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Femtosecond Laser Based Method for Fabrication of Micro- and Nano-

Constriction Type Structures on a YBa>Cu307.x Superconducting Thin Film

FIELD OF THE INVENTION

This invention relates to a Femtosecond Laser based method for
fabrication of micro- and nano-constriction type structures on a YBaxCuszO7x

Superconducting thin film and to a new superconductor device.

BACKGROUND OF THE INVENTION

Constriction type Josephson junctions, Superconducting Quantum
Interference Devices (SQUIDS) and Microstripline resonators are important
superconducting devices that have unique properties and advantages for applications in
the fields of sensors & detectors, advanced electronics, imaging, in communication
industries and quantum computers. With the discovery of the YBa>,CuszO7-x (YBCO)
superconductor and of very high quality thin films of the same, now superconducting
devices based on YBCO which operate at liquid nitrogen temperature are possible. For
this reason, there is an increased activity in the fabrication of Josephson junctions,
SQUIDS and the like. Furthermore, patents in this area, such as EP 0 384 521 and
US4985117A, reflect the commercial importance of these devices. Itis an object of the
invention to provide micro — and nano planar structures on YBCO superconducting thin
films, that give (a) constriction type Josephson junctions, (b) SQUIDS, and (c) micro-

stripline resonators.

SUMMARY OF THE INVENTION

According to one aspect of the invention, there is provided a method of
manufacturing micro- and nano-constriction type structures on a YBCO thin film, the
method including

ablating a predefined pattern onto the thin film by means of a femtosecond

laser.
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In this specification, the definition of micro-constriction type structures

relates to structures of which the constriction size is in microns and submicrons.

In this specification, the definition of nano-constriction type structures

relates to structures of which the constriction size is in the nanometer scale.

The term ablating is used to include both processes of ablation and
etching, as the effect of the laser on the thin film includes both processes. It is thus
to be appreciated that the term ablating is intended to also include etching and

lithography.

The thin film may be a YBaxCusOz-x thin film. The thin film may
previously be deposited on any one of: a Magnesium Oxide (MgO) substrate or a

Lanthanum Aluminate (LAO) substrate.

The femtosecond laser parameters may be in the following ranges:
the power of the laser to a value of between 1mW and 1W,
the repitition rate of the laser to a value of between 1kHz and 2kHz;
the laser beam feed rate to a value of between 16.6um/s and 500um/s;
the pulse duration to a value of 130fs;

and the laser beam spot size to a value of between 7.3um and 17um.

The method may include controlling the laser beam separation distance

between laser ablation spots in the range of 8um to 18um.

The laser may have a wavelength of about 795nm, a pulse duration of

about 130fs and a repetition rate of between 1kHz and 2kHz.

The predefined pattern may define any one of a constriction type
Josephson Junction and an S-shaped contriction, in which the constrictions range
from micron to nano size. An S-shaped constriction is defined by two opposed
parallel lines, of which an end of each line overlaps at least partially to define a

constriction between them, the constriction being of a specific length and width. The
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spacing between the lines may be in the range of 5um to 10um along the width of the
thin film.

The predefined pattern may be a complex pattern that defines a
composite device in the form of any one of a Superconducting Quantum Interference
Device (SQUID) from Josephson junctions and a micro-stripline resonator from

micro-strips.

The predefined pattern to be ablated may be defined by controlling the

movement of a translation stage with respect to the laser.

The translation stage may be controlled by a computer aided

manufacturing language.

The computer aided manufacturing language may be G code.

The invention extends to a superconductor device which includes a
YBCO thin film onto which a predefined pattern is ablated by means of a
femtosecond laser. The thin film of the superconductor device may be YBa,CuszO7-x
thin film. The thin film may be previously deposited on any one of a Magnesium
Oxide (MgO) or Lanthanum Aluminate (LAO) substrate.

The predefined pattern on the superconductor device may define any
one of a constriction type Josephson junction and an S-shaped constriction, in which

the constrictions range from micron to nano size.

An S-shaped constriction on the superconductor device may be defined
by two opposed parallel lines, of which an end of each line overlaps at least partially

to define a constriction between them.

The spacing between the lines on the superconductor device may be in

the range of 5um to 10um along the width of the thin film.
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The predefined pattern on the superconductor device may be a
complex pattern that defines a composite device in the form of any one of a
Superconducting Quantum Interference Device (SQUID) from Josephson junctions

and a micro-stripline resonator from micro-strips.

