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A study is made of the dissipative component of the electron transport in a doubly connected
AndreevS—N-S(indium—-aluminum—indiurinterferometer with elastic mean free

pathslg in the metals of around 10@m and a macroscopic phase-breaking lerigftthat is

two or more orders of magnitude larger thiap in disordered nanostructures, including
two-dimensional ones. The studies are done under conditions not studied before in such
interferometersm< (m is the transverse size of the NS boundariés helium temperatures the
samples are found to exhibit new phase-sensitive effects of a quantum-interference nature.
Conductance oscillations with a peride, /A (® is the flux quantum and is the aperture area
of the interferometgrare observed in the non-domdimorma) state of the indium narrowing

near the NS boundary. In the domain intermediate state of the narrowing, magneto-temperature
resistive oscillations are observed, with a pericfblozgﬁcm (ch(T) is the coherence length

in a magnetic field close to criticalAt sufficiently low temperaturesi(=2 K) the conductance of

a macroscopic N region of the system has an oscillatory component of resonance shape

which undergoes phase inversion relative to the phase of the nonresonance oscillations. An
explanation for the effects is suggested in terms of the contribution to the Josephson current from
coherent quasiparticles with energies of the order of the Thouless energy. The temperature
behavior of the dissipative transport in a pure normal metal near an isolated NS point contact is
investigated. ©2003 American Institute of Physic§DOI: 10.1063/1.1630715

1. INTRODUCTION =yhD/kgT (D is the diffusion coefficientin the “dirty”

(diffusion) limit can be expressed in terms of the coherence
Our previous experiments® with SNS structures based length &2 in the “pure” limit &2= &=y /kgT:

on pure metals established that even at not very low helium 1/3)| ghahvz | ghal

temperatures the dependence of the normal conductivity of =LA 1™ ey

the structures on the coherent phase difference of the supdt-follows that the temperature regioii® and T¢ which de-

conducting “banks” can be preserved at distancdsetween termine the values df/ &1 in the pure and dirty samples with

the NS boundaries several orders of magnitude larger thagistances between NS boundarigsandL®, should be con-

the sizeL of the normal spacer layers in disordered SNSnected by the relation

nanostructures, where quantum interference effects in the p\2 d 2 p

o X . (TP) fivg (L9 (L/&r)
dissipative transport were first observed and continue to be —=3—1¢ _p> [ 4
widely studied®=**The typical scald. for such structures is T kele | L7/ [ (L/€7)

of the order of 1um and is limited by the phase-breaking (we are presupposing that the phase-breaking lehgtin
lengthL,, which for nanostructures is a quantity of the sameeach case is not less tha® or L9.) This means that the
order. In metals with an electron elastic mean free path same values of the parameteié;= \T/E, (E. is the gap in
~10% um the phase-breaking length is at leasf nes  the density of stateg* characterizing the same behavior of
larger than in nanostructures with~0.01 um (in systems  the phase-coherent phenomena in the two limits, can be re-
with a two-dimensional electron gag=1 um). The reason alized at very different temperatures—much higher for the
is apparently that at static defect densities leading to sucpure systems. For example, in pure samples Wjga 1 um
values ofl as in nanostructures, inelastic processes comehis parameterta® K is of thesame order of magnitude as in
into play in the scattering on these objects, limiting. At diffusional samples withl~0.01um at T<0.1 K, for
low defect densities in pure metals the contribution of suchLP/L%~10. (It will be shown below that the shift of the
processes is unimportant. The macroscopic valué pin  temperature regions of analogous behavior of the phase-
pure metals allows one to increase the spatial region imoherent effects for 2DEG samples with~1 um (Ref. 11
which the long-range phase cohereicBC) is investigated, and 3D samples with,~0.01 um in the casd 3°/L?P~1
expanding the interval of valudd ¢ér>1 from values of the also corresponds to relatid).)
order of 168 in nanostructures to #0n systems with pure Thus a manifestation of phase-coherent phenomena for
metals. L/&r>1, which implies the existence of LPC under condi-
In addition, we note that the coherence Iengﬁ’a tions of an exponentially smalln magnitude proximity ef-
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fect for the main group of electrons, which are excitations Superconducting shield
with energye ~T, in ultrapure structures can be observed on
macroscopic scales even at not very low helium tempera-
tures; this effect may be of extremely topical interest for
solving the problem of extracting quantum information from
various quantum systems via macroscopic channels, for ex-
ample.

