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In this work, we realize a physical system—nanoengineered singly connected Josephson junction
with a periodic superparamagnetic Ni/Al multilayer—that manifests supercurrent-versus-magnetic field
response typical of a dc superconducting quantum interference device (SQUID); however, unlike a
SQUID, which involves a superconducting loop occupying significant space, our lumped device is more
suitable for miniaturization. In addition, we show that it exhibits enhanced magnetic field sensitivity as
compared with conventional superconductor-insulator-superconductor Josephson junctions. SQUID-like
oscillatory response to external magnetic fields, analogous to the two-slit optical interference, is explained
in terms of the dominance of Andreev bound states localized at the barrier edges in the comparatively thick
and strongly anisotropic weak links. Our results may lead to significant advancement in development of
nanoscale magnetic sensing techniques applicable to individual molecules or magnetic nanoparticles.
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Recent advances in magnetic detection and imaging
have led to significant progress in areas ranging from fun-
damental physics and chemistry to practical applications
such as medical science and data storage. The drive to
shrink the region being probed below the micron scale
in order to sense strongly localized and very weak mag-
netic fields arising from individual molecules or magnetic
nanoparticles requires alternative approaches to nanoscale
magnetic field sensing.

Superconducting quantum interference devices
(SQUIDs) are currently a commercial “gold standard” in
weak-field magnetic sensing. By integrating the Josephson
effect with the magnetic-flux quantization in superconduct-
ing rings, they represent one of the most striking manifes-
tations of macroscopic quantum coherence in condensed
matter. The need for nanoscale sensors has triggered the
development of miniaturized SQUIDs aiming to combine
high-sensitivity detection of very weak magnetic fields
with nanometer-scale spatial resolution [1–4].

To improve the sensitivity and spatial resolution, the
lateral dimensions of the detection loop of the SQUID
should approach the size of the probed nanoparticle. In
this case, the advantage of a conventional SQUID over a
single Josephson junction (JJ) diminishes. When the size of
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the superconducting loop shrinks, ultimately, the sensing
area will be determined mainly by the London penetra-
tion depth, similarly to a single superconductor-insulator-
superconductor (S-I -S) JJ. Therefore, at the nanoscale, a
single JJ can compete as a sensitive magnetic field sen-
sor [4–6]. Here we explore a promising junction design for
nanoscale field sensing.

An ordinary S-I -S JJ is not suitable for this role because
of the requirement that, at the operating temperature T,
the Josephson energy hIc(T)/2e (where Ic is the Josephson
critical current) should strongly exceed the thermal fluc-
tuation energy kBT. Estimates [4] show that, for T ≈ 4 K,
the critical current density, Jc, should be of the order
of 109 A/m2, which is hard to achieve with S-I -S junc-
tions. The second problem is their significant capacitance
leading to (i) hysteretic current-voltage characteristics that
will interfere with optimal performance of nano-SQUIDs,
and (ii) limitations of their high-frequency performance.
Replacement of the insulating interlayer with a normal-
metal (N ) weak link allows for the required increase in Jc,
intrinsic damping, and reduced capacitance.

The goal of this work is to propose a method to design
a Josephson junction with normal (N ) material provid-
ing maximum sensitivity to weak magnetic fields while
maintaining a single-valued dependence of the critical
current on the field. Enhancement of the field sensitiv-
ity can be achieved by using a magnetic material with a
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high permeability as a barrier [7] or a part of the bar-
rier [8]. In addition, the magnetic material should have zero
coercivity to avoid hysteretic behavior, thus a superparam-
agnetic response is essential. Superparamagnetic materials
are promising for many applications starting from mag-
netic field detectors [9–11] and memory [12] to stochastic
computing [13]. To our knowledge, only a few publi-
cations report the use of superparamagnetic materials in
Josephson junctions [7,8] to enhance their magnetic field
sensitivity. Typically, these materials are alloys of differ-
ent ferromagnets, or magnetic and nonmagnetic materials
[7,9,10,12]. An approach reported in Ref. [8] and fur-
ther developed in the present work is to use an artificial
superparamagnet consisting of alternating nanolayers of
a magnetic and a nonmagnetic metal; such an artificial
superparamagnet potentially, allows for much greater flex-
ibility in the choice of materials and tailoring the desired
magnetic properties. This is especially important if one
combines the superconducting and magnetic properties in
the same device.

