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(7) ABSTRACT

One aspect of this disclosure relates to a method of building
a superconductor device on a substrate, comprising depos-
iting an imprint layer on at least a portion of the subdtrate.
The imprint layer is imprinted to provide an imprinted
portion of the imprint layer and a non-imprinted portion of
the imprint layer. A superonductor layer is deposited on at
least a portion of the imprint portion of the imprint layer.
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IMPRINT LITHOGRAPHY FOR
SUPERCONDUCTOR DEVICES

TECHNICAL FIELD

[0001] This invention relates to superconductor devices
and circuits, and more particularly to superconductor
devices and circuits produced using imprint lithography.

BACKGROUND

[0002] Superconductor technology offers considerable
promise in a variety of electronic applications based on a
nearly infinite conductance that exists in superconductor
materials at superconducting temperatures. This promise
includes extremely quick electronic switching, transmission
of large amounts of data over considerable distances, and the
reduction in transmission losses over transmission media.
Superconductor technology has been applied to form a
variety of discrete superconductor devices such as Joseph-
son junctions and superconductor quantum interference
devices (SQUIDs).

[0003] Prior art superconductor devices and circuits have
been fabricated by using a combination of a wide variety of
traditional processes such as lithography, optical processes,
electron beam lithography, anodization, ploughing, and
focused ion beam processes. These fabrication techniques
have generally been used to produce discrete superconductor
devices. However, such techniques are not capable of repeat-
ably producing a large number of superconductor devices
(such as one or more arrays of the superconductor devices)
in a reliable and/or cost effective manner.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The same numbers are used throughout the draw-
ings to reference like features and components:

[0005] FIG. 1 illustrates a perspective view of one
embodiment of a Josephson junction having a butting junc-
tion geometry formed at the butting junction of two
imprinted electrodes;

[0006] FIG. 2 illustrates a perspective view of one
embodiment of a Josephson junction having an edge junc-
tion geometry formed at the overlap of two imprinted
electrodes;

[0007] FIG. 3 illustrates a perspective view of another
embodiment of the Josephson junction having a planar
junction geometry formed at the overlap of two imprinted
electrodes;

[0008] FIG. 4 illustrates a top view of one embodiment of
a superconductor device including a direct current (DC)
superconductor quantum interference device (SQUID);

[0009] FIG. 5a illustrates a top view of one embodiment
of a first imprint level that forms a first superconductor
electrode of an exemplary superconducting device such as
illustrated in FIG. 4;

[0010] FIG. 5b illustrates the first imprint level of the
exemplary superconductor device as illustrated in FIG. 5a
in which a first edge of a plurality of tunnel junctions are
formed on the first imprint level;

[0011] FIG. 6 illustrates one embodiment of an array of
superconductor devices as illustrated in FIGS. Sa and 5b
including a first superconductor electrode and a second
superconductor electrode;
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[0012] FIGS. 7a and 7b illustrate another embodiment of
an array of superconductor devices including a first super-
conductor electrode and a second superconductor electrode,
in FIG. 7a the second superconductor electrode is illustrated
in outline while in FIG. 7b the second superconductor
electrode is illustrated as solid;

[0013] FIGS. 8q, 8b, 8¢, 84, 8¢, 8f, 8g, 8h, 8i, 8j, 8k 8,
8m, 8n, 80, 8p, and 8¢ illustrate an exemplary Imprint
Lithograph (IL) method that is used to manufacture a
superconductor device;

[0014] FIGS. 92 and 9b illustrate one embodiment of the
IL. method of making the superconductor device as shown in
FIGS. 84, 8b, 8¢, 84, 8¢, 8f, 8g, 84, 8i, 8], 8k, 8., 8m, 8n, 8o,
8p, and 8q;

[0015] FIG. 10 illustrates a top view of one embodiment
of a superconductor device including a radio frequency (RF)
superconductor quantum interference device (SQUID);

[0016] FIG. 11 illustrates an expanded block diagram of
one embodiment of a computer that acts as an imprint
lithography tool to make superconductor devices using
imprint lithography.

DETAILED DESCRIPTION

[0017] Superconductor devices 50 or superconductor cir-
cuits promise significant enhancements in electronic perfor-
mance. Much of the promise of superconductor technology
is associated with the reduced electrical conductivity of the
superconductor materials used in these devices and circuits
when used at temperatures approaching absolute zero.

[0018] Imprint lithography (IL) represents a fabrication
technique that can be used to fabricate superconductor
devices, superconductor circuits, and arrays of superconduc-
tor devices. Recent IL techniques (i.e., nano-imprint lithog-
raphy) can achieve device geometries down to substantially
less than 100 nanometers (nm). Furthermore, as described
herein, IL provides a process that can be adapted for high
volume manufacturing needs. This disclosure describes the
use of IL techniques that are used to fabricate such super-
conductor devices and circuits as Josephson junctions and
superconductor quantum interference devices (SQUIDs).

[0019] Additionally, IL techniques can produce arrays of
these superconductor devices in a time efficient and cost
effective manner. The performance, utility, and cost effec-
tiveness of many superconductor circuits are improved
based on the ability to form superconductor devices into
multiple arrays. By exploiting the advantages of the IL
process, that in one embodiment is performed by the IL tool
100, it becomes possible to manufacture such minute intri-
cate patterns as required by either combinations of indi-
vidual superconductor devices, superconductor circuits, or
dense arrays of superconductor devices and superconductor
circuits.

[0020] An advantage of the disclosed IL technology
involves the capability to fabricate nano-scale, micro-scale,
and macro-scale features simultaneously and equally effi-
ciently. IL is an enabling technology that opens up a variety
of applications that can make use of nano-scale, meso-scale,
macro-scale, and mixed-scale features.

[0021] One strength of the disclosed IL technology
involves the capability to produce a large number of super-
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conductor devices (e.g., up to hundreds or thousands) that
are arranged in a repeatable and non-random order. These
superconductor devices can be arranged in an array 700 or,
alternatively, in a non-arrayed configuration. Arrays 700 of
superconductor devices (as shown in FIGS. 6 and 7) can be
produced cost effectively using batch processing techniques
as provided by IL.

[0022] This disclosure describes the use of inexpensive
batch processing to manufacture high-quality superconduc-
tor circuits and/or superconductor devices in a highly repeat-
able fashion. One advantage of IL technology is that differ-
ent portions of a superconductor device 50 or a
superconductor circuit can be manufactured simultaneously
with nano-scale, meso-scale, macro-scale, or larger dimen-
sions (or a combination of these dimensions). It is also
envisioned that certain portions of a substrate may be
fabricated using IL techniques as described herein, while
other portions of the substrate are fabricated using other
techniques.

[0023] Prior art nano-scale and mixed-scale superconduc-
tor devices (as well as meso-scale and macro-scale devices)
have been used to study fundamental properties of quantum
mechanics where they demonstrate great operational prom-
ise. Providing a cost-efficient technique to fabricate arrays
700 of these superconductor devices would expand their
usage greatly into many different applications.