The invention will now be described by way of a non-limiting example

only, with reference to the following figures.

FIGURES

In the figures:

Figure 1 shows a block diagram of a femtosecond laser experimental set up
for fabrication of YBCO constrictions of micron and nano scale in accordance with
the invention;

Figure 2 shows a design of a S-shaped constriction according to one aspect of
the invention;

Figure 3 shows a conventional constriction design;

Figure 4 shows a profile distribution of an Atomic Force Microscope (AFM)
image scan of a laser ablation tunnel and a three-dimensional image of the AFM

scan created during the fabrication of a constriction;
Figure 5 shows a plot of the squared ablation diameter (D?) versus the peak
laser fluence (F,) for YBCO on a LaO substrate;

Figure 6 shows a profile distribution of an AFM image scan of a laser ablation
spot crater created during the fabrication of a constriction at an incident power of

4.22mW and crater depth of 146.2nm, focusing on crater depth.
Figure 7 shows the plot of the ablation crater's depth (d,,..) versus the

incident peak fluence (F,) for YBCO;

Figure 8 shows a profile distribution of an AFM image scan of an S-shaped
constriction with a power setting of 4.9mW, using a spherical convex lens of 45mm, a
constriction width of 1.465um, a scan area of 75um and a laser spot separation of
18.7um;
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Figure 9 shows a top view and a three-dimensional view of the constriction of

Figure 8, focusing on the width of the constriction.

Figure 10 shows a top view of the constriction in Figure 8; focusing on the

length of the constriction.

Figure 11 shows a profile distribution of an AFM image scan of an S-shaped
constriction with a power setting 2.104mW, a numerical aperture (NA) 0.25 lens, a
constriction width of 1.094um, a scan area of 40um and laser spot separation of 8um;

Figure 12 shows a top view and a three-dimensional view of the constriction of
Figure 11, focusing on the width of the constriction.

Figure 13 shows a top view of the constriction of Figure 11, focusing on the

length of the constriction.

Figure 14 shows a profile distribution of an AFM image scan of an S-shaped
constriction with a power setting of 2.035mW, a spherical convex lens of 30mm, a
junction width of 858.3nm, a scan area of 14.6umX14.6um and a laser separation
16.50um;

Figure 15 shows a top view and a three-dimensional view of the constriction of
Figure 14, focusing on the width of the constriction.

Figure 16 shows a three-dimensional view of the AFM image scan Figure 14,
focusing on the length of the constriction.

Figure 17 shows a profile distribution of an AFM image scan of an S-shaped
constriction with a power setting of 2.035mW, a spherical convex lens of 30mm, a
junction width of 576.7nm, a scan area of 49.2umxX49.2um and a laser spot separation
of 16.00um; and

Figure 18 shows a top view and a three-dimensional view of the constriction of

Figure 17, focusing on the width thereof.

In the figures, like reference numerals denote like parts of the invention,

unless otherwise indicated.
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EMBODIMENT OF THE INVENTION

An experimental setup and an example of how the method can be

implemented are described in Figure 1 and in the rest of the specification.

The experimental setup briefly consists of a laser source (lamp) (12), of
which the radiation parameters are controlled. In this arrangement, the power is
controlled around 2.7mW with the laser operating at a wavelength of about 795nm, a

pulse duration of 130fs and a pulse repetition rate of 1-2kHz.

The femtosecond laser source (12) has an interface that can be used to
control the average laser power output with settings that range from about 1mW to

1000mW, the lamp current and the pulse repetition rate can also be varied.

Lenses (14) are used to collimate the beam. The lenses (14) consist of
two cylindrical lenses of physical dimensions of 25mm X 25mm, which are of 50mm
and 100mm focal length respectively. The lenses (14) are used to spread out the X-
direction of the Gaussian laser beam spot before collimating the beam, because the
laser spot is elliptical with the X-direction slightly smaller or narrower than the Y-
direction. The laser beam waist is approximately 9.85mm wide on the Y-direction.
The collimation lenses are placed perpendicularly to the direction that is to be spread

out, in this case, the X-direction.

An iris (16), that has an aperture which is set to 9.85mm, is used to
block out certain unwanted parts of the laser spot after collimation on the outer
periphery of the Gaussian beam shape. The beam spot diameter coming out of the

iris is therefore close to 10mm.