In the devices reported by Golod et al. [7], an increased
field sensitivity is achieved not only by using a high-
permeability material (Cu-Ni alloy), but also by exploiting
the field-focusing effect. The latter, however, may pose
a drawback if one is trying to achieve the highest spa-
tial resolution. The devices reported by Nevirkovets and
Mukhanov [8] are free from this drawback, and they
manifested a higher field sensitivity (as measured by the
magnetic field needed to form one period of the diffrac-
tion pattern for the same sensing area) than reported for
typical Nb-based micro- or nano-SQUIDs [14–20], but
they involved an insulating barrier, which, for very small
JJ lateral dimensions, resulted in a low Ic. The aim of
the present work is to demonstrate that the same oscil-
latory, SQUID-like, behavior of the Ic(H ) dependence is
observed for small (approximately 1 μm size) devices with
an artificial superparamagnetic weak-link (WL) spacer that
is a (Al/Ni)nAl multilayer without any insulating barrier;
owing to the absence of the insulating barrier, the devices
have appreciable Ic magnitude. Moreover, we propose a
theoretical model that explains the observed behaviors.

Here we consider devices patterned from Nb/

(Al/Ni)10Al/Nb [S-(N/F)nN -S] multilayer structures.
The structures are deposited onto the oxidized Si substrates
in situ using dc magnetron sputtering at room tempera-
ture. The thickness of the bottom and top Nb layers is 120
and 68 nm, respectively. The thicknesses of the Al and Ni
layers, dAl and dNi, composing the periodic (Al/Ni)n struc-
ture are varied. In this work we describe the devices with
dAl= 3.1 nm and dNi=1.34 nm.

The multilayer pillars are patterned using opti-
cal lithography, reactive ion etching (RIE), Ar ion
milling, and anodization followed by deposition of
additional SiO2 insulation. After deposition of a thick
(approximately 300 nm) Nb wiring layer followed by
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FIG. 1. (a) Schematic view of an S-(N/F)10N -S junction and
(b) I-V curves for three nominally identical 1.5 × 1.5 μm2 (black
curves 1–3) and 0.9 × 0.9 μm2 (blue curves 4–6) S-(NF)10N -S
devices with S = Nb, N = Al, F = Ni; dAl= 3.10 nm, and
dNi = 1.34 nm.

lift-off, the Josephson devices are formed for four-probe
measurements. The lateral dimensions of the JJs are
1.5 × 1.5 μm2 and 0.9 × 0.9 μm2. A schematic view of
the devices is shown in Fig. 1(a).

The samples are characterized at 4.2 K in a liquid He
bath. Current-voltage characteristics (I-V curves) of differ-
ent Nb/(Al/Ni)10Al/Nb junctions are quite reproducible.
Figure 1(b) illustrates this by showing the I-V curves for
three (nominally identical) 1.5 × 1.5 μm2 (black curves
1–3) and three 0.9 × 0.9 μm2 (blue curves 4–6) junctions.
Note that the I-V curves display supercurrents, indicating
the presence of a long-range proximity effect in the N-F
multilayer [21].

In order to characterize the magnetic state of the Al/Ni
multilayers, we fabricate a large area, 5.5 × 11.4 mm2,
Nb/(Al/Ni)70 sample on a Si/SiO2 substrate with
dAl = 3.10 nm and dNi = 1.34 nm, and measured its mag-
netic moment M as a function of H applied parallel to the
layers at 10 K, just above the critical temperature of Nb,
Tc ≈ 9 K. The M (H ) dependence is shown in Fig. 2; it dis-
plays almost no hysteresis and saturates at H ≈ 2 kOe. The
black squares, blue triangles, and red circles in Fig. 2 cor-
respond to different sweeping directions of the magnetic
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FIG. 2. Magnetic moment versus magnetic field dependence
measured at 10 K for a periodic structure comprised of 70
Al/Ni periods with dAl= 3.1 nm and dNi = 1.34 nm; the exter-
nal magnetic field H is applied parallel to the layer planes.
Black squares, blue triangles, and red circles correspond to differ-
ent field-sweeping directions denoted by respective arrows. The
magenta solid line is a fit of the experimental data to the form
M (H ) = 1.15 × 10−4 tanh(13.3H ) emu with H in kOe. The left
inset shows M (T) measured at H = 500 Oe in the field-cooled
regime; note there is the signature of a magnetic transition at
about 30 K as indicated by the arrow. The right inset shows the
inverse dc susceptibility as a function of T below 30 K (squares)
compared with a linear behavior (blue solid line) expected for the
superparamagnetic regime.

field identified by the respective arrows. The M (T) depen-
dence measured at H = 500 Oe in the field-cooled (FC)
regime indicates a transition from a diamagnetic response
to a magnetically ordered state at about 30 K (see the left
inset in Fig. 2). The data contain diamagnetic contribu-
tion from the Si/SiO2 substrate [22]; since the temperature
dependence of the susceptibility for diamagnetic materi-
als is very weak, the diamagnetic background is subtracted
from the magnetization data and the dependence of the
inverse dc susceptibility, defined as 1/(4πχ ) ≡ H /M, on T
is calculated. It can be well fit by a straight line that inter-
sects the horizontal axis at 3.6 K (see the right inset in Fig.
2). Note that at 4.2 K 4πχ ≈ 4.4 and μ = 1 + 4πχ ≈ 5.4.
Therefore, the contribution of 4πM to the magnetic field
B in the Al/Ni multilayer is several times greater than the
external magnetic field H.

The linear behavior of the inverse dc susceptibility is
consistent with a Curie-Weiss law χ (T) = C/(T−θ ) known
to reflect a superparamagnetic behavior commonly exhib-
ited by small clusters of a ferromagnetic material whose
size is below some critical nm-scale diameter. If all the
particles are identical, their easy axes are aligned with the
applied field; at a low enough temperature, the magnetiza-
tion of the assembly behaves as

M (H) = nμ tanh(μH/kBT)

for T >θ , where n and μ are the number density and mag-
netic moment of the nanoparticles in the sample, respec-
tively. The main panel of Fig. 2 shows good agreement
with this M (H ) behavior (magenta solid line).

From this fit, we can estimate the magnetic moment
of a single Ni nanoparticle to be μ = 2.07 × 10−19 emu,
and knowing the bulk saturation magnetization of Ni,
Ms ∼ 57.8 emu/g, and the density, find the radius of our
nanoparticles r. Such a rough estimate gives r ∼ 2.1 nm in
agreement with the thicknesses of the Ni films, as well as
with the literature data for ultrathin Ni layers in the range
below 2 nm [23] and for spherical Ni nanoparticles with a
2-nm radius at T = 4.49 K [24]. Hence, we conclude that
our (Al/Ni)nAl multilayer is in a superparamagnetic state.
An advantage of using a superparamagnetic material is the
absence of coercivity and remanent magnetization, which
allows one to avoid magnetic hysteresis and associated
losses.

Our S-(N/F)nN -S Josephson junctions are unusual in
that they display a supercurrent across the (N/F)nN mul-
tilayer with a total thickness of about 50 nm, see Fig. 1(b).
Indeed, the total thickness of the Ni layers in the samples,
d�Ni= 13.4 nm, significantly exceeds the induced coher-
ence length ξNi that is about 2 nm in our Ni films [25].
Although both d�Ni and ξNi may be affected by possible
interdiffusion of Al and Ni [26,27], we believe that, first of
all, the relation d�Ni � ξNi becomes possible due to super-
paramagnetic ordering in the (N/F)nN system (see also
related arguments in Ref. [23]). Such a configuration is not
expected to support spin-triplet pairing; therefore, we sug-
gest that the observed long-range proximity effect in our
multilayered junctions is realized within a conventional
singlet Cooper-pair framework. A second factor support-
ing superconducting correlations at such long distances is
the proximity effect in Al interlayers [21].

We now focus on Ic(H ) dependences exhibited in Fig.
3(a) for our two types of JJs whose I-V curves are shown
in Fig. 1(b). The open triangles (upper curves) are for
the 1.5 × 1.5 μm2 junction, whereas solid triangles and
solid blue stars (lower curves) are for the 0.9 × 0.9 μm2

junction. The Ic(H ) data displays typical dc SQUID char-
acteristics, which distinguishes them from the Fraunhofer
patterns of lumped junctions: in particular, (i) there is no
difference between the width of the central lobe and the
side lobes, and the ratios of the maxima positions in the
Ic(H ) dependence are integers; (ii) the envelope function
is smooth and decreases very slowly with increasing field;
and (iii) a nonzero supercurrent is present at the minima,
in contrast to the Fraunhofer pattern. The behavior of the
SQUID-like oscillations may be slightly hysteretic when
measured over a higher field interval, as shown by red and
black solid triangles in Fig. 3(a) for a smaller junction;
when measured over a smaller field interval ±140 Oe, the
Ic(H ) dependence for the same junction is nonhysteretic.
In Fig. 3(b), we also show the Ic(H ) dependence calculated
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according to the usual formula Ic ∝ |sin(π�/�0)/(π�/�0)|
for a 0.9 × 0.9 μm2 Nb/Al/AlOx/Nb junction (blue dashed
line). In this calculation, we use a magnetic field pene-
tration depth λL = 91 nm for our Nb films obtained from
the experimental Fraunhofer pattern of a 10 × 10 μm2

Nb/Al/AlOx/Nb junction measured at 4.2 K. One can see
that the period of this dependence is considerably larger
than that obtained experimentally for the 0.9 × 0.9 μm2

Nb/(Al/Ni)10Al/Nb junction. We associate the smaller
period of the Ic(H ) dependence in the junctions involving
the N-F multilayer weak links with an enhancement of the
magnetic flux in the multilayers that behave as artificial
superparamagnets (by analogy with the artificial ferromag-
nets) [21]. Figure 3(b) shows the results of a theoretical
simulation for the junctions involving N-F multilayers
using a model described below.

In conventional JJs, the sensing area s can be estimated
knowing the lateral size of the junction, w, and the effective
magnetic thickness t = d + 2λL, where, d is the thickness of
the oxide interlayer and λL is the London penetration depth
[28]. For the samples with an (Al/Ni)10Al WL, a modified
term in the effective magnetic thickness appears [29]:

t′ = μd + 2λL, (1)

where d is the total thickness of Ni and Al nanolayers,
μ = 1 + 4πχ is the permeability averaged over the hybrid
weak link, and λL = 91 nm. For our 1.5 × 1.5 μm2 junc-
tion, using the period of Ic(H ) oscillations 	H ≈ 36 Oe
(cf. Fig. 3), and taking into account that 	H = �0/s′ with
s′ = wt′ (see below), we obtain μ ≈ 4.3, implying a signif-
icant amplification of the magnetic field H by the artifi-
cial superparamagnetic medium inside the JJ. This value
reasonably agrees with μ ≈ 5.4 obtained above from the
analysis of the M (T) dependence.

In order to explain an oscillatory Ic(H ) pattern in our
junctions, we consider a model superconductor–normal-
metal–superconductor (S-N-S) junction of width w and the
WL thickness d; see schematic of the device in Fig. 4(a).
The dependence of Ic versus magnetic field, B, is then
given by [28]:

Ic(B) = max|Is(B)| =
∣∣∣∣
∫ ∞

−∞
Jc(y) exp(2π it′By/�0)dy

∣∣∣∣ .

(2)

A uniform distribution of the supercurrent density
Jc(y) = J0 = const leads to the standard Fraunhofer inter-
ference pattern with the usual |sin(π�/�0)/(π�/�0)| form
where the amplitude of the oscillations decays with the
magnetic flux as �−1, and the central lobe is twice as wide
as the side lobes [28].

In order to explain the unconventional behavior of
our junctions, we consider dephasing accumulated by an
electron (or a hole) during its chaotic motion across an
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FIG. 3. (a) Representative Ic(H ) patterns for 1.5 × 1.5 μm2

(open triangles, upper curves) and 0.9 × 0.9 μm2 (solid triangles
and stars, lower curves) Nb/(Al/Ni)10Al/Nb devices whose I-V
curves are shown in Fig. 1(b). Black and red symbols correspond
to different directions of the magnetic field swept within a rela-
tively high-field interval. The nonhysteretic dependence plotted
with solid blue stars is for the 0.9 × 0.9 μm2 device measured
in a relatively low-field interval. (b) Theoretical simulations for
the two types of Nb/(Al/Ni)10Al/Nb Josephson junctions (red
curve is for 1.5 × 1.5 μm2 and black curve is for 0.9 × 0.9 μm2

junctions), and for a 0.9 × 0.9 μm2 Nb/Al/AlOx/Nb Josephson
junction having the same Ic magnitude as that for the smaller
Nb/(Al/Ni)10Al/Nb junction (blue dashed curve).