[0024] Additionally, the imprint mold 305 (as shown in
side cross-sectional view in FIGS. 8¢, 84, and 8¢) of a
superconductor device 50 can be made using non-IL tech-
niques, such as e-beam lithography or optical lithography.
The imprint template 305 can then be stamped/imprinted in
certain embodiments of the IL processing to produce a large
number of superconductor devices. Examples of supercon-
ductor materials in superconductor devices that can be
stamped or imprinted using IL technologies include but are
not limited to superconducting metals (e.g., Al, Nb, Pb, and
Sn), superconducting alloys, superconducting oxides,
organic superconductors, high-temperature superconduc-
tors, and other superconducting compounds.

[0025] Tt is also envisioned that certain portions of a
substrate may be fabricated using IL techniques as described
herein, while other portions of the substrate are fabricated
using other techniques. Different embodiments of the sub-
strate include, for example, a semiconductor, a plastic film,
a metal film, a glass, a fabric, and a paper. New supercon-
ductors materials are being discovered frequently. As such,
it is envisioned that any superconductor device 50 that is
produced with any superconductor material known presently
or discovered in the future is within the intended scope of the
present disclosure.

[0026] Though this disclosure is directed to superconduc-
tor circuits, devices, and processes, it is to be understood that
certain superconductor circuits and devices include non-
superconductors (e.g., semiconductor, conductor, insulator,
or a combination of these or other materials). For large-scale
circuits including superconductor portions, for example,
certain active regions may be formed from superconductor
materials while the supply circuitry is formed from non-
superconductor materials. Combinations of non-supercon-
ductor devices and superconductor devices are applicable to
a variety of uses. As such, within this disclosure, the term
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“superconductor” circuit or device includes any circuit or
device that includes at least a portion of superconductor
material.

[0027] A superconductor circuit including a non-super-
conductor portion (e.g. made from certain semiconductors or
other non-superconductive materials) is considered a hybrid
structure within the scope of this disclosure. In one embodi-
ment, fabrication techniques that are typically applied to
semiconductor circuits such as Ultra-Large Scale Integration
(ULSD) and/or field effect transistors (FETs) can integrate
certain embodiments of superconductor circuits as described
in this disclosure to form a hybrid circuit. The hybrid circuit
can be formed from one or more superconductor circuits and
from one or more non-superconductor materials.

[0028] Imprint lithography (IL) as described in this dis-
closure utilizes stamping or imprinting to produce super-
conductor circuits with nano-scale dimensioned features. By
utilizing the advantages provided by IL, a variety of con-
siderations are addressed. Prior art SQUIDs are typically
fabricated using standard IC technology on semiconductor
(e.g., silicon) wafers, and then the wafers are diced into
individual die. The semiconductor processing can be indi-
vidual, time-consuming, and expensive to produce a con-
siderable number of the superconductor devices. The ability
to produce large quantities of superconductor devices or
circuits quickly and cost effectively is possible without
relying on those technologies that are inherently designed to
perform operations on discrete superconductor devices (i.e.,
produced using electron beam (e-beam) lithography or
focused ion beam (FIB) lithography). Both e-beam and FIB
are examples of prior art processes performed on individual
devices, which have long process times especially when
large areas and/or large number of devices are required.
Furthermore, e-beam and FIB lithography tools require
facilities that are expensive to purchase and to maintain. IL
offers the potential of a lower cost process that can be
performed relatively quickly. This disclosure describes a
mechanism by which superconductor devices having fea-
tures as fine as e-beam and FIB lithography can be produced
in larger quantities than those prior-art technologies in a
batch processing mode.

[0029] The improvements provided by the different
embodiments of the disclosure result in a variety of benefits
including: 1) The ability to mass produce complex nano-
scale, meso-scale, macro-scale, and mixed-scale structures
cheaply and reproducibly (reduces the need for costly
e-beam processing that would otherwise be needed); 2) the
ability for imprint lithography to reproduce nano-scale,
meso-scale, macro-scale, and mixed-scale features accu-
rately; and 3) the ability for IL to fabricate superconductor
devices on non-standard substrates because IL does not
produce devices or circuits that rely only on traditional
semiconductor substrate materials. IL can also repeatably
produce such irregular shapes as curves and coils accurately.

[0030] IL provides for fabrication of such superconductor
circuits as Josephson junctions, DC SQUIDs 400, and arrays
of quantum bits that are deposited on a wide variety of
flexible and/or conformal substrates wherein the substrate
could be bent to adapt to the application. Alternatively, these
substrates 306 can include such traditional semiconductor
substrates as silicon, gallium arsenide, silicon-on-insulator,
etc. that are typically structurally rigid. Substrates 306 are
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illustrated in the embodiments of superconductor devices in
FIGS. 4 and 6, 84, 8b, 8¢, 84, 8¢, 8f, 82, 81, 8i, 8j, 8k, 8,
8m, 81, 8o, 8p, and 8¢. With superconductor devices (unlike
semiconductor devices), the substrate does not necessarily
participate in the action of the device.

[0031] Superconductor devices and circuits deposited on
flexible substrates 306 could be made to, for instance,
precisely shape the array grid included in the superconductor
circuit around such complex geometries as a human skull,
other body portion, or other irregularly shaped object. By
fabricating SQUIDs on flexible substrates, it should be
possible to more precisely shape the dense sensor arrays in
such unusual positions and shapes as around a patient’s
head, arm, mouth, or other body parts to provide a more
thorough detection.

[0032] One embodiment of the superconductor device 50
is a Josephson junction 200. The general structure and
operation of multiple embodiments of the Josephson junc-
tion 200 that can be fabricated using IL tool 100 are
illustrated respectively in FIGS. 1, 2, and 3. The geometries
associated with the Josephson junction 200 that are illus-
trated in FIGS. 1, 2, and 3 are respectively the butt geom-
etry, the edge junction geometry, and the planar geometry.
These geometries are intended to be illustrative in nature and
not limiting in scope since other Josephson junction geom-
etries can be fabricated using IL fabrication techniques.

[0033] The Josephson junctions 200 as shown in FIGS. 1,
2, and 3 include two superconductor electrodes 202, 204 that
are positioned in close proximity, and are separated by a
tunnel junction 208. One embodiment of the tunnel junction
208 is a thin electrical insulator (e.g., oxide) material that is
sufficiently thin to allow tunneling of electrons under certain
controllable circumstances. The superconductor electrodes
202, 204, and the remainder of the Josephson junction 200,
are fabricated on a substrate (not shown for clarity) as
described relative to FIGS. 8a, 8b, 8c, 84, 8¢, 8f, 8g, 84, 8i,
8j, 8k 81 8m, 8n, 80, 8p, and 8q.