Generally speaking, the first indications of a long-range
(not purely exponential in the parametégiéy) influence of a
superconductor on the conductivity of a normal metal bor-
dering are directly contained already in the results of experi-
ments on structures with an isolated NS boundary, where
such an influence has been noted at distances from the
boundary corresponding to valuesér~5—1016The in-
terference effects subsequently observed in doubly connected
SNS systems containing disordered metalanostructures
with smallL , have also been studied until recently in a range
of L/&1 not exceeding the values indicated above. However,
experiment shows that the manifestation of phase-coherent
phenomena in doubly connected SNS systems is not limited

to this interval of values of the parametb"&’ and the FIG. 1. Schematic illustration of the SNS interferometer and the equivalent

presently ana"able _reSUItS on the behavior of phase'COhereEﬁFcuit of the measurementmse). The shaded region is the bulk part of the
phenomena in that intervéee Fig. 7 have been interpreted indium.

in different ways; it is therefore necessary to expand the
study of these phenomena, especially under conditions of
different L/ &1 ratios unrealizable in disordered nanostruc-
tures.

materials with ratios of the resistances at 300 and 4.2 K of

In the present study we have investigated the temperaBRR%lo4 (l~100 wm) brings about a close to zero bar-

ture and phase-sensitive features in the behavior of the consr heightz in the contacts, which corresponds to a trans-

e s _ 2y —1__ . _
ductance of SNS systems formed by the contact of two purén's’s'(_)n coeff|C|ent—(1+_z )""~1 (Ref. 18,20 for tech .
metals withly~100 wm, aluminum (in the normal state nologies that do not partially or completely destroy the oxide

and indium, in an interferometer geometry fof &~ 102 layer or other kinds of contamination on the surface of the

under the conditiong | > &r=£R. Under these conditions metals. . .

all three dimensions OFItheTnor:nal spacer layer of the SN Thg characteristic .dlmenS|ons OT the contaatsLnd b
system are so much greater than the typical microscopic sp see Fig. ] can be estimated by noting that ftg>m the

tial parameters associated with the proximity effect that théOtal current through a contact of two metals in the normal
contribution of a supercurrent due to the main group of carState should be related to the contact amgn by the

riers with energies ~T can be completely ruled out. expressioff
INN:Zv(s)eZUFAcomUSFIEUSh/RShy (2)

wherev(e) is the density of states in one of the metals of the
Figure 1 shows a diagram of the overall layout and thecontact, andJgy, is the voltage drop across the distributed
equivalent circuit for the measuremertissed of the inves-  resistanceRg,. Choosing aluminum as the 3D part of the
tigated doubly connected system of two metals in contactsystem, with  a normal conductivity of oy
aluminum and indium. After the transition of the indium to =(1/3)e?vev(e)ly, and taking into account thatyy
the superconducting state, the system acquires an SNS cor-jA'AN =

2. EXPERIMENTAL TECHNIQUE

= contAcont (1™ @andjcon; are the current density in

figuration of the “Andreev interferometer with cavity” type. the aluminum and in the contact, respectiyelywe obtain

The area of the cavity between the aluminum girder (2from (2) the area over which the two metals touch:

X2 mm in cross sectignand the indium strip, soldered at

pointsa andb, wasA=Oab>< h~3 mmx 15 ,un? Acont= (1/6)(|/¢:'|/LA|)(UA|/US*1)AA|' (3)
Unlike the SNS system which we studied previously inHere AA'~4 mn? is the cross section of the aluminum

Refs. 3 and 4, which used copper and had wide soldered N§irder, LA'~ 1.5 mm is the length of the corresponding part

contacts with a characteristic dimensionwhich could not  of the Al between one of the contacts, ea,.,and the mea-

increase the contact resistanRg,,;, sincem>lg, in the  suring probeV, (ac in Fig. 1), with a potential difference
present study the current regime was realized through comgcross this part equal 10”'=1,\R", whereR" is the re-
tactsa andb with a significant distributedSharvin resis-  sistance of that part, measured independently in the case
tanceRg,, Which usually arises for characteristic contact di-when the second contact is excluded. By measuring the volt-
mensions smaller thaly, (Ref. 17. Contacts of such a size ageU across the probe¢; andV, in this scheme, one can

were formed by spot welding the indium to the aluminumfind the voltage drop across the distributed resistance as
used in the present study. Here, as we have repeatedly con-

