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Constrictions Fabricated on YBCO Thin Film
using the Femtosecond Laser: Limiting Factors
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In this paper we report on the development of a new application of the femtosecond laser, namely, the
fabrication of micron, sub-micron and nano sized constrictions on YBCO superconductive thin films. The fabricated
micron, sub-micron and nano constrictions have widths of 1.09 µm, 705 nm and 394.8 nm, respectively. The
thickness of these constrictions ranged from about 160 nm to 190 nm, as defined by the depth profile on the 3D
AFM images. The length of these constrictions ranged from 7.2 µm to 7.5 µm. The length of these constrictions
depends on the size of the laser ablation spot used for cutting and on the separation distance between the laser
ablation spots along the width of the sample.
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1. Introduction

The femtosecond laser can be used in many appli-
cations such as micromachining of bulk glass [1], writ-
ing waveguides in glass [2], polymerization of inorganic-
organic hybrid materials [3], as a high accuracy optical
distance measuring tool [4], in the medical field for eye
corneal refractive surgery [5], for the fabrication of tem-
perature sensors [6], for colorizing metals [7], etc.

In this paper we report on a new application. We
use the ablative properties of the femtosecond laser to
fabricate constrictions on a superconductive YBCO thin
film. These constrictions could later be used as Joseph-
son junctions. Josephson junctions have many appli-
cations of their own, such as SQUID’s magnetic sen-
sors and as elements of qubit technology. In addi-
tion, the limiting factors for the fabrication of “nano”
constrictions are discussed.

2. Experimental details

2.1. Laser specifications and settings

The employed femtosecond laser has a wavelength of
795 nm and a pulse duration time of 130 fs. The laser
ablation width achieved using a spherical convex lens of
30 mm focal length was on average 15.53 µm. When
the separation distance between the laser ablation spots
SW was set to 16.5 µm the sub-micron sized constriction
of 705 nm was produced. With a separation distance be-
tween the laser ablation spots SW of 16.0 µm we achieved
the nano sized constriction of 394.8 nm. Lastly with a
separation distance of 17.0 µm we achieve a micron sized
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constriction with a width of 1.09 µm. This dependence
is summarized in Eq. (1);

constrict. width = SW − laser ablation spot size. (1)
The fabricated constrictions where S-shaped. With such
shape it is possible to regulate both the width and the
length of the constriction, as described elsewhere [8]. The
width is controlled by bringing the laser ablation spots
closer along the length of the thin film sample, while the
length can be controlled by separating the laser ablation
spots along the width of the thin film sample.

However, as the laser ablation spots are brought closer
together along the length of the sample the constriction
width tends to become smaller until in some instances
the fabricated constrictions would collapse.

3. Results and discussion

3.1. Factors that limit the fabrication of nanostructures

When nano-structuring a material using the femtosec-
ond laser, the width of the constriction or the diameter
of the smallest structure that can be fabricated is deter-
mined by Eq. (2) below;

d = kλ/NAq1/2, (2)
where d is the diameter of the constriction made or the
width, λ is the wavelength of the femtosecond laser, NA is
the numerical aperture of an objective plano convex lens
of the focusing optics, q is the energy band gap of the
material sample being used for nano structuring. This
equation was obtained from [9]. The main limiting fac-
tors of nano-fabrication are discussed below.

1. One of the main limiting factors for the fabrication
of nano bridges is in the specification of the lens being
used for optimizing the size of the laser ablation spot
during focusing of the laser beam. The laser ablation
spot size has to be as small as possible before cutting the
constriction on the sample. The conventional spherical
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convex lenses, such as those with a relative focal length,
place a limit on the size of the laser ablation spot they can
produce because of their reduced focusing power. The
smaller the laser ablation spot size, the smaller the con-
striction that can be fabricated. This is because if a con-
striction of nano range has to be made, then the spot size
has to be in the 1–5 µm range, so that the laser ablation
spots can be brought closer to one another without clip-
ping the constriction bridge. The objective plano convex
lenses with such numerical apertures NA as 0.25, 0.40,
0.65 are more suitable to produce smaller laser ablation
spot diameters and hence smaller constrictions because
they are able to converge the laser beam more. Hence
they are able to produce smaller ablations spots.

2. The energy band gap of the material being used
for nano-structuring, in this case the YBCO thin film,
also plays a role. The materials with a higher energy
band gap tend to have the capability of producing smaller
constriction sizes. For example YBCO thin film has an
out-of-plane energy band gap of 5 meV [10] which allows
it to produce nano structures somewhere in the limit of
400 nm. This could be one of the reasons why when the
constriction of nano size (394.8 nm) was produced, the
walls of the constriction had a tendency to collapse after
fabrication. Other factors that contribute towards the
collapse of the constriction include how close the abla-
tion spots are brought to each other, vibration and the
temperature in the clean room while cutting.

3. The last limiting factor is the radiation wavelength
of the laser being used. The femtosecond laser used for
this experiment had a radiation wavelength λ of 795 nm.
Essentially this places a diffraction limit on the light that
is incident on the sample from the laser when cutting.
This limit also reduces the chances of cutting constric-
tions with diameter less than 795 nm without collapsing
the constriction.

3.2. Nano constriction (0–500 nm)

The nano sized constriction was fabricated with the
following laser settings; separation distance between the
laser ablation spots SW = 16.0 µm, the laser ablation
spot size of 15.53 µm, laser power setting 2.035 mW
and in the optical set up a spherical convex lens of fo-
cal length of 30 mm was utilised. The constriction width
was measured and was determined to be 394.8 nm using
the amplitude line fit, as can be seen in Fig. 1b. The
scan area in Fig. 1 was set to 20.2 × 20.2 µm2 using
the AFM software [11], which enables one to see that
the constriction is clipped and not geometrically contin-
uous. Figure 1a shows the topography line fit and Fig. 1b
shows the amplitude line fit used to determine the width
of the constriction.

3.3. Sub-micron sized constriction (500–1000 nm)

For the sub-micron sized constriction the separation
distance between laser ablation spots SW was 16.5 µm.
The laser ablation spot size was 15.82 µm. The fabricated
constriction is geometrically continuous as can be seen in

Fig. 1. AFM image of the nano constriction with the
width of 394.8 nm.

Fig. 2a. The scan area was set to 16.4 × 16.4 µm2 and
the constriction width was measured to be 705 nm using
the amplitude line fit of the constriction in Fig. 2b.

Fig. 2. AFM image of the sub-micron constriction with
the width of 705 nm (shown by the black arrows in the
profile image).

3.4. Micron sized constriction (above 1000 nm)

The micron sized constriction was fabricated with
the separation distance between the laser ablation spots
SW = 17.0 µm. The laser ablation spot size was
15.23 µm, which is slightly less than the ablation spot
size for the nano constriction. The laser power was set to
2.0 mW and a spherical convex lens with a focal length
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of 30 mm was used. The constriction width was deter-
mined to be 1.09 µm, as can be seen from the amplitude
line fit in Fig. 3b. The fabricated constrictions and their
physical dimensions are summarized in Table I. Figure 3a
shows the topography line fit of the constriction.

Fig. 3. AFM image of the micron constriction with the
width of 1.09 µm.

TABLE I
Summary of prepared constrictions with all
specifications.

Constriction type Nano Sub-micron Micron
Number 1 2 3
SW [µm] 16.0 16.5 17.0
Qubit number on YBCO films 3rd 5th 4th
Constriction width [nm] 394.8 705 1090
Ablation spot diameter [µm] 15.53 15.8 15.23

4. Conclusions

We demonstrated a new application of femtosecond
laser in fabrication of micron, sub-micron and nano sized
constrictions that could be used as Josephson junctions.
A 395 nm, 705 nm and 1.09 µm wide constrictions where
fabricated. The limitations of using the femtosecond laser
as a nano structuring tool where discussed. The separa-
tion distances between the laser ablation spots SW and
the ablation spot sizes were determined experimentally
for each constriction in order to be able to fabricate these
constrictions.
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