[0034] In one configuration, Jospehson junctions consist
of two superconductor metal layers forming the upper
superconductor electrode 202 and the lower superconductor
electrode 204 separated by a thin insulator (e.g. a metal
oxide). Superconductor metals such as niobium and alumi-
num are typical materials for low temperature devices and
metal oxides such as Nb,O4 and A1,0; are typical tunnel
junctions 208. Josephson junctions and SQUIDs as
described herein have been fabricated using high critical
temperature (T.) materials, but the junction geometries can
be maintained in many embodiments. The superconductor
electrodes 202, 204 can be formed in a variety of configu-
rations including, but not limited to, rectangular or curvi-
linear forms such as can effectively produce a coil or a
serpentine using the IL fabrication techniques as described
herein.

[0035] In the butt-geometry of Josephson junction 200
shown in FIG. 1, the superconductor electrode 202 is
substantially co-planar with the superconductor electrode
204. A face 92 of the superconductor electrode 202 is
separated from a face 94 of the superconductor electrode
204 by a dimension d1. The space between the faces 92 and
94 is filled with the electrically insulative material forming
the tunnel junction 208. The dimension d1 is selected based
on the particular configuration of the Josephson junction
200.
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[0036] In the edge-junction geometry of the Josephson
junction 200 shown in FIG. 2, a portion of the supercon-
ductor electrode 204 is coplanar with the superconductor
electrode 202. A junction portion 203 of the superconductor
electrode 204, however, overlaps and is substantially paral-
lel with the superconductor electrode 202 for a length d2.
The “edge junction” geometry of Josephson junction 200
includes the tunnel junction 208 formed with a sloped edge
between the superconductor electrodes 202 and 204. By
forming the tunnel junction 208 at an angle to the plane of
the superconductor electrodes 202, 204, the junction capaci-
tance can be tailored.

[0037] An electrical insulator 206 is provided between the
junction portion 203 of the superconductor electrodes 202
and 204. The tunnel junction 208 extends at an angle o
relative to a common plane of the superconductor electrodes
202 and 204. A thickness d3 between the junction portion
203 of the superconductor electrode 204 and the supercon-
ductor electrode 202 is considerably deeper than the depth
dl of the tunnel junction 208. The thickness d3 of the
electrical insulator 206 is sufficient to make any tunneling
between the tunnel junction 208 of the superconductor
electrode 202 and the superconductor electrode 204 negli-
gible. As such, the tunnel junction 208 forms the only region
through which electrons can tunnel when the superconductor
electrodes are in their superconducting states. The tunnel
junction 208 is configured as having the (electrical insulator
separation) dimension d1 that is designed so that a certain
percentage of the electrons will tunnel through the thin oxide
material between the superconductor electrodes 202, 204.

[0038] While the electrical insulator 206 and the tunnel
junction 208 are shown as being formed from a unitary
member in the edge-junction geometry embodiment of
Josephson junction 200 shown in FIG. 2, this is illustrative
in nature and not limiting in scope. The electrical insulator
206 and the tunnel junction 208 can be formed from different
materials, using different fabrication processes, and can be
formed at different times.

[0039] In the planar geometry of Josephson junction 200
described relative to FIG. 3, the superconductor electrodes
202, 204 form a horizontally extending tunnel junction 208.
As such, the superconductor electrode 204 is fabricated
above the superconductor electrode 202. The tunnel junction
208 is created between a lower planar surface 242 of the
superconductor electrode 204 and an upper planar surface
244 of the superconductor electrode 202. The dimension d1
of the tunnel junction 208 (similar to the embodiments of the
Josephson junction 200 shown in FIGS. 1 and 2) determines
the operating characteristics of the Josephson junction 200.
In certain embodiments of Josephson junctions 200 having
a planar geometry, the superconconducting electrodes
extend in a direction substantially parallel to each other
instead of perpendicular to each other as illustrated in FIG.
3.

[0040] The tunnel junction 208 in the different embodi-
ments of Josephson junctions 200 shown in FIGS. 1, 2, and
3 can be fabricated after one of the superconductor elec-
trodes 202 is defined. In all embodiments of Josephson
junctions such as shown in FIG. 2, an electrical insulator
206 is formed that electrically insulates the superconductor
electrode 204 from the superconductor electrode 202. In
certain embodiments of Josephson junctions, a tunnel junc-
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tion 208 is generally created between the superconductor
electrodes 202 and 204 by performing a brief oxidation step
on one of the superconductor electrodes 202. The supercon-
ductor electrode 204 is then deposited relative to the depos-
ited superconductor electrode 202.

[0041] One embodiment of the superconductor device 50
is a superconductor quantum interference device (SQUID).
SQUIDs may be characterized as a direct current (DC)
SQUID 400 or a radio frequency (RF) SQUID. Each DC
SQUID 400 (as illustrated in FIG. 4) includes a supercon-
ductor loop (formed with one or more superconductor
materials) having two integrated Josephson junctions 200.
Each RF SQUID 900, as illustrated in FIG. 10, includes a
superconductor loop (formed with a superconducting mate-
rial) having only one integrated Josephson junction 200 and
one junction 904 that is not of the Josephson junction
variety. The remainder of this specification describes each
SQUID as being a DC SQUID, even though it is envisioned
that the present disclosure applies to RF SQUIDs as well as
DC SQUIDs.

[0042] FIGS. 5a, 5b, and 6 illustrate one embodiment of
the fabrication of one embodiment of the DC SQUID 400
that is shown in its fabricated state in FIG. 4.

[0043] In FIG. 54, the superconductor electrode 202 is
deposited on a substrate 306 to form a first imprint level. In
FIG. 5b, a planar blanket insulating layer (not shown) is
deposited above the first imprint level over the entire sub-
strate. The blanket insulating layer covers the superconduc-
tor material forming the superconductor electrode 202. Vias
can then formed to extend through the blanket insulating
layer (the outline of the blanket insulating layer corresponds
roughly to the outline of the tunnel junctions 208) to expose
a portion of the superconductor electrode 202. Tunnel junc-
tions 208 are then formed on exposed surfaces of the
superconductor electrodes 202 by, in one embodiment, oxi-
dizing the superconductor electrode 202 through the vias.

[0044] The embodiment of DC SQUID 400 as shown in
FIG. 4 includes a superconductor loop 402 that includes the
superconductor electrode 202, the superconductor electrode
204, and a pair of Josephson junctions 200 that connect the
superconductor electrodes 202, 204. The superconductor
loop 402 is formed from superconductor material. When a
varying magnetic field is applied to the interior of the
superconductor loop 402 (perpendicular to the sheet of paper
within the region delineated by the reference character 410
as shown in FIG. 4), then the resultant electric current
flowing within the superconductor loop 402 continually
varies as a function of the applied but varying magnetic field
applied to the region 410. The rate of varying and maximum
value of the resultant electric current depend on the con-
figuration of the DC SQUID 400, the area of the supercon-
ductor loop 402, as well as the strength of the magnetic field
within the loop. The electric current that flows through the
DC SQUID 400 is a highly sensitive indicator of the
magnetic field that is applied within the circuit. Since
SQUIDs manufactured using this technique described in this
disclosure can precisely measure magnetic fields, they are
highly applicable to such devices as gradiometers, suscep-
tometers, gravity-wave and antennas. In addition, such
SQUIDs are applicable to more complex devices that rely on
measuring such magnetic fields as voltmeters, analog-to-
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digital converters, and multiplexers. The general structure of
these electronic circuits is generally well known, and will
not be further detailed.