. . . . . . _ |
firmed in previous studies, the direct welding of ultrapure ~ Ush=U — Inn(Rart+ Ruann)
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whereR'n';,r’N is the resistance of the indium narrowing in the 5.0 5

normal state in the near-contact regi@ee the inset in Fig. T

1). Measurements of the quantities necessary for evaluating 4.5 | 3 DDDJ:%@ ]

Acont gave the following resultsRA~4x1071°Q; Rg, gooost 0 1 v

~1.1x10 % Q; RL,n=~1.7X10"% Q. In accordance with o 4.0 - é,: 40 d

(3) we find that the characteristic “spot” siza in contactsa © 35| 5 T315 $ - ] °§’o

and b could be around 25.m, which corresponds to the o & 1 g ] -

inequalityl ,>>m which gives rise to an additional distributed T 30 L dd Ve ] -

resistance of the residual type, which in our experiment ex- =< L2 ' A lo 45 =

. o) & T =

ceeds the resistance of the N-metal segraentf the system 25 L & . 1 <

by two orders of magnitude. - & =¥ 2
After the contacts were formed, the indium narrowing at 20 &% ] ©

contactb was thinnedby drawing so that the resistance of : L L L1-10

the interferometer branchatbf and daf (inset in Fig. 2 15 20 25 30 35

were in a relatiorRyy>Ryar (Rapr= Ry nar~ 107 % Q). The T.K

measuring current was introduced to the system through nor-
mal probes, one of whicH,, was mounted in the indium FIG. 2. Temperature dependence of the resistance of the indium narrowing
outside the narrowing region and the secod,was in the at the contaca of the interferometer foR%,,<R®,, (curvesl and2) and its

| . = . f db 'b . h derivative (curve 3). Curvesl (O) and2 (A) are the measurements at the
aluminum. .or reS|sta-nces of contaetsan 0 e_ymg the minimum (H,=0) and maximum K{.=0.3 mOe), respectively, of the re-
above relation, practically all of the conduction currentsistive oscillations observed at 3.2 K. The jump on curkend 2 corre-
flowed along the loop I;—indium narrowing—contact sponds to atwofold increase in the resistance of the indium narrowing when
a—aluminum+2 The possibility of regulating a macro- the NS boundaries appeéhe values include the distributed resistance of

. N . the contadt
scopic phase difference is preserved.
The macroscopic phase difference in the interferometer

was controlled by an external magnetic fiéld produced by ) ,
a rectangular wire loop glued directly on the face of thefl'St: that the resistance jump neaf’ and the subsequent

aluminum girder and carrying a currehj . The planes of f:hange in the resistance of the system in the t.emperature
e interval down to~1.8 K can only be due to the resistance of

the loop and interferometer cavity were parallel to eact}he indium narrowing Rsy, is independent of temperature

Other.’ the cavity lying along th_e axial line of the Ioop, & and Ra<Ri%.n). A comparison of the values of the resis-
position convenient for calculation of the value of the field NI L
ance of the indium narrowing in the NN state={.7

produced in the cavity by the loop. For compensation 01‘I T g _ ) .
external fields the sample with the loop was placed in a? i?em((i §t4';—lg;58 l;)) ;rlg:%rzthlg I?n?jizg?gg;rf\l/sgfr:) |(()jfi:1e
closed superconducting shield. The norrt@ppei probes c?/ease in tﬁe resistance of thé narrowin

V, andl; were soldered to the indium, ang, andl, were 9.

spot welded to the aluminum. The potential difference across According to the microscopic theofy,” such an in

Crease in the normal resistance upon the onset of Andreev
the probesv; andV, was measured to an error @3.5—1) : . . .
10 : - . _reflection, due to the twofold increase in the cross section for
X 10™**V or better by a device utilizing a thermomagnetic

. % whi . . . electron scattering on normal-metal impurities located within
superconducting modulatotwhich made it possible, in par- the coherence lengi® of the NS boundaryof the order of
ticular, to study the effects down to 0.1% in the conductance10 m for In atT~3 K), can take place under the condition
of anN region of macroscopic dimensions. The error for theLN'L;$ wherel is the di,mension of the metal layer reckoned