The beam is reflected by a mirror (18) and passes through a 1.5mm
diameter iris (20) to filter some of the spherical aberrations and reduce the size of the
laser beam spot as far as possible. The second iris (20) is utilized because the
cylindrical lenses used to collimate the beam are not perfect and the laser beam spot
of 10mm is comparable in size to the cylindrical lenses, such that the beam spot is

very close to the edges of the cylindrical lenses, leading to spherical aberrations of
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the beam. This results in the formation of a bigger ablation spot after focusing with
the spherical convex lens or a numerical aperture (NA) objective lens. The iris (20) is
set to a manual aperture of 1.5mm. This iris (20) only allows the central core of the

laser to pass through with the highest intensity.

The laser beam is passed by another set of mirrors (22) to a NA
objective lens (24) of 0.25, with X10 magnification. The NA objective lens (24) is
used to focus the laser beam to as small a spot as possible. This enables a laser
beam of lower power, approximately 2.0mW coming out of the laser source (12), to
be used in etching the YBCO thin film. This result is achieved as the NA objective
lens (24) concentrates the power to a smaller spot, thereby increasing the energy
density and still ablating the YBCO thin film at low power. However, in another
embodiment, the NA objective lens can be replaced with a conventional spherical

convex lens having a relative focal length of between 30mm and 45mm.

A translation stage (26) moves in three dimensions, that is (x, y, z), and
is used to hold the YBCO sample whilst etching the constriction. The translation
stage (26) is controlled by a software program from the manufacturer of the stage.
The translation stage can also be programmed using G-code programming language

compiled in the software.

Lithography design of a S-shaped constriction

A S-shaped constriction is shaped like the letter “S”. In this example, a
simple G-code program was written for driving the translation stage (26), thereby
providing the fabrication of the S-shaped constriction. In the design of the S-shaped
constriction, it is possible to control the width and length of the constriction as can be
seen in Figure 2. In Figure 2, "S.M.F" refers to a short movement factor, "L.M.F"
refers to a long movement factor, and "L.F" refers to a length factor. The ablation

strip lines are visible, as well as the length and the width of the constriction.

In the S-shape constriction, one laser ablation spot overlaps the other.
Hence, by bringing the laser ablation spots closer along the length of the geometric

square sample, it is possible to easily regulate the width of the bridge. Furthermore,
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by separating the laser spots along the width of the square sample, it is possible to

regulate the overlapping length of the bridge as seen in Figure 2.

As can be seen in Figure 3, which indicates a standard constriction
shape type, the width of the constriction can be controlled only by bringing the
ablation spots closer to one another. However, the length of the constriction is

restricted to the laser ablation spot size in the standard constriction shape type.

The G-code programming language of the translation stage (26)
consists basically of (i) a section of code to etch out the ablation strip lines, and (ii) a
section of code to fabricate the S-shaped constriction. The ablation strip lines are
used to separate one constriction from another electrically by removing conductive
material between the constrictions. They are formed by moving the laser vertically
up and down 5mm along the length of the YBCO thin film. As seen in Figure 2, the
horizontal spacing between the vertical lines is about 5um, such that an ablation strip
line width of 0.5mm is formed to separate one junction from another. The laser is
then moved vertically down the length of the sample according to the short
movement factor (S.M.F) length, horizontally into the sample at a predetermined
position along the length and then moved out again. Thereafter, the laser is moved
down along the length of the sample according to the long movement factor (L.M.F)
length, across the width of 1mm to the other side. The next laser movements include
up to a predetermined position along the length of the sample, horizontally into the

sample, back out and then back to the top along the length to begin another strip line.

To determine the initial position along the length at which point the laser
is moved into the sample, a certain factor is calculated such that division of the length
of the sample by this factor will produce a short movement and the factor is called the
short movement factor (S.M.F). Division of the length by a second factor will produce
a long movement and the factor is called the long movement factor (L.M.F). As can
be seen in Figure 2, both these factors determine the separation between the laser

spots and hence, the width of the constriction.



WO 2017/163205 PCT/IB2017/051676
9

The formula for the short movement factor (S.M.F) is:

(Equation 1)

1-Sy
where [ is the length of the square sample (5mm) and Sw is the separation
between the laser spots along the length of the sample. The related formula for the

long movement factor (L.M.F) is:

!
1-Sy

2

(Equation 2)

To determine the overlapping length of the laser spots and hence, the
length of the bridge, a factor is calculated such that division of the width of the
sample by this factor provides one with how far to move the laser into the sample.