inhomogeneous WL. Electronic and transport properties of
diffusive S-N-S structures in the presence of a perpendicu-
lar magnetic field attracted considerable attention. In wide
diffusive junctions, several experiments have revealed a
Fraunhofer-like Ic(H ) dependence in excellent agreement
with the theory [28]. At the same time, in narrow junc-
tions the magnetic interference pattern is replaced by a
monotonic decay of the critical current with increasing
fields [30]. The crossover from narrow-junction to wide-
junction behavior was studied theoretically in Ref. [31]
where it was shown that the magnetic length ξB = √

�0/B
sets the border between the two regimes. Aleiner et al.
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(a)

(b)

FIG. 4. (a) Schematics of the Josephson S-N-S junction with
a diffusive weak link where the path length l strongly exceeds
the distance d between the S electrodes. The x axis is directed
perpendicular to the S-N interfaces which lie parallel to the y-
z plane at x = −d/2 and d/2. The field B is applied along the
z axis and the vector potential is A = −Byx̂. The structure is
translationally invariant along the z direction. (b) Supercurrent
density profiles Jc(y) for the two junctions with w = 1.5 μm
and w = 0.9 μm (lower red and upper blue curves, respectively);
the fitting parameter l = 0.045 μm is used to fit measured Ic(H )
dependences [cf. Fig. 3(b)].

[32] analyzed quantum corrections to the probability of
electron motion between two points in a singly connected
diffusive conductor and found that the length scale ξB
determines their strong spatial decay due to an uncon-
strained summation of a large number of rapidly oscillating
contributions from different trajectories inside the bulk. At
the same time, the presence of a nearby boundary imposes
a sharp geometrical constraint on the allowed paths, which
enhances the quantum interference effect. As a result, it
gives rise to a type of Aharonov-Bohm oscillations, which
reveal themselves in singly connected geometries due to
the surface effects [32]. The role of the supercurrent local-
ization near the edges of a diffusive Josephson junction was
emphasized in Ref. [33]. The analysis [33] confirmed the
presence of the damped-oscillating regime in wide samples
where the junction width strongly exceeds the magnetic

length ξB [31]. The period of Ic versus B oscillations is
found to be the same as that in the Fraunhofer interference
pattern while the exponentially decaying factor resembled
the damped regime for narrow junctions.

The above theoretical results [31–33] for diffusive
Josephson junctions predict a decaying Ic versus B curves
with or without oscillations, whereas in our junctions (cf.
Fig. 3) the oscillations decay very weakly with increas-
ing field. Hence, we believe we have a physical system
where an alternative physical mechanism is at work, which
is related to strongly anisotropic properties of our WLs.
Such a system was not considered in previous theoretical
studies.

The anisotropy, a key factor in our theoretical inter-
pretation, arises due to the layered structure of the WL
where the diffusion coefficient for the movement across
the metallic layers, Dx, is much smaller than it is parallel
to them, Dy . For an Andreev-bound state, the dephasing
effect is characterized by the average f (y) = 〈exp(−iφ)〉
of the phase factor φ = (2π i/�0)

∫
A(r)dr along all diffu-

sive paths within the WL starting at the y coordinate, with
A being the vector potential. If y lies in the central part of
the WL, a huge number of contributions with random signs
largely cancel each other, and for a given diffusive time τ

yield

〈
exp

(
−2π i

�0

∫
A(r)dr

)〉

=
〈

exp

(
−1

2

(
2π

�0

∫
A(r)dr

)2
)〉

= exp
(

−π2DyB2d2τ

3�2
0

)
= exp

(
− τ

τB

)
(3)

with τB = 3�2
0/(π

2Dyd2B2). The probability to cross the
WL in a fixed time τ is proportional to exp[−d2/(4Dxτ)],
thus finally we find that

〈
exp

(−(2π i/�0)
∫

A(r)dr
)〉

is
proportional to exp(−d2/ξ̃ 2

B) with ξ̃ 2
B = ξ 2

B/
√

Dy/Dx =
�0/(

√
Dy/DxB). Hence, similarly to results of Ref. [32],

the current in the central part of the WL can be strongly
suppressed by the randomness when the WL thickness is
relatively large and the condition Dy � Dxis satisfied. Let
us stress again that in a strongly anisotropic WL the char-
acteristic length ξ̃B replaces the well-known ξB value and
that the SQUID-like oscillations are arising when w � ξ̃B.

In contrast to the central part of the WL, the current sur-
vives for electron trajectories confined to its edges. Indeed,
for the near-edge trajectories, the integration in Eq. (3)
is only one sided [over δy >−w/2 or δy < w/2 at the left
(right) boundary]. In this case, the near-edge currents are
not as strongly suppressed as those in the WL central
region. A more precise analysis would depend on the scat-
tering processes from the boundaries. For the main part
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of near-surface trajectories, we are dealing with a power-
law decay while “skipping orbit” trajectories shown in
Fig. 1(d) of the paper [32] result in an exponential decay
that is weaker than that in Eq. (3). Since our knowledge
of charge scattering from edges is limited, we restrict our-
selves to a phenomenological model that postulates an
edge-dominated transport within the near-edge region.

As an oversimplified model for our qualitative discus-
sion, we assume that the current varies along w as Jc(y) =
const

∣∣∣∫ w/2
−w/2 J0 sinh[π(y − y ′)/2l]dy ′

∣∣∣, where l is an aver-
age decay length in the y direction. For d � w, the Ic(�)
pattern can be found using Eq. (2).

In Fig. 4(b) we plot two spatially dependent Jc(y) curves
used for the simulations shown in Fig. 3(b). The curves
are calculated for w = 0.9 μm and w = 1.5 μm using l as a
fitting parameter; for l = 0.045 μm, we obtain the best fit
to both experimental Ic(H ) dependences in Fig. 3(a). The
calculations are performed using the effective magnetic
thickness t′ with d = 47.5 nm, μ ≈ 5.4, and λL = 91 nm in
Eq. (1) and the two w values. Results of the Ic(H ) simula-
tions, where amplitudes of the calculated dependences are
adjusted to respective experimental Ic values, are shown in
Fig. 3(b) together with the standard Fraunhofer pattern for
an S-I-S junction with w = 0.9 μm. The period and general
character of the measured Ic(H ) curves are well reproduced
by our oversimplified model.

Note that in the experimental Ic(H ) dependences, the
oscillations discussed above are superposed over a broad
background observed in all studied samples. Similar quasi-
Gaussian decay of the critical current with field has been
predicted [31,33] and observed [30] for long narrow JJs
with Ag nanowires coupling superconducting electrodes.
Earlier, it was shown theoretically [34,35] that, for the
coherent regime, the total dc current in a symmetric two-
barrier JJ is given by the integration of a single-channel
result over the distribution function peaked at the barrier
transmission coefficients D = 0 and D = 1. We suggest that
similar situation may take place in our multilayer structure;
i.e., the presence of the high-transmission narrow channels
with D ∼ 1 generates a quasi-Gaussian broad contribution
to the Ic(H ) dependence, while the rest of the channels are
responsible for oscillations discussed above. Clearly, this
matter requires further investigation.

The proposed devices overcome the main obstacles on
the way towards application of single Josephson junctions
in nanoscale magnetometry. First, Jc is only slightly below
the required value [4] of about 109 A/m2 needed to over-
come thermal fluctuations in nanoscale JJs at an operating
temperature of several kelvins. For our Nb/(AlNi)10Al/Nb
devices, we estimate Jc to be about 0.3·109 A/m2. Further
optimization is required for obtaining the desired value
of Jc. Another requirement [4], a nonhysteretic current-
voltage characteristic, is realized in our devices as well
[cf. Fig. 1(b)]. The reason for this is that our devices

are intrinsically shunted JJs with strongly disordered local
weak-link transmission probabilities being tiny for the
main (internal) part of the JJ, whereas a small part of the
interface is well transparent [35]. Because of the absence
of an insulating WL, our devices have small capacitance.
The superparamagnetic property of the WL allows us to
enhance the field sensitivity and, simultaneously, to avoid
the hysteresis. An important innovation is using an artifi-
cial superparamagnet for WL, which, potentially, allows
for flexibility in design of magnetic properties and for a
broader choice of materials not only for development of
magnetic JJs, but also for other applications. When using
JJs as magnetic sensors, increasing the number of magnetic
layers in our devices may lead to improvement of the field
sensitivity, but also to adverse reduction of the Ic magni-
tude. Our theoretical model suggests that the solution may
be to deposit thin conductive (or superconductive) layers
onto the two opposite edges of the N-F stack, thereby
providing the two edge channels for the supercurrent.

In conclusion, the hybrid S-(N/F)nN -S devices pro-
posed in this work have the potential to replace ordinary
dc SQUIDs in the nanoscale magnetometry, since they are
much more suitable for miniaturization and for detection
of low magnetic fields from nanosize objects, as well as
for the development of other devices exploiting quantum
interference effects.
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