[0045] The concepts of superconductor devices as
described herein can also be applied to quantum computers.
In traditional computation, a binary digital (bit) of informa-
tion represents one of two possible logical states, namely “1”
or “0”. Quantum computation involves manipulation of data
in the form of quantum bits or “qubits”. The qubit represents
the basic computational unit of a quantum computer in a
similar manner as a binary digit (bit) represents the basic
computational unit of the computer.

[0046] One embodiment of the quantum computer utilizes
arrays of superconducting qubits. Arrays of superconducting
qubits can be fabricated by IL as described in this disclosure.
Therefore, superconducting quantum computers fabricated
by IL are within the scope of the present disclosure.

[0047] Certain embodiments of this disclosure provide for
the fabrication of superconductor devices and circuits using
imprint lithography including, but not limited to, Josephson
junctions, DC SQUIDs 400, RF SQUIDs, superconductor
magnets, magnetometers, gradiometers, susceptometers,
voltmeters, radiofrequency amplifiers, gravity-wave-anten-
nas, analog-to-digital converters, superconductor transmis-
sion lines, thin film coils, wires, and other devices.

[0048] Certain embodiments of this disclosure also pro-
vide for building arrays 700 of superconductor devices (such
as Josephson junctions 200 that are illustrated in FIGS. 1, 2,
and 3, DC SQUIDs 400 as illustrated in FIG. 4, or RF
SQUIDs 900 as illustrated in FIG. 10). The superconductor
devices can include both superconductor materials and non-
superconductor materials. The superconducting devices can
be fabricated as plurality of discrete devices, or arranged in
one-dimensional and two-dimensional arrays. Multiple
array configurations can be formed across a plurality of
layers, in which certain designed portions of the supercon-
ductor circuits across the different layers can be formed with
one layer above another layer with vias connecting respec-
tive portions of the superconductor circuits. Certain embodi-
ments of the superconductor device 50 fabrication utilize IL.
to produce superconductor device arrays 700 arranged in a
cross-bar architecture. The designer may select the particu-
lar configuration and associated architecture of the cross-bar
architecture to provide a particular operation, since opera-
tion of cross-bar arrays is generally known and will not be
described except for certain illustrative embodiments.

[0049] An embodiment including a dense array 700 of
Josephson junctions 200 is illustrated in FIG. 6. Another
embodiment of an array 700 (that is arranged as in a
cross-bar array configuration) is formed from a plurality of
DC SQUIDs 400 is illustrated relative to FIGS. 7a and 7b.
Each DC SQUID 400 in the array is partially formed from
the two superconductor electrodes 202, 204. In FIG. 74, the
superconductor electrode 204 is illustrated in phantom to
further illustrate the details of the interface between the
superconductor electrode 202 and the superconductor elec-
trode 204. As shown in FIG. 74, for each DC SQUID 400,
a pair of tunnel junctions 208 (as described relative to FIGS.
1, 2, and 3) electrically couple the superconductor electrode
202 to the superconductor electrode 204. An electrical
insulator (not shown) typically takes the form of a barrier
layer that extends between the superconductor electrodes
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202 and 204 at all locations except for at the tunnel junctions
208. Since each SQUID 400 as illustrated in FIG. 74 has a
pair of tunnel junctions 208, and each tunnel junction can
form a Josephson junction 200 as described relative to
FIGS. 1, 2, and 3, each SQUID therefore has two Josephson
junctions (and each SQUID is therefore characterized as a
DC SQUID). As such, the array 700 includes column
conductors 460 and row conductors 464. The column con-
ductors 460 and the row conductors 464 are configured to
apply electric potential to a particular DC SQUID 400 in a
manner such that the current flow through that DS SQUID
can be detected. Since the flow of current through each DC
SQUID 400 is a function of the magnetic flux applied to the
superconductor loop 402 in that SQUID 400, the array 700
of DC SQUIDs as illustrated in FIGS. 7a and 7b provides
a highly sensitive indicator of the magnetic flux applied
across the array 700.

[0050] Any electrical configuration that can bias a par-
ticular superconductor device 50 (or array of superconductor
devices), sense the electric state of the biased superconduc-
tor device 50 (or array of superconductor devices), and then
repeat the biasing and sensing for a plurality of supercon-
ductor devices in the array 700 is within the intended scope
of the electric source, and meter 477 of the present disclo-
sure. A variety of electric sources, a variety of meters, and
a variety of controllers in general are known as being
configured to control the operation of application of, and/or
the measurement of, electric potential to particular ones of
the superconductor devices or circuits. Particulars relating to
particular aspects of these electric sources, meters, and/or
controllers are generally well known in the electronics field,
and will not be further detailes herein.

[0051] Each quantum computer includes an array of qubit
elements. Certain embodiments of the quantum computer
therefore can utilize the arrays 700 (as shown in FIGS. 6
and 7) of qubit elements fabricated from superconductor
materials.

[0052] Certain embodiments of superconductor devices
described in this disclosure can therefore be produced using
IL techniques to provide a quantum computer. The article:
“Quantum Computing Using Superconductors”, Alexey V.
Ustinov, Physikalisches Institut, Universitit Erlangen-Niirn-
berg 91058 Erlangen, Germany, provides considerable infor-
mation on quantum computing.

[0053] One embodiment of the IL process is now
described that can be used to produce a variety of super-
conductor devices such as SQUIDs, Josephson junctions,
and qubit elements. Those quantum computers being pro-
duced using IL are within the intended scope of the present
disclosure. A plurality of relatively simple superconductor
devices can be combined with other devices (superconductor
and non-superconductor) to produce more complex devices.
In this disclosure a two level imprint lithography (IL)
process is used to define both the bottom and top supercon-
ductor electrodes. A separate imprint step may be used to
form the tunnel junction oxide layer. Certain embodiments
of the process flow are described relative to FIGS. 84, 8b,
8c, 84, 8¢, 8f, 8g, 84, 8i, 8j, 8k, 8/ 8m, 8n, 8o, 8p, and 8¢.
FIGS. 9a and 956 illustrate one embodiment of a two-level
IL process 701 that is performed by the controller or
computer 800, as shown in FIG. 11, that is used to fabricate
these superconductor devices. As such, the two-level IL
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process 600 that is illustrated in FIGS. 9a and 9b should be
considered in combination with the embodiment of IL
process flow described in FIGS. 8a, 8b, 8¢, 84, 8¢, 8f, 8g,
84, 8i, 8j, 8k 8/, 8m, 8n, 8o, 8p, and 8q.