The formula for calculating this length factor (LF) is:

2w

(Equation 3)

W—SL

where W is the width of the sample, 1mm, and S. is the separation
space between the laser spots along the width of the sample. The short movement
factor (S.M.F), long movement factor (L.M.F) and the length factor (LF) can all be

seen in Figure 2.

Theoretically, the width of a constriction should be given by Equation 4
as given below. However, there are many limitations to this.

width of constrction = S, — laser ablation width (Equation 4)

The overlapping length of the constriction is given by Equation 5.

Length of constriction = S; — Laser ablation width (Equation 5)

The laser feed rate is about 20mm/min or 333pm5_1. The feed rate is
essentially the speed with which the translation stage (26) is moved. The feed rate
can be adjusted depending on the requirements, using the interface software for the
translation stage (26). Generally, the slower the feed rate, the higher the ablation
depth.
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Determining the peak laser fluence ablation threshold of the YBCO thin film

The incident peak laser fluence in front of the sample, which is the peak
energy density of the laser incident on the sample, is calculated according to

Equation 6.

Fy = —224v6__ (Equation 6)

rep.rate*n*wy

In Equation 6, P,y is the average power effluent from the laser source
(12) that eventually reaches the sample after all the optical laser beam shaping
components, rep.rate is the frequency of the laser pulse or the pulse repetition rate,
and w, is the radius of the measured laser ablation spot used to cut the bridge on the
YBCO thin film.

The diameter of the ablation spots, as seen in Figure 4, was measured
by scanning using the cantilever tip of an atomic force microscope (AFM). The
scanning was done at 90 degrees to the laser spots, such that the transverse line fit
on the topography plot yields the diameter of the laser spot, which is about 28.51um

(28.51*10~*cm) in this case. Equation 6 was then used to calculate the peak laser

fluence for each power setting applied to the sample, by substituting the measured

ablation beam waist radius w, in centimeters. Table 1 was extracted by repeating

this exercise for several constriction cuts.

Table 1: Finding the peak laser fluence ablation threshold of YBCO thin film (F.p qia)

using the ablation spot diameter.

Laser Power Peak laser fluence Spot Size Spot Size
(mW) (Fo), (JIcm?) (Hm) (wm)?, (D?)
2.7mW 0.845J/cm? 28.51um 812.82um”
4.22mW 0.865J/cm? 35.25um 1242.56pm”
6.88mW 0.932J/cm? 43.36pm 1880.09um”
7.9mW 0.945J/cm? 46.13um 2127.98um”
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Assuming a spatially Gaussian shape of the beam profile, the peak

laser fluence ablation threshold (F,,) is obtained by plotting the associated square of
the laser beam diameter (D?) versus the peak laser fluence (F,) in Figure 5. The

smooth curve (or line) represents the spline interpolation technique of curve fitting

whilst the blue squares represent the table data points obtained.

Subsequently, using the spline interpolation technique of curve fitting in
Matlab, the curve is extrapolated to intersect the X-axis and a peak laser fluence
ablation threshold (F,, ) value for YBCO of 0.824J/cm? is obtained by extrapolation
to D?»0 *°. The spine interpolation technique is utilized in this case because only a
few data points to were available to work with, due to the fact that for each data point,
a junction had to be fabricated on the thin film material. With the spine interpolation
technique, one is able to extrapolate a few points to the D?»0 on the X-intercept. A
semi-logarithmic scale is utilized, such that the squared beam diameter is plotted on
the Y-axis on a normal scale, while the peak laser fluence (F,) is plotted on the X-

axis on a logarithmic scale, as shown in Figure 5.

Crater topography method to verify the peak laser fluence ablation threshold

To verify the results obtained above for the ablation threshold of YBCO,
the crater topography method can also be utilized. During ablation, a crater is
formed with a certain depth profile that can be measured using Atomic Force

Microscope (AFM) scanning.

Using the transverse, cross-section of the topography line fit scan
obtained with the AFM, the depth profile in Figure 6 shows the maximum crater depth
to be 146.2nm for incident power of 4.22mW. This method is repeated for a series of

AFM scans with varying power to obtain Table 2.

Table 2: Finding the peak laser fluence ablation threshold (F¢paep) Using the crater

depth method.
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Laser Power Peak Laser fluence Max crater depth
2.7mW 0.845J/cm? 134.5nm

4.22mW 0.865J/cm? 146.2nm

6.88mW 0.932J/cm? 155nm

Subsequently the maximum ablation crater depth is plotted versus the
peak laser fluence in Figure 7 in which the red line is for the spline fit and the blue

line for the table plotted values.

