agreement with the value 170 nm
supercurrent channel due to the second arm of the l00p. Figgejyeq for the codeposited Al filthSlight deviations(see
ure 6 represents the comparison of the present model Calcﬁg_ 6 caption of £(0) andT, for the partsA andB could be

lations with experimental results on Al wiré€One should .
. . . o easily understood as the samples were prepared from the
not be surprised that the experimental resistive transitions aré

much broader than the theoretical oriEgy. 6). The present Nonoverlapping regions of the same wire.

model deals with ideal 1D wires. For such homogeneous

samples the calculated width of the resistive transition is

about few mK and is comparable to the experimental results ACKNOWLEDGMENTS

obtained on perfect whiskersThe actual sample prepared ~ The author wants to acknowledge Dr. Ya. G. Ponomarev
by a lift-off proces§~1is far from being considered an ideal and Dr. M. Yu. Kupriyanov for valuable discussions and
homogeneous object. However, one can increase the calcoareful reading of the manuscript. The work has been sup-
lated width of the resistive transition of such an inhomoge-ported by the Russian Fund for Fundamental Research, Grant
neous sample by introducing the random distribution of theNo. 95-02-04151-A, and by Grant No. NCX300 from the
local transition temperatur€; within the rangeAT.. International Science Foundation and Russian Government.

1.4

DDQQDQ

QQDG

o sample B

A=0.2%0.042 mkm?
L=1.8 mkm
=50 nA (rms)

<R(T)>/R normal

-5 0
T-T, (mK)




12 310 K. YU. ARUTYUNOV 53

1J. Clarke, Phys. Rev. Let8, 1363(1972. 25, 1180(1970.
2M. Tinkham and J. Clarke, Phys. Rev. Le28, 1366(1972. 15R. S. Newbower, M. R. Beasley, and M. Tinkham, Phys. Rev. B
3J. S. Langer and V. Ambegaokar, Phys. RE64, 498 (1967). 5, 864 (1972.

4D. E. McCumber and B. I. Halperin, Phys. Rev1B1054(1970.  5W. J. Skocpol, M. R. Beasly, and M. Tinkham, J. Low Temp.
5See, for a review, R. Tideck&urrent-Induced Nonequilibrium Phys.16, 145(1974.
Phenomena in Quasi-One-Dimensional Superconductors’A. Schmid and G. Schon, J. Low Temp. Phg6, 207 (1975.

(Springer, New York, 1990 18K, Maki, in Superconductivityedited by R. D. ParkgMarcel
6A. M. Kadin, L. N. Smith, and W. J. Skocpol, J. Low Temp. Dekker, New York, 1969

Phys.38, 497 (1980. 19T, R. Lemberger and J. Clarke, Phys. Rev2® 1100(1981).
"p. Santhanaret al, Phys. Rev. Lett66, 2254(1991). 20M. Tinkham, Introduction to SuperconductivityMcGraw-Hill,
8y. K. Kwong et al, Phys. Rev. B44, 462 (1991). New York, 1975.
9H. Vloeberghset al, Phys. Rev. Lett69, 1268(1992. 2IM. Stuivinga, J. E. Mooij, and T. M. Klapwijk, J. Low Temp.
103.-3. Kimet al, Physica B194-196 1035(1994; 194-196 1647 Phys.46, 555 (1982.

(1994. 22N, M. Kadin, W. J. Skocpol, and M. Tinkham, J. Low Temp.
11G. J. Dolan and L. D. Jackel, Phys. Rev. L&®, 1628(1977); Phys.33, 481(1978.

W. J. Skocpol and L. D. Jackel, PhysicalBg 1021(1981). 2p, santhanam, C. P. Umbach, and C. C. Chi, Phys. Re40,B
12N, Giordano, Phys. Rev. B1, 6350(1990. 11 392(1989.
18y, V. Moshchalkovet al, Phys. Rev. B49, 15 412(1994. 24T M. Klapwijk, M. Sepers, and J. E. Mooij, J. Low Temp. Phys.

143, E. Lukens, R. J. Warburton, and W. W. Webb, Phys. Rev. Lett. 27, 801(1977.