[0054] The IL process 701 includes locating the substrate
306 (that is not necessarily silicon as described herein) as
illustrated in FIG. 8a on which to fabricate the supercon-
ductor device 50 or substrate. This locating the substrate 306
is shown in FIGS. 9a and 9b as 702. One embodiment of the
substrate 306 includes a semiconductor such as silicon,
gallium arsenide, or silicon-on-insulator (SOI). Another
embodiment of the substrate 306 includes a non-semicon-
ductor based substrate that is selected based on the specific
properties of the substrate material (e.g., flexibility, dimen-
sion, cost, durability, etc.). Examples of flexible substrates
306 include certain plastics, metal foil, paper, and fabric.
Examples of rigid substrates include certain plastics, glass,
metals, etc. As such, a wide variety of substrates are con-
sidered to be within the scope of the present disclosure.

[0055] An imprint layer 304 (e.g., typically formed from
a polymer) is deposited on the substrate 306 as shown in
FIG. 8b. The deposition of the imprint layer 304 on the
substrate 306 is referenced as 704 in FIGS. 9a and 9b. The
imprint layer 304 is initially deposited as a level sheet using
known deposition processes such as chemical vapor depo-
sition (CVD), sputtering, evaporation, spinning, dipping,
doctor blading, and physical vapor deposition. Certain
embodiments of the imprint layer 304 include a polymer
such as poly methyl methacrolate (PMMA). In other
embodiments, a non-polymer material may be used as the
imprint layer. The imprint layer has to be able to be
imprinted for the imprint lithography process to be effective.

[0056] In FIG. 8¢, the imprint template 305 that is to
perform the stamping or imprinting action in the IL process
is located nearby the imprint layer 304 in preparation of the
imprinting process. The imprint template 305 includes topo-
graphical patterns 512 that extend downward toward the
imprint layer 304. This positioning of the imprint template
305 near the imprint layer is 705 in FIGS. 9a and 9b.

[0057] In FIG. 8d (and 706 in FIGS. 9a and 9b), the
imprint template 305 is driven into the imprint layer 304 to
imprint, or stamp, some of the material of the imprint layer.
For imprint lithography, the imprint template 305 is driven
downward into the imprint layer 304 such that the topo-
graphical patterns 512 form as an inverse pattern of the
grooves or trenches as imprint portions 503.

[0058] Two embodiments of imprint lithography tech-
niques that are within the intended scope of imprint lithog-
raphy as described in the present disclosure are “thermal
imprint lithography” and “step and flash imprint lithogra-
phy”. In “step and flash” imprint lithography, the imprint
layer 304 is selected to have photochemical properties (e.g.,
a photoresist), and material of the imprint template 305 is
selected to be optically transparent. The inverse topographi-
cal pattern (i.e., groves or trenches that form imprint por-
tions 503) can be formed at substantially lower temperatures
and/or pressures by exploiting the photochemical conver-
sion and curing of the imprint layer 304 with “and flash”
imprint lithography than with “thermal imprint” lithography.

[0059] Thermal imprint lithography and step and flash
imprint lithography rely on different mechanisms to form the
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inverse topographical patterns in the imprint layer 304 based
on the topographical patterns 512 formed in the imprint
template 305. Any type of IL described in this disclosure can
use thermal IL or step and flash IL. Thermal IL relies
primarily on: a) heat applied to the imprint layer 304, and b)
pressure applied from the imprint template 305 into the
imprint layer 304 to shape the imprint layer.

[0060] To provide the imprinting process, the imprint
template 305 having the inverse pattern of the features of
interest is forced into imprint layer 304 and forms corre-
sponding patterns (illustrated by the imprint portion 503 in
FIGS. 8c and 84) into the imprint layer 304. The imprint
templates 305 can be formed using e-beam lithography that
is applied only once for each master-imprint template 305.
For imprinting, the imprint template 305 is typically pressed
into the imprint layer 304 at some pressure and at moder-
ately higher temperatures than room temperature.

[0061] Step and flash imprint lithography relies on light
(e.g., ultraviolet light) transmitted through the imprint tem-
plate 305 into the imprint layer. Applying light into such
imprint layer materials as a polymer hardens or cures the
polymer into its desired configuration. In step and flash
imprint lithography, sufficient pressure is applied from the
imprint template 305 into the imprint layer 304 to shape the
material of the imprint layer prior to the application of the
light. The light that is transmitted through the imprint
template 305 into the imprint layer 304 is at a frequency
(e.g., ultraviolet for certain imprint layer materials) that can
modify (e.g. cross-link) the photoresist polymer materials
forming the imprint layer. The imprint template 305 used in
step and flash imprint lithography is thus light-transparent so
light can be directed through the imprint template 305 into
the material forming the imprint layer 304. In one embodi-
ment, the imprint template 305 (used in step and flash
imprint lithography) is made from quartz that can be etched
using, for example, e-beam lithography. There is no require-
ment for thermal imprint lithography that the imprint tem-
plate 305 be light transparent.

[0062] In thermal imprint lithography, the imprint tem-
plate 305 is able to withstand the elevated temperatures
required to soften the material forming the imprint layer 304
(and may be, for example, made from a semiconductor such
as silicon or an oxide such as silicon dioxide). Performing
step and flash imprint lithography at non-elevated tempera-
tures can be useful for fabrication of multi-layered struc-
tures. Raising the temperature of an upper-most layer of a
multi-layered structure to a temperature where it becomes
deformable may also cause adjacent layers to reach a tem-
perature where they are either deformable, or are close to
being deformable. If the lower layers are near being deform-
able, then the pressures applied by the stamping of imprint-
ing actions of imprint lithography to the upper layer (to form
the grooves and trenches of the inverse topographical pat-
terns) may act to deform buried features on the lower layers.
As such, during thermal imprint lithography, the tempera-
tures of the substrate and the imprint layers must be closely
monitored. With step and flash imprint lithography, follow-
ing curing, the lower layers are maintained at a temperature
so that they will continue to be solid. In addition, step and
flash imprint lithography does not require the time to heat up
the material of the imprint layer, then cool down the material
of the imprint layer, during cycles. As such, taller structures
can be built using step and flash imprint lithography than in
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certain other lithographic techniques since the already
deposited layers are not raised to temperatures for IL pro-
cessing that is sufficient to distort previously deposited
layers by, for example, melting.

[0063] For thermal imprint lithography, following the
driving the imprint template 305 downward into the material
of the imprint layer to form the inverse pattern from the
imprint template 305 into the imprint layer deposited on the
substrate, the material of the imprint layer is cooled to a
temperature that it no longer has deformable characteristics.
For step and flash imprint lithography, light is directed
through the imprint template 305 until the imprint layer 304
is cured.