?gii%r%rgle;:s of the working currents and temperature WFi‘}som the boundary. A simple estimate of the dimensions of

the narrowing with the use of the valuRRR,~4x 10%,
Agont» andRI%. shows that the size of the narrow boundary
3. RESULTS AND DISCUSSION region of indium,L . (i.e., the distance from the “spot” to
the place of the transition to the bulk part of the indium,
where an NS boundary arises ﬂSKT'C”) is of the order of
Figure 2(curvesl and2) shows the temperature depen- 10 um, i.e., comparable tg?. Thus the conclusion of the
dence of the potential differendé, divided by the working theory that a twofold increase in resistance will occur upon
current (~0.5 A) introduced to the system through probesthe onset of Andreev reflection under the conditidngs
I, and |, of the interferometer(Fig. 1) in the caseRZ,, ~&r has apparently found its first direct confirmation. Pre-
<R, At the transition through the critical temperature of viously the largest resistance increase that we had been able
the bulk part of the indiumT!"=3.41 K, where an NS to observe did not exceed 60%.
boundary appears, a jumplike increase in the resistance of the Curves2-5 in Fig. 3 show the results of measurements
part cae of the system is observed; this jump is like that of the conductance on the opposite side from congaain
which was first observed by the authors in 1¥88nd is a the normal aluminum side, as functions of the thickness of
characteristic quantum effect accompanying the appearand¢ke normal layer adjacent to the NS boundary, i.e., on the
of Andreev reflectiorf® distancel s between the normal probe N and the supercon-
An analysis of the values given in the previous Sectionducting (S) point contacta. Measurements were made with
for the contributions to the resistance from individual ele-the interferometer ring broken, permitting the use of a four-
ments of the system and curvésand 2 in Fig. 2 implies, contact null method of measureme(see the inset in Fig.

3.1. H,=0. Temperature dependence
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Q v - 8 v AN A the distance. s for which curve5 in Fig. 3 was measurgdind its deriva-
~ 098F y @ QA Q¥ tive. T=3.2 K, He=0.
S AN
« VL RAATT 2 - o
= 0.96F - 3- OS’&-Q""U the same power law~ T3 and correspond to our previous
T D * ) result for aluminum, obtained in an NS system with a differ-
0.94 C » ent method of measureméenthis fact provides additional
T ¥ 4 confirmation of the role of the temperature dependence of the
. ..' . phase-breaking length in determining the temperature depen-
25 30 35 dence of the conductance of a metal layer as a whole within
T, K the rangeér<Lys<L, under conditions of multiple An-

dreev reflection(see Ref. 2
FIG. 3. Dependence of the rise of the resistance of aluminum near the Figure 4 shows the current—voltage characterigtizve
R&uggi%gr;ﬁ'ing . Fig. 1) on the distance between the N probe and the 1) measured at a temperature of 3.2 K and corresponding to
¢ caseb5 in Fig. 3, and its derivativécurve 2). It is seen that
there are no nonlinear effects associated with the contact

3a), which eliminated the contributioRg,+ RI". . of the con- ~ Over a wide range of currents, including the measuring cur-

tact itself. Also shown for comparison in this figure is the "ent 0.2-0.5 A.

temperature dependence of the resistance of the same alumi-

num (curve 1) measured with the use of only normal probes3-2- He#0

that had been arc-welded on. 3.2.1. Nonresonance oscillations
The curves in Fig. 3Figure 3a and 3b differ only in

scalg demonstrate how the increase of the resistance of th

near-contact layer in the aluminum upon the formation of a

NS boundary evolves as with changibgs. It follows from

a comparison of the curves in Figs. 2 and 3 that the change

resistance(an increase with decreasing temperatwipon

the formation of an NS boundary, observed on both sides of

the point contact, is analogous to the effects observed in 0.02

In measurements of the potential differendeacross
robesV; andV, at a temperature of 3.2 K, depending on
he magnetic fieldH of the wire loop, a component oscilla-
tory in Hg with a period fic/2e)/A is observed, whera is
fhe area in the gap (see Fig. L The amplitude of the

NS systems with pairs of different metals for an arbitrary — __ 0.04F z
area of the NS boundaries and for other positions of the @ ¢ gol A‘_I’ 10.01 ==
probes>?3 The nature of the effect, as we have said, is due to g oI 2 . C_{
the interference of coherent electrons appearing upon An- & Or , T Som, 9 | 5)
. . . T ® Pa . 0 T
dreev reflection, and its value under the conditians>| = 002l # (.253‘. Q. o T
> &1 depends only on the ratids /Lys,le if Lys<L,. & f - A% o} 1-0.01Z
The results given in Fig. 3 again confirm that LPC can -0.04f & © T
be maintained in a pure metal in the investigated temperature ~0.06— , . , ~0.02
range over macroscopic distances, in our case at least 1.5 0 05 1.0 1.5 2.0
mm (L/&;~10), which, as beforé;*? indicates that the H, . mOe

phase-breaking length is of at least that scale.

It also follows from Figs. 2 and 3 that the temperatureF'G- 5. Nonresonance oscillations of the phase-sensitive dissipative compo-

dependences of the resistance of both the indium and alumjent Of the resistance &=3.2 K in the indium narrowingcurvel) and the
resonance oscillations of this componenfat2 K in the aluminum(curve

num, measured on the two Sid?S of the NS boundaiyi the ) tor an interferometer withR, <Ry, as functions of the external magnetic
low-temperature region of the jump and wheére<Lysobey  field.
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oscillatory component, shown by curtef Fig. 5 in relative

units, U/l«<(Ry—Ry=o)/Ry=g, has a value in absolute 12r

units A(U/1) = (Rmax— Rmin)~4.5X 10 1° ), which corre- 1ok

sponds to~2% of the resistance of the indium narrowing, .

R:]“arrSN, with Rin=Ry-o. Figure 6 shows the temperature o 8}

dependence of the differenceA(U/1)=(Ry=03moe =

—Ry—0), which, like the character of the temperature depen- < 6

dence ofd(U/1)/dT (curve 3 in Fig. 2), indicates that a Ny L

domain intermediate state of the indium narrowing is real- - 4

ized on decreasing temperature no earlier thahl K, as is

indicated by the temperature position of the jumps on the 2r

corresponding curves. The same conclusion also follows i

from an independent analysis with the use of the &izg,, ! . ! L
which does not correspond to the condition for the onset of a 25 20 15 10 05 O
domain structure with more than 1 domain in the presence of Trh/T

the self-magnetic field of the current-(L0 Oe), since it is _ 3

not comparable to the size of the domains Tor 3.1 K3 FIG. 7. Temperatw_'e erendence of the amplitude of the phase-s_ensmve
. . . . . _nonresonance oscillations of the conductance from the experimental

The transition of the narrowing to the domain intermediat€yaperd.1113The solid curve is the theo.

state is evidenced by the appearance, at temperatures below 3

K, of magnetotemperature resistance oscillations with a pe-

riod corresponding to the period of oscillations in the criticalfor o= and ¢=0, respectively, withTy,=D/xL2. The
magnetic ﬁeldaAHC(T)NhC/ega , with §4=2\JqR.[H(T)]  apparent disagreement of the experimental results on the pa-
~1 um for 3.0 K (q is the screening radius of the impurity, rameterT,/T= (£7/L)2 with the theory and with each other
andR, (H,) is the Larmor radius™ is eliminated practically completely if the gap that arises in
Let us compare the parameters of the oscillations obthe density of states upon localization by Andreev reflections
served at 3.2 Kcurve 1 in Fig. 5 with the theory and the of the coherent excitations in the normal space between the
presently available results of other authors. The most chalNS boundaries is everywhere taken equal to the energy cri-
acteristic results'>*3on the temperature dependence of theterion T* =D/27xL? for the “dirty” limit from Ref. 25. Fig-
relative amplitude$AR/Ry| of the observed resistive oscil- ure 8b shows the same results as in Fig. 7 but plotted with
lations are collected in Fig. 7, where they are plotted as functhe “Thouless temperature” taken equal to the paraméter
tions of the parametef,/T=(&7/L)? with the values of in the form indicated above, with taken equal in all cases
the “Thouless temperaturesTy, adopted by the authors.
Also shown there is the theoretical curi®@R/Ry|=|Rmax

—R\l/Ry, where R, and Ry are the values of the resis- L/&t
¢ - S 1 3 5 7
tances at the maximum and minimum of the oscillations, 115 —8 —————————
which were obtained in Ref. 24 by a numerical simulation 1101l
. a
21050
= 1.00}
0.95¢
°
* 0.90}
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15 11
3 | b xx[xx]_; 125
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FIG. 8. Dependence of the resistance of an SNS system on the parameter
T,K L/&; from Refs. 24 and 2%a) and the temperature dependence of the am-
plitude of the nonresonance oscillations of the conductance from Refs. 7, 11,
FIG. 6. Temperature dependence of the difference of the resistances fand 13(see Fig. 7 after modification in accordance with the theory of Ref.
H.=0.3 mOe andH.=0 for an interferometer witlR,<R, (the inset 25 (b); M—the amplitude of the nonresonance oscillations in our experi-
shows the dependence on an expanded scale ment.
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to the distance between the superconducting “mirrors.” It isthe system. These oscillations, which have a resonance
seen that the set of experimental results thus modified formshape, are observed at temperatures @8fK and differ from

a regular relation in the behavior of the amplitude of thethe oscillations measured at 3.2 K. Sinde2aK the resis-
oscillations with respect to the parameTét/T. As it turned  tance of the indium narrowing is already comparable in value
out, this feature follows directly from the results of a theo-to the resistance of the aluminum on the segnaenfsee the

RA)(= w2
R

-1
XIn

retical analysis carried out back in 1968 by Aslamazov, Larinset in Fig. 2 and the phase of the resonance oscillations is
kin, and Ovchinniko Indeed, using the fact that the qua- shifted by 7 with respect to the phase of the nonresonance
macroscopic phase differends the difference between the resonance oscillations is due to features of the phase-
total current and the SQDEVCUVFéﬁNVG find on the basis of coherent interference in the aluminum. The period of these
the analytical expressions for the nondissipative current gscillations, like that of the oscillations observed at 3.2 K, is
1L L of the resistive oscillations has also been observed in other
1- p g—ex;{ - f_ +1 studies(e.g., Refs. 11 and 13n a different geometry of the
T T SNS interferometers(nanostructures and with another
L -2
a(g) ) ' 4) First, as we emphasized before, in the system which we
herel/£.=(T/T)2 anda fficient of the order of investigated the phase-breaking length is either much larger
whereL/&r=( )" andais a coefficient of the order of o the distance between electron injectors, as is the case in
shov-l\—/r]e;ncgirvesgotrc:eztt)r?grd\;\r/]i?htt%éhclzz ri)épgss'o?goirzoﬁ of that distance, as in the aluminum regicnl mm); this is
Ref 24 It 9. % that both ItBX:O d'Nt th . the first necessary condition for the manifestation of quasi-
€l. 2a. [t 1S eaSy 10 see that both resulls predict the exISy ) icle phase-coherent phenomena in the conductance of
?Afiﬁgtgi c%r:; pogsig;'r:‘stgfetﬁgrli%ingﬁ tzznsigz z)éste undamental argument, which was examined in detail in the
not coiLcidé becZuse of the difference of a fagtou/@foe- theory of Ref. 27, is the restriction imposed on the possibility
of establishing a coherent phase difference under these con-
irr?éattlgethzmgl::\ljgefrgl;qthse(;sggait:]orll%Rélei; Cs(;lrcr)(\jvsr?(:)r;d;he playing the role of reservoirs, should, in particular, in the
dashed curve in Fig. 8b. .It is seen .that’ it describes Compallistic transport regimélike the regime in the indium nar-
pletely the position on the temperature scale of all the ex- L L
perimental results presented in Fig. 7, confirming the concluplﬁce’f wherg tf(\jeflnjtehctors a:.e JO'?w Igfet\;t, On? of thte)n i
sion about the relationship of the temperature intervals mad IS IS réquired for the creation of conditions orno return to
Ref. 11 we took into account that the size of the normalflection, under which it is possible to form quasiclassical
region in one of the directions is greater tHgrand does not tra%eCt?['es C;IDI?Z\N'EQ(?rgg electrpns W'th energmiEc
satisfy the ballistic criteriog®, and we were forced to make ~ "*UF (or 7L*); these trajectories connect the two
same curve also gives a correct quantitative estimate of thght phase_ difference betw_een “mirrc_)rs."_lt has been shown
oscillation amplitudéAR/Ry| in the corresponding tempera- that for this to take place in the regime indicated, the aper-
the authors chose fdRy not the resistance of the region glie WavelengFmB (this circumstance was first POi”te‘?‘ qut
between the “mirrors,” as required, but the resistance of thdn Ref. 28. It is not hard to understand that this restriction
whole sample. loses meaning if the role of at least one of the injectors is
the region of observation of which, as an analysis showsS2S€ spl_itting is not required for th(_e formation of a trajectory
most likely corresponds to the region of valubéé>1 connecting the two superconducting “banks.” In our SNS
(T*/T<0.3), i.e., the “dirty” limit, the oscillations pertain- system, where the current is introduced through one of the
shown, are reasonably attributed to the quasiballistic oscilla@ coherent phase difference, both for the indium narrowing,
tion regime,L" /&:~1. For this regime the characteristic which is found in the ballistic regime, and for the aluminum
1= nar "