The spline interpolation technique is then used to extrapolate the curve
such that it intersects with the x-axis. The peak laser fluence ablation threshold for

YBCO is then obtained by extrapolation ofd,,,,.»0. As can be seen in Figure 7, a

semi-logarithmic scale is again used.

The value obtained for the peak laser fluence ablation threshold from

the crater depths ( Fin.aep) is in close approximation with the value obtained from the

ablation diameters (Fip 4i0).- Namely (0.74J/cm?, 0.824J/cm?) respectively. There is

however a slight difference, which could be attributed to the fact that the number of

points used for extrapolation should actually be more to get a precise measurement.

Micron-sized S-shaped constriction fabricated with a spherical convex lens (45mm

focal length

A micron sized S-shaped constriction is fabricated on YBCO
superconducting thin film using the above mentioned methodology, with the
following: a spherical convex lens of focal length 45mm, a laser power setting of
4.9mW, and a laser beam spot separation (S,, ) of 18.7um - that is the spacing
applied between the laser spots in the G-code for the translation stage. The laser
ablation spot is 18.05um. As can be seen in Figure 8, which is an AFM scan of the
sample, the width of the junction achieved at the narrowest point is approximately
1.465um. This figure therefore shows the profile distribution of the constriction which

is used to measure the width of the constriction precisely.
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According to Equation 7 above, the constriction width could
theoretically be about 0.7um. However, in practice, this is not achieved due to
several factors such as the laser room temperature, vibration, air flow and laser feed

rate in the room where the experiment is performed.

The constriction width can also be determined by drawing a line across
the narrowest point on the topography line fit, as can be seen by the two black
cursors in Figure 9. In the same way, the constriction length can be determined to be

approximately 10.08um as seen in Figure 10.

Micron sized S-shaped junction fabricated with a numerical aperture lens of 0.25,
with X10 Magnification

The 45mm spherical convex lens was replaced with a numerical
aperture (NA) objective lens of 0.25, with X10 magnification in order to reduce the

spot size of the laser used for cutting.

The width of the S-shaped constriction achieved was approximately
1.094um, as can be seen in the profile distribution of the constriction made with the
AFM in Figure 11. This width is measured at the narrowest point on the constriction,

by taking a snap shot whilst the AFM cantelever tip is scanning.

Figure 12 shows the overall constriction scan and the three-
dimensional image, whilst Figure 13 indicates the length of the S-shaped constriction
by means of the two cursors, measured as 6.322um. The laser spot size measured
is about 7.344um. In using the numerical aperture (NA) lens of 0.25, which focuses
the laser further, it was possible to achieve the smaller laser ablation spot size of
approximately 7.344um. Hence, the separation distance between the spots was
reduced to 8.0um. Theoretically, as a result of this, the constriction width could be
approximately 0.6um. However, the junction width actually achieved in the

experiment was 1.094um.
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Due to the fact that the laser ablation spot size is smaller, the laser
ablation spots overlap by a lesser extent and therefore, the overlapping length
measured also reduces from 10.0um to 6.322um, as seen in Figure 13, when the NA

0.25 lens is utilized.

Figure 12 shows the constriction width on the topgraphy line fit with the

black cursors representing the line width of the constriction as approximtely 1.094um.

Sub-micron sized S-shaped junction fabricated with a spherical convex lens (30mm

focal length

A conventional spherical convex lens of 30mm focal length was also
used for cutting the constriction and a sub-micron sized constriction of 858.3nm was
achieved. The laser beam ablation spot size increased from the 7.344um, achieved
with the NA 0.25 objective lens, to 15.8um with the 30mm focal length spherical
convex lens. However, this spot size is still marginally smaller than that obtained
with a 45mm focal length spherical convex lens. Using the 30mm focal length
spherical convex lens, with a laser power setting of 2.035mW, a sub-micron sized
constriction of width of 858.3nm was achieved, as can be seen in Figure 14. In this
figure, a topography line fit is plotted and a snap shot is taken with the AFM at the
narrowest point on the constriction. The width is determined by drawing a line across
the profile distribution at the narrowest point. The AFM is used to zoom into a scan
area of 14.6um X 14.6um on the sample, just around the constriction, as seen in
Figure 14. The separation between the laser spots in the G-code is 16.5um and the

spot size is 15.8um.