[0064] The imprint template 305 is then lifted out as
shown in FIG. 5d leaving the inverse-impressions formed in
the imprint layer 304 as illustrated. An inverse pattern of the
imprint template 305 (forming the topography) is replicated
in the material of the imprint layer 304. Following the lifting
out of the imprint template 305, a reactive ion etch (RIE),
oxygen plasma etch, or other type of etch can be used to
clear out certain imprint layer residuals (e.g., residual poly-
mer material) that may remain where the features of the
imprint template 305 have been pressed into the imprint
portion 503 formed in the imprint layer 304. The RIE
process is illustrated in FIG. 8f and at 708 in FIGS. 94 and
9b.

[0065] 1If desired, a second imprint layer 304 (that acts as
a passivation layer) may be redeposited within the imprint
portions 503. During the deposition of such a repassivation
layer, an electrical insulator (oxide, etc.) is deposited on top
of the substrate using a blanket deposition process (such as
sputtering, evaporation, CVD). Also silicon will form an
oxide intrinsically, and may utilize known techniques of
making the layer thicker.

[0066] FIG. 8¢ illustrates the imprint layer 304 following
an actual imprinting process. The regions of the imprint
layer 304 that are stamped (i.e., in which the imprint
portions 503 are formed) generally correspond to the regions
of the active layer 302 that eventually form the supercon-
ductor electrode 202 and the associated electronic circuitry
as shown in FIGS. 8¢ as described below.

[0067] In FIG. 8¢ (also 709 in FIGS. 94 and 9b), one or
more superconductor materials (e.g., a superconductor
metal) are deposited as a superconductor layer 310 over the
topography formed following 8f. The superconductor layer
310 can be deposited on/within in the imprint layer 304.
Superconductor layer 310 is formed both in the trenches and
on the top of the imprint layer 304. The superconductor layer
310 can be applied on the imprint layer 304 by such
deposition processes as evaporation, sputtering, and/or
chemical vapor deposition (CVD). In FIG. 8g, the super-
conductor layer 310 is deposited on the imprint layer 304
and in the impression portion of the imprint layer that
followed the stamping/imprinting process shown in FIGS.
8¢, 84, and 8e. The superconductor layer 310 is deposited at
a thickness that is less than the height of the profile of the
imprint layer 304 (the depth d4 of the trenches) so the
deposited superconductor layer 310 within the trenches does
not form a continual structure with the superconductor layer
310 deposited above the imprint layer 304. If such a con-
tinual structure of superconductor material were formed,
removal (e.g. by a lift-off process) of the superconductor
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layer 310 on the imprint layer 304 as shown in FIG. 8
would be made more difficult (if not impossible).

[0068] Depending on the aspect ratio of the impressions
within the imprint layer 304, it is ensured that the height will
allow the lift-off process to be used. Lift-off can only be used
with greater than a prescribed height/aspect ratio.

[0069] In FIG. 82 (and 710 in FIGS. 9a and 9b), the
remaining imprint layer 304 and the portions of the super-
conductor layer 310 above the imprint layer 304 are “lifted
off” to be separated from the active layer 302. To provide
lift-off, the imprint layer 304 covered by the superconductor
layer 310 is etched away using a chemical etching process
(for example by soaking in acetone). Etching away those
portions of the imprint layer 304 that are deposited under the
superconductor layer allow the superconductor layer 310
over those portions of the imprint layer 304 to be lifted off.

[0070] Following the “lift-off” (of the remaining portions
of the thin imprint layer 304) as shown in FIG. 84, the
superconductor layer 310 remaining on the substrate 306
forms the one of the superconductor electrodes 202 as
illustrated in FIGS. 1, 2, and 3. When forming such super-
conductor devices as the Josephson junction 200 (as shown
in FIGS. 1, 2, and 3), or the DC SQUID 400 (as shown in
FIG. 4), the tunnel junction 208 as well as the top super-
conductor electrode 202 is formed on top of the substrate
306 and the bottom superconductor electrode 204. To com-
plete fabrication of a superconductor device, the second one
of the superconductor electrodes 204 is deposited in a
manner described to FIG. 8¢. In addition, a passivation
insulator layer 311 is created between the superconductor
electrodes 202 and 204 in a manner now described.

[0071] Following the above fabrication technique as illus-
trated in FIGS. 8a, 8b, 8c, 84, 8¢, 8f, 8g and 84, a
passivation (oxide) insulator layer 311 is applied in FIG. 8i
(and 712 in FIGS. 9a and 9b) in the form of a blanket
electrical insulator layer that ultimately electrically insulates
the two superconductor electrodes 202, 204. The blanket
passivation insulator layer 311 can be, for example, silicon
dioxide, silicon nitride, or polysilicon deposited over the
entire array 700. It is important to apply a blanket electrical
insulator layer to the top of the bottom superconductor
electrode. This can be done using a standard CVD process
or by sputtering an insulator. FIG. 8j (also 714 in FIGS. 94
and 9b), the passivation insulator layer 311 is planarized
using chemical mechanical polishing (CMP) to remove any
disparities on the surface in the passivation layer 311 above
the superconductor electrode 202.

[0072] A second imprint layer 314 (that in one embodi-
ment includes a polymer) is next deposited on the passiva-
tion oxide layer 311 as shown in FIG. 8k (also 716 in FIGS.
9a and 9b). The imprint layer 314 can then be imprinted
using IL procedures to form the desired pattern, and in a
similar manner to that applied to the imprint layer 304.

[0073] In one embodiment, the imprint layer 314 is
imprinted (i.e., by stamping) as described in FIG. 8/ and 718
in FIGS. 92 and 9b. Once the imprint layer 314 has been
imprinted, a hard mask metal 315 is deposited on the imprint
layer 314 as also shown in FIG. 8/. Certain portions of the
hard mask metal 315 are deposited on the non-imprinted
portions 504 of the hard mask imprint layer 314, and these
portions can be lifted off as shown in FIG. 8m. Other
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portions of the hard mask metal 315 are deposited on the
passivation insulator layer 311 that are within the imprinted
(i.e. removed) portion of the imprint layer 314; and these
portions form the final outline of the hard mask metal 315.
The hard mask metal 315 creates a template to remove the
passivation insulator layer, and thereby determines the loca-
tion of the tunnel junction 208 as shown in FIGS. 1 to 3.
Following the imprinting of the hard mask imprint layer 314
by the hard mask imprinting template, the pattern of the hard
mask imprint layer 314 closely mirrors the pattern of the
superconductor electrode 202 (taken in a horizontal plane).
The pattern of the imprint layer 314 determines the location
of the hard mask metal 315. The portion of the hard mask
metal 315 that is deposited on the passivation insulator layer
311 has a reversed pattern (taken in the horizontal cross-
sectional plane as shown in FIG. 8m) as the superconductor
electrode 202.

