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The dc SQUID layout: two Josephson

junctions with phase differences ®1,2. The difference,
= 2, is determined by the flux
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Elementary scattering processes in a volta

(b)

ge-biased open channel between two superconductors.

Electrons (holes) acquire energy eV when
Quasiparticle states are available in the shaded
transferred from the left to the right in one sho
and get to the left at a higher energy. (c) Multi

crossin

p

g the dashed line from the left (right).
regions. (a) If eV > 2A, a quasiparticle can be
t. (b) Alternatively, it may be Andreev-reflected
le Andreev reflections are required for such

processes at eV « A. The process shown transfers five elementary charges and is enabled at

5eV = 2A.
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es of a single-channel superconducting junction. The transmission eigenvalue Tp increases

from 0.1 (lomfest curve) to 1 (upper curve) with step 0.1 except for the curve below the upper
curve, for which 7, = 0.98. Vertical dotted lines indicate threshold voltages V-V,
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FIG. 1. Measured current-voltage charactenistics (symbols) of

four different configuranons of sample #1 at 30 mK and
best numerical fits (lines). The individual channel transmis-
sions and total transmission 7 obtained from the fits are

elastic
substrate

(@) 71 = 0997, 75 = 046, 73 = 029, T = 1.747. (b) 7, =
074, 72 = 0.11. T =085: (c) 7y = 046, 70 = 035, 73 =
oountersupports 0.07. T = 0.88: and () T = 7, = 0.025. Voltage and cur-

3 i i ; 3 rent are in reduced units. The measured superconducting ga
FIG. 2. Three-point bending l'llt:l.‘ll'dl'llSlll.' The pushing rod .4 Je = 1825 = 2.0 uV. Left inset: %momiml H?’s'fo!:-
bends the phosphorbronze substrate. The distance between the  ; gingle channel superconducting contact for different values of
two countersupports was 12 mm, and the substrate was 0.3 mm  its transmission coefficient 7 (from bottom to top: 0.1, 0.4, 0.7,
thick. The micrograph shows a suspended Al microbridge 0.9, 0.99, 1) after [12]. Right inset: Typical total transmission
(sample #2). The insulating polyimide laver was etched to free  traces measured at V = 5 A/e. while opening the contact at
the bridee from the substrate. around 6 pm/s, for samples #1 and #2. The bar indicates the

o distance scale,
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FIG. 3. Measured (I/7) (circles) as a function of voltage for
a contact obtained on sample #3. We have used reduced
quantities on both axes. Also shown are four calculated curves
for different transmission sets {r;}: {5}. five channel best fit.
T = 196: {5a} and {5b}. five channel curves with slight
deviations from best fit ensemble but the same 7T : {4}. four
channel best fit, T = 1.94. Inset: Set {r;} for the four
calculated curves. The set {5a} was obtained from {5} by
reducing the transmission of the most transmitted channel by
0.75% of T, and increasing the other four accordingly. The
set {5b} was obtained from {5} by setting the transmissions
of the two less transmitted channels to their average value.
keeping the three others the same. The measwred gap was
Afe = 185 = 2 uV. The disagreement between experimental
and theoretical curves below V = 2A/4e is attributed to a
resonance of the electromagnetic environment of the device
[24] (see text).
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The bottom panel of Fig 4 shows in detail the evo-
Iution of {r;} on sample #3, as the contact is opened.
The upper panel of Fig. 4 shows the evolution of the total
transmussion 7 as obtained from the sum of all mdividu-
al transmissions. There are several remarkable features
in this evolution First, the abrupt changes in 7T corre-
spond generally to a complete rearrangement of the trans-
mussien set. Second. even dunng the meore continuous
evolution on the tilted plateaus the variations of T arise
from changes in several of the individual channels. Rubio
et al. [23] proved that the jumps in conductance cor-
respond to abrupt atomic rearrangements, and the tilted
plateaus to elastic deformation of the contact. We can
now extend their conclusions to the mransmission of the
individual conductance channels: The 7; are fully deter-
mined by the atomic configuration. These findings are
consistent with the predictions of molecular dynamics cal-
culations [26.27] and simplified models [28]. Third. the
number of contributing channels does not always change
when the total conductance changes abruptly. As shown
in Fig. 4, some of the rearrangements of {r;} do not in-
volve the appearance (or the disappearance) of channels.
The number of channels sequence shown in Fig. 4 is not
umversal: in particular, contacts with two or four active

hannels can also be found. Fourth, more than one chan-

el contributes to the transport even for contacts with a to-
tal conductance lower than G This is a general feature:
once in the contact regime. we never find contacts that can
be described by a single channel. even when G << Gp. In
the case of Al each atom contributes three orbitals to the
conduction band and up to three channels can appear in a
single atom contact [2.3]. Measurements on other super-
conductors are in progress.

time (s) more Ko one. Maammag eorten ,‘{ 5;3'&
FIG. 4. Top panel: total wansmission T = ¥ 7, as a function of tune. as deduced from the best fit of the IPs rycorded on flight
while opening sample #3 at 0.5 pm/s. Bottom panel: evolution of individual transmission coefficients 7; as deduckd from the fit:
(@) channels determined with an accuracy of 1% or better of total ransmission 7 ; (O) channels determined with 8y accuracy of
3% of T or better. The vertical lines correspond to conductance jumps. For each region we have indicated the minidyum number
of channels necessary to fit the data. In the last contact before the jump to the tunnel regime three channels contribute Nguificantly
to the current.  The upper x axis scale indicates the approximate vanation of the distance berween anchors. The onNn of the

distance axis has been set to the point where the contact breaks and enters the el regime.
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