siparticle dissipative current~(f(cosAy), whereAy is the  oscillations at 3.2 K, it can be assumed that the nature of the
(~sinAy) given in Ref. 25 equal to hc/2e)/A. (The above-mentioned phase inversion
method of measuremept.
unity. the indium narrowing in the domain state, or is of the order
tence of LPC, i.e., nonexponential damping of the osciIIator)}; stems with a large distance between boundaries. The next
tween ¢y in Refs. 24 and 25. The theoretical curve for theditions. It concerns the dimensions of the injectors, which,
rowing) bring about a splitting of the electron beam at the
on the basis of expressidd). (In processing the results of the injector for a hole excitation after the first Andreev re-
a substantial re-evaluation of the Thouless temperatiite superconducting “mirrors” and thereby establish the coher-
ture intervals, except for the values given in Ref. 11, whergure of the injector—reservoir should not exceed the de Bro-
In contrast to the experimental results discusstd? played by one of the superconducting “banks,” since in that
ing to the indium narrowing in the contact at 3.2 K, as was mirrors” (Fig. 1), there is no restriction on the formation of
temperature iST%8=%u, /kgL. The position of the oscilla- €gion, which is in a regime that is close to diffusional.

tion amplitude(the square data point in Fig. Bbalculated Since the characteristic energy scale of the Andreev
with the use of this parameter flr= |_:1narr is also in agree- spectrum~7uvg /L, one can assume that the oscillations ob-
ment with the theoretical curve from Fig. 8b. served at 2 K are due to the fine Andreev spectrum of low-

energy electrons in the aluminum region, since the oscilla-
tions in the narrowing T=3.2 K) do not have a resonance
shape, nor do the conductance oscillations of the normal re-
The oscillations shown by curv2 in Fig. 5 are at first gion (Cu) in the case of a large area of the “mirrors” when
glance surprising from the standpoint of the dimensions othe current is not introduced through a “mirrof”If the

3.2.2. Resonance oscillations
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observed oscillation amplitude is attributed to the resistance The appearance of resonance phase-sensitive oscillations
of the aluminum between the “mirrors,” then, as is seen infor a macroscopic distande between boundaries in the nor-
Fig. 5, the relative amplitude of the oscillations of resonanceamal region of the SNS system is attributed to the contribu-
shape amounts to about 4%, which corresponds to the ratiion of coherent excitations with the Thouless energy, for
E(LAL)/T for the aluminum and not for the narrowing. which the transport regime between the reservoir and the NS
According to the theory of Refs. 27 and 29, the appearancboundaries in the pure metdL£ g.?ab can be ballistic. Since

of oscillations of resonance shape can be expected becauseder these conditions when an NS boundary is used as one
of degeneracy at the Fermi level of transverse modes witlof the electron injectors the appearance of phase coherence

the energies of the Andreev levels does not depend dnas long as. <L ,,, one can assume that
5 the possibility of observation of phase-sensitive effects in the
Sﬁzﬂ[(mﬁ 1)w¥Ayx] conductance of macro;copic SNS systems _is restricted to

2L such values oL for which the normal reflection becomes

(Ay is the macroscopic coherent phase difference betwedpredominant at the NS boundaries. The latter will take place

the “mirrors”), whenA y=(2n+ 1) (¢=0). The degen- for E./T<\E./eg (Ref. 27, which 'co'r'responds, f9L¢
eracy condition thus presupposes an inversion of the phase of * @ndT~2K, to L>10 cm—the limiting scale of inter-
the resonance oscillations with respect to the phase of thgoundary distance for which the appearance of long-range
nonresonance oscillations, which corresponda fo=2n=. ~ Phase coherence is possible at helium temperaturég{

Such an inversion does take place for the oscillations of reso- 10%. ) -
nance shape which we observed. The experimentally observed phase-sensitive quantum

effects in the conductance of an SNS system of pure metals

in the region of not very low helium temperatures with

L/g?a'fv 107 find a completely reasonable explanation in the
CONCLUSIONS framework of the indicated scale of long-range phase coher-

The phase-coherent component of the dissipative eleq?nce due to the contribution of low-energy coherent excita-
ions with energie€ <T,A.
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