[0074] Following the formation of the hard mask metal
315, another dry etch, RIE etch, or chemical etch process is
performed to remove small regions of the passivation insu-
lator layer 311, and thereby expose a portion of the metal
forming the superconductor electrode 202. This is shown in
FIG. 87 and in 722 of FIGS. 9a and 9b. By exposing the
metal of the first superconductor electrode 202, the bottom
electrode metal is then oxidized for a very brief period of
time using conventional oxidation processes (e.g., to convert
niobium into Nb,O) which functions as a tunnel layer.

[0075] To perform this hard mask process, as shown
starting in FIG. 8/ (and shown in 720 in FIGS. 94 and 9b),
a hard mask metal 315 is deposited on the substrate above
the passivation insulator layer 311 that is not covered by the
hard mask imprint layer 314. The hard mask metal 315 is
also deposited on those portions of the imprint layer 314 that
remains deposited above the passivation insulator layer 311
following the imprinting/stamping process. In FIG. 8m (as
shown in 722 in FIGS. 9a and 9b), the portions of the hard
mask imprint layer 314 that remains deposited above the
passivation insulator layer 311 (including those portions of
the hard mask metal 315 deposited thereupon) are lifted off
from the passivation insulator layer 311. Following FIG.
8m, the hard mask metal 315 will generally cover those areas
of the passivation insulator layer 311 that are not vertically
above (and spaced from) the superconductor electrode 202.

[0076] As shown in FIG. 8x (also 724 in FIGS. 9a and
9b), those portions of the passivation insulator layer 311 that
are below openings 317 formed in the hard mask metal 315
are etched. This etching is performed down to the level of
the superconductor electrode 202. As such, the supercon-
ductor electrode 202 will be substantially open to the
atmosphere above the substrate 306.

[0077] In FIG. 80 (also 726 in FIGS. 9a and 9b), all
remaining portions of the hard mask metal 315 are etched
from above the passivation insulator layer 311. This removes
the remaining portions of the hard mask metal 315 leaving
behind a recess in the passivation insulator layer 311 that
exposes the tunnel junction 208 for further processing. As
shown in FIG. 8o, the upper surface of the substrate 306 is
covered by the passivation insulator layer 311 and the
superconductor layer 310 forming the superconductor elec-
trode 202.

[0078] As shown in FIG. 8p (and 726 in FIGS. 92 and
9b), the tunnel junction 208 is formed by oxidizing the
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bottom superconductor electrode 202. As shown in FIG. 8¢q
(and 728 in FIGS. 92 and 9b), the superconductor electrode
204 is deposited on the substrate using IL techniques. The
superconductor electrode 204 is deposited on the substrate in
a similar manner as the superconductor electrode 202
described relative to 709 and 710 in FIGS. 9a and 9b. The
superconductor electrode 204 remains electrically insulated
from the superconductor electrode 202 at all locations (in a
similar manner as described relative to FIGS. 1, 2, and 3)
except at the tunnel junction 208 in which a certain number
of electrons can tunnel between the superconductor elec-
trodes 202 and 204.

[0079] Considering the embodiments of superconductor
device 50 shown in FIGS. 1, 2, and 3, the Josephson
junction 200 can be formed by forming two superconductor
electrodes 202, 204 having a thin metal oxide junction
formed between. In one embodiment, niobium is used which
is a good superconductor metal. A small region of the
niobium is oxidized between the two electrodes to form a
tunnel junction formed from niobium pentoxide. The oxi-
dized region is either on the edge of the lower layer, or above
one electrode and below the second electrode.

[0080] SQUIDs are among the most sensitive devices to
measure magnetic fields. Magnetic fields thread flux lines
through the superconductor loop 402 (into or out of the plane
of the paper shown in FIG. 4 in the region shown as 410)
and force an interference between the two Josephson junc-
tions 200 of the DC SQUID. The quantum mechanical
nature of this interference is the source of the DC SQUIDs
400 remarkable sensitivity to extremely small magnetic
fields. It is this property that provides a mechanism for
detecting minute magnetic fields produced by the brain and
other portions of the body, or other magnetic field sources
(naturally occurring or man made). DC SQUIDs 400, RF
SQUIDs, and other superconductor devices including
Josephson junctions are particularly suited for biological,
physiological, and other applications where the levels of the
generated magnetic fields are minute, and therefore have to
be measured or detected by extremely sensitive devices. IL
technique provides with the capability to efficiently fabricate
a large quantity of such superconductor devices as the
Josephson junctions, DC SQUIDs 400, and RF SQUIDs.

[0081] DC SQUIDs 400 and RF SQUIDs have found
many applications relating to the sensing of magnetic flux.
Dense arrays of the DC SQUIDs 400 and/or the RF SQUIDs
make it possible to spatially map magnetic fields at high
resolutions. Current e-beam lithography can fabricate super-
conductor devices with dimensions that are down to a few
tens of nanometers. One embodiment of IL thereby utilizes
imprint templates 305 (see FIG. 8¢) produced by such
techniques as e-beam lithography to produce parts that are
virtually identical to these imprint templates 305. As such IL
is also capable of producing superconductor parts having
dimensions that are within the few-tens of nanometer scale.

[0082] The relative thermal expansions and flexibilities of
the materials should be considered when using supercon-
ductors. Many materials will not be flexible even at 77
degrees kelvin, where the bulk of high temperature super-
conductors typically operate. In one embodiment, the
device/sheet is shaped around the object being sensed (or to
be sensed) prior to the device/sheet being cooled down.

[0083] In this disclosure, the use of IL methods are
described in the fabrication of the arrays 700 of Josephson
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junctions 200 and SQUIDs. By exploiting the advantages of
the IL process, it may be possible to manufacture dense,
cross-bar arrays 700 of superconductor devices and circuits
in a cost effective way. SQUIDs are used in a variety of
applications such as biomedical diagnosis, nondestructive
testing, magnetometry, gradiometry, susceptometry, gravity-
wave antennas, and imaging. These applications will con-
tinue to press the limits of spatial resolution and will utilize
macroscopic, mesoscopic, and ultimately nanoscopic device
geometries and will use manufacturing and fabrication pro-
cesses capable of producing these nano-scale, meso-scale,
macro-scale, and mixed-scale device features. The fabrica-
tion methods discussed in this disclosure outline a low cost
manufacturing approach, which may address these emerging
applications.

[0084] Using imprint lithography as illustrated in FIGS.
8a, 8b, 8¢, 84, 8¢, 8f, 8g, 8h, 8i, 8j, 8k 81, 8m, 8n, 8o, 8p,
and 8¢ offers several advantages, including the ability to
define and produce an array 700 of superconductor devices.
Imprint lithography can produce nanostructures, mesostruc-
tures, and even macrostructures (that are orders of magni-
tude larger) simultaneously. Imprint lithography can per-
form the integration between superconductor devices having
different sizes effectively and efficiently. Another important
advantage of the simultaneous fabrication of nano-scale,
meso-scale, macro-scale, and mixed-scale structures is that
device performance may vary with size; such that the
optimal size might vary between applications.

[0085] The use of semiconductor materials in the substrate
may be desired to provide a superconductor circuit that
includes semiconductor components (such as control and
power supply components). The active layer 302 may also
include implanted dopants applied using ion implantation.
For those embodiments of superconducting circuits includ-
ing semiconductor portions, a conductor or semiconductor
active layer 302 can be provided.

[0086] One interest is the commercialization of portable,
affordable brain function mapping and imaging diagnostic
tools. By leveraging the features of imprint lithography it is
possible to fabricate arrays of SQUIDs on low cost flexible
substrates eliminating the need for expensive silicon sub-
strates. Furthermore, by fabricating arrays of SQUIDs on
conformal substrates, it is possible to more precisely shape
the dense sensor arrays around the patient’s head.

[0087] The operation of certain superconductor devices
(such as Josephson junctions, superconductor transmission
lines, and SQUIDs) improve as certain of their dimensions
decrease. For instance, certain superconductor devices
become more sensitive or more responsive. Repeatability
and large production of such superconductor circuits and
devices is allowed by IL processing. Detectors using Joseph-
son junctions can accurately sense incrementally minute
magnetic fields with high accuracy. Josephson junctions,
superconductor transmission lines, and SQUIDs are perti-
nent to many medical, biological, and physiological appli-
cations. This disclosure describes a variety of dense arrays
of SQUIDs (and the associated manufacture thercof) that
utilize an image mapping technology to provide high reso-
lution brain images. Arrays of SQUID-based arrays can also
be used for other technologies that are based on the detection
of minute magnetic fields produced by the brain or other
body parts, such as magnetoencephalography technology.
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[0088] Prior art superconductor devices such as Josephson
junctions 200 and SQUIDs are fabricated using electron
beam lithography, anodization, ploughing, and focused ion
beam processes. These fabrication technologies are suited,
intended, and designed for fabricating discrete superconduc-
tor devices one-by-one. For example, with traditional
e-beam lithography, each superconductor device 50 is pat-
terned and processed individually. For commercial quanti-
ties of circuits, however, reproducibility of circuits such as
is provided by IL, as described in FIGS. 84, 8b, 8¢, 84, 8e,
8f, 8g, 8h, 8i, 8j, 8k 8 8m, 8n, 80, 8p, and 8¢ in this
disclosure, is important to repeatedly produce superconduc-
tor devices, circuits and arrays of desired and controllable
quality.

[0089] FIG. 11 illustrates one embodiment of a controller
or a computer 800 that can perform the two-level IL process
701 that creates the superconductor electrodes 202 on the
wafer using the technique illustrated in FIGS. 84, 8b, 8¢, 84,
8¢, 81, 8g, 84, 8, 8], 8%, 8/, 8m, 8n, 80, 8p, and 8¢. A process
portion or “fab” is illustrated as 802. The process portion
802 may include a variety of process chambers 811 that the
wafer 306 is translated between (often using a robot mecha-
nism 812) to process the wafer 306. The particulars of the
processing often vary between different suppliers. Such
processes as chemical vapor deposition, physical vapor
deposition, and electro-chemical deposition are known for
deposited and/or etching specific materials within the pro-
cess portion 802.

[0090] The controller or the computer 800 comprises a
central processing unit (CPU) 852, a memory 858, support
circuits 856 and input/output (I/O) circuits 854. The CPU
852 is a general purpose computer which when programmed
by executing software 859 contained in memory 858
becomes a specific purpose computer for controlling the
hardware components of the processing portion 802. The
memory 858 may comprise read only memory, random
access memory, removable storage, a hard disk drive, or any
form of digital memory device. The I/O circuits comprise
well known displays for output of information and key-
boards, mouse, track ball, or input of information that can
allow for programming of the controller or computer 800 to
determine the processes performed by the process portion
802 (including the associated robot action included in the
process portion. The support circuits 856 are well known in
the art and include circuits such as cache, clocks, power
supplies, and the like.

[0091] The memory 858 contains control software that
when executed by the CPU 852 enables the controller or the
computer 800 that digitally controls the various components
of the process portion 802. A detailed description of the
process that is implemented by the control software is
described with respect to FIGS. 9a or 95, as illustrated with
respect to FIGS. 84, 8b, 8¢, 84, 8¢, 8f, 8g, 84, 8i, 8j, 8k, 8/,
8m, 8n, 80, 8p, and 8¢. In another embodiment, the computer
or controller 800 can be analog. For instance, application
specific integrated circuits are capable of controlling pro-
cesses such as occur within the process portion 802.

[0092] Although the invention is described in language
specific to structural features and methodological steps, it is
to be understood that the invention defined in the appended
claims is not necessarily limited to the specific features or
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steps described. Rather, the specific features and steps
disclosed represents preferred forms of implementing the
claimed invention.

What is claimed is:

1-46. (canceled)

47. A computer readable medium having programming
thereon for:

depositing an imprint layer on at least a portion of a
substrate;

imprinting the imprint layer to provide at least one
imprinted recess in the imprint layer and a non-im-
printed portion of the imprint layer that at least partially
surrounds the imprinted recess in the imprint layer;

depositing a first superconductor layer in at least a portion
of the imprinted recess of the imprint layer;

forming a tunnel junction at least partially in contact with
the first superconductor layer; and

depositing a second superconductor layer at least partially
in contact with the tunnel junction, wherein at least a
portion of the second superconductor layer extends
beyond a portion of the imprinted recess of the imprint
layer in which the first superconductor layer is depos-
ited and the first superconductor layer, the tunnel
junction, and the second superconductor layer combine
to form a superconductor device.

48. The medium of claim 47 having further programming
thereon for lifting-off the second superconductor layer from
the non-imprinted portion of the imprint layer.

49. A computer readable medium having programming
thereon for:

forming a substrate from a flexible material;

depositing an imprint layer on at least a portion of the
substrate;

imprinting the imprint layer to provide an imprinted
recess within the imprint layer and a non-imprinted
portion of the imprint layer that at least partially
surrounds the imprinted recess;

depositing a first superconductor layer in at least a portion
of the imprinted region of the imprint layer;

forming a tunnel junction at least partially in contact with
the first superconductor layer;

depositing a second superconductor layer at least partially
in contact with the tunnel junction, wherein at least a
portion of the second semiconductor layer extends
above the non-imprinted portion of the imprint layer
and the first superconductor layer, the tunnel junction,
and the second superconductor layer combine to form
the superconductor device; and

lifting-off at least a portion of the superconductor device
from at least a portion of the non-imprinted portion of
the imprint layer to create the portion of the supercon-
ductor device that is separate from the substrate.
50. A control system for the fabrication of a supercon-
ductor device, comprising:

a central processing unit;

memory operatively coupled to the central processing
unit;
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input/output circuits operatively coupled to the central
processing unit; and

the memory having programming residing thereon that
when executed by the central processing unit causes the
central processing unit to implement the following acts

depositing an imprint layer on at least a portion of a
substrate,

imprