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DC NanoSQUID from Nb Thin Films
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We have prepared Nb thin film (thickness 80–100 nm) nanoSQUID with two symmetrically placed nanosized
constrictions in superconducting loop. The nanoSQUID was prepared in two steps: at first a microsized SQUID
was prepared and in the second step nanosized constrictions of the width of 120 nm in the SQUID loop were
created by a focused ion beam technique. We studied the electrical and magnetic properties. From the obtained
results, SQUID and constriction dimensions, the spin sensitivity was estimated to be about 50 µB Hz−1/2. Further
improvement of spin sensitivity is possible by lowering the SQUID and constriction dimensions.
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1. Introduction

Superconducting quantum interference device
(SQUID) is able to detect with an ultrahigh sensi-
tivity a magnetic flux or any physical quantity that
can be converted to a magnetic flux threading the
SQUID loop [1]. The idea of reducing the SQUID size
to improve its inductive coupling to small magnetic
particles (magnetic nanoobjects) was introduced by
Ketchen et al. [2]. Their considerations showed that
SQUID capability to detect the magnetic moment is
proportional to a diameter of its loop and the sensitivity
of miniaturized SQUID can be expressed in number of
spins or in units of the Bohr magneton µB. The au-
thors [3, 4] developed the nanoSQUIDs for the detection
of small spin populations, having a hole with size of
200 nm and resulting spin sensitivities 250 spin/

√
Hz [3]

or 65 µB/
√
Hz [4]. Recently, Pb-based nanoSQUID

(hole diameter of 46 nm) has been presented with
ultra-high spin sensitivity of about 0.4 µB/

√
Hz [5].

High magnetic moment sensitivity of SQUID can also
be obtained using the SQUID Josephson junctions with
a very small cross-section. Thus, the nanoSQUID can
have either submicron loop or nanometric Josephson
junctions. In this paper we present the properties of
Nb-based nanoSQUIDs with two nanosized constrictions
of appropriate magnetic moment sensitivity.

2. Experimental details

The nanoSQUID was prepared in two steps. In the
first step Nb-based microSQUID was created, in the
second step using focused ion beam (FIB) technique
two nanobridges of width 120–270 nm were patterned
symmetrically in the SQUID loop (Fig. 1). The mi-
croSQUID was prepared from two Nb layers separated by
Al/AlOx barrier which limits the superconducting cur-
rent in SQUID loop to level about 100 µA and ensures
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a non-hysteresis behaviour of current–voltage character-
istic. The Nb1 layer (100 nm) was deposited by dc mag-
netron sputtering on Si (001) substrate and patterned
by wet etching. The Nb2 layer (80 nm) was deposited
again by dc magnetron sputtering but patterned by a
lift-off technique. The FIB patterning was performed on
Quanta 3D 200i (FEI company) equipment. Electrical
and magnetic properties of SQUIDs were measured us-
ing 4-point dc method in an applied magnetic field.

Fig. 1. The measured nanoSQUIDs based on nano-
sized constrictions in SQUID loop. The width of con-
striction is 120 nm (a) and 270 nm (b).

3. Results
Both Nb films exhibit partially reduced critical tem-

peratures (Nb1 ≈ 8.4 K, Nb2 ≈ 8 K) and after FIB pat-
terning of nanosized constrictions an addional resistance
tail in resistance vs. temperature (R(T )) dependence
was measured (Fig. 2). Despite the suppressed supercon-
ductivity the working temperature of SQUID structure
(4.2 K) is sufficiently low for reliable performance of the
SQUID. The inset in Fig. 2 shows the SQUID temper-
ature dependence of resistance from room temperature
down to 4.2 K.

Typical current–voltage characteristics (CVCH) of
nanoSQUID for various magnetic field taken at 4.2 K are
shown in Fig. 3. The maximum critical current of about
100 µA and non-hysteretic behavior of CVCH were ob-
tained after adjustment of Al/AlOx barrier thickness be-
tween the Nb layers. Therefore we do not need to shunt
the SQUID.
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Fig. 2. The temperature dependence of nanoSQUID
resistance. The superconducting transitions of individ-
ual layers Nb1, Nb2 and two constrictions are visible.
Inset shows the dependence in temperature range 4–
300 K.

Fig. 3. The current–voltage characteristics of
nanoSQUID with constrictions (w = 120 nm) for
various magnetic field.

The dependences of SQUID voltage on applied mag-
netic field (U(B)) at various bias current are shown in
Fig. 4. One can see that the optimal bias current for
the largest voltage response to magnetic field is around
160 µA. At a current of 100 or 200 µA the SQUID
sensitivity field strongly decreases. The highest voltage
response to field (55 V/T) was observed at current of
162 µA. This value is important to estimate a spin sensi-
tivity of SQUID (in number of spins) which is defined as
Sn = 2aΦns/µ0µB or Sn = 4wΦns/αµ0µB where a is a
loop radius, Φns is the SQUID flux noise, w is the width
of constriction, µ0 is vacuum permeability, µB is the Bohr
magneton and α is coupling factor. In the second formula
the loop radius a was replaced by the effective geometri-
cal parameter 2w/α [6].

From the known sensitivity (55 V/T), SQUID area
and standard voltage resolution of electronic equipment
∆U ≈ 1 nV Hz−1/2 we can estimate the flux noise
Φns = 2.45 × 10−21 Wb Hz−1/2. Compared with the

Fig. 4. The dependences of SQUID voltage on applied
magnetic field for various bias current at temperature of
4.2 K. The maximal sensitivity (55 V/T) was obtained
at bias current of 162 µA.

value of magnetic flux quantum (Φ0 = 2.07× 10−15 Wb)
the flux noise reaches Φns = 1.19 × 10−6Φ0 which is a
typical value of flux noise of SQIUDs [7]. Considering
w = 120 nm and ideal coupling limit α = 0.5 (Fig. 5)
we obtain the spin sensitivity (in number of spins) of
202 µB Hz−1/2. The real value of coupling factor α will
be lower. The width w = 120 nm of constriction is
comparable to the London penetration depth λL. Gu-
bin et al. [8] estimated λL(0) ≈ 100 nm for Nb films
80–100 nm thick. Considering the temperature depen-
dence of λL, the screening ability of constriction is signif-
icantly decreased and we estimate that about 45% mag-
netic flux is penetrated into loop of SQUID correspond-
ing to α ≈ 0.2. In this case the spin sensitivity decreases
to about 500 µB Hz−1/2. The further optimization of
SQUID area and narrowing of constrictions can lead to
improved spin sensitivity of the prepared nanoSQUIDs.

Fig. 5. Schematics showing the coupling of magnetic
dipole to the SQUID in place of nanosized constriction.
When half of the flux lines are threaded by the constric-
tion, the ideal coupling limit of 0.5 is achieved.

5. Conclusions

We presented the possibility to prepare the
nanoSQUID with two constrictions of width 120 nm
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symmetrically placed in SQUID loop. At first the
microsized SQUID was created by a standard pho-
tolithography and wet etching and then by focused
ion beam technique the nanosized constrictions were
patterned. The current–voltage characteristics exhibited
a critical current of about 100 µA and a non-hysteretic
behaviour. From voltage vs. magnetic flux dependences
the flux noise sensitivity Φns = 1.19 × 10−6Φ0 was
determined.
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