The top view and three-dimensional (3D) view of the constriction is
shown in Figure 15. As can be seen in Figure 16, the length of the junction is

calculated to be apporoximately 9.657um.
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Sub-micron sized S-shaped junction fabricated with a spherical convex lens (30mm

focal length

A sub-micron sized junction was fabricated with a constriction width of
576.7nm. The separation between the laser beam spots was set at 16.0um in the G-
code used to control the translation stage (26), whilst the laser ablation spot size was

measured to be 15.8um.

Figure 17 shows the profile of the constriction with a line drawn across
the section of the junction that stands above the zero line or altitude. The length of

this line gives the width of the junction, approximately 576.7nm.

Figure 18 shows a zoomed-in image of the constriction of Figure 17,
with a scan area of 18.8um X 18.8um. In this figure, the 3D shape of the constriction
is clearly visible. At this scale, the constriction is very close to collapsing and this can

be observed from the 3D image of it.

The inventor is of the opinion that the invention provides a new method
of manufacturing superconducting thin film devices such as nano- and micro-
constriction type Josephson junctions, SQUIDS, strip-line resonators and other
superconducting devices which are both novel and inventive. The method provides
better control over the manufacturing of superconducting thin film devices, which can
easily be manufactured by a preprogrammed, femtosecond laser system.
Furthermore, the inventor is of the opinion that the invention provides a new

superconductor device.
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CLAIMS

1. A method of manufacturing micro- and nano-constriction type structures
on a YBCO thin film, the method including

ablating a predefined pattern onto the thin film by means of a femtosecond

laser.
2. The method of claim 1, in which the thin film is a YBa>CuzOz-x thin film.
3. The method of claim 2, in which the thin film is previously deposited on

any one of a Magnesium Oxide (MgO) and Lanthanum Aluminate (LAO) substrate.

4. The method of claim 1, in which the laser parameters are in the
following ranges:

the power of the laser to a value of between 1mW and 1W;

the repitition rate of the laser to a value of between 1kHz and 2kHz;

the laser beam feed rate to a value of between 16.6um/s and 500um/s;

the pulse duration of a value of 130fs;

and the laser beam spot size to a value of between 7.3um and 17um.

5. The method of claim 4, which includes controlling the laser beam

separation distance between laser ablation spots in the range of 8um to 18um.

6. The method of claim 4, in which the laser has a wavelength of about
795nm, a pulse duration of about 130fs and a repetition rate of between 1kHz and
2kHz.

7. The method of claim 1, in which the predefined pattern defines any one
of a constriction type Josephson junction and an S-shaped constriction, in which the

constrictions range from micron to nano size.

8. The method of claim 7, in which an S-shaped constriction is defined by
two opposed parallel lines, ends of which overlap at least partially to define a

constriction between them.
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9. The method of claim 8, in which the spacing between the lines is in the
range of Sum to 10um.
10. The method of claim 1, in which the predefined pattern is a complex

pattern that defines a composite device in the form of any one of a Superconducting
Quantum Interference Device (SQUID) from Josephson junctions and a micro-

stripline resonator from micro-strips.

11. The method of claim 1, in which the pattern to be ablated is defined by
a translation stage that controls the movement of the laser to produce the predefined

pattern that is to be ablated.

12. The method of claim 11, in which the translation stage is controlled by a

computer aided manufacturing language.

13. The method of claim 12, in which the computer aided manufacturing

language is G code.

14. A superconductor device which includes a YBCO thin film onto which a

predefined pattern is ablated by means of a femtosecond laser.

15. The superconductor device of claim 14, in which the thin film is a
YBayCu3zO7-x thin film.

16. The superconductor device of claim 15, in which the YBa,Cu3sO7-x thin
film is previously deposited on any one of a Magnesium Oxide (MgO) and

Lanthanum Aluminate (LAO) substrate.

17. The superconductor device of claim 14, in which the predefined pattern
defines any one of a constriction type Josephson junction and an S-shaped

contriction, in which the constrictions range from micron to nano size.
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18. The superconductor device of claim 17, in which an S-shaped
constriction is defined by two opposed parallel lines, ends of which overlap at least

partially to define a constriction between them.

19. The superconductor device of claim 18, in which the spacing between

the lines is in the range of 5um to 10um.

20. The superconductor device of claim 14, in which the predefined pattern
is a complex pattern that defines a composite device in the form of any one of a
Superconducting Quantum Interference Device (SQUID) from Josephson junctions

and a micro-stripline resonator from micro-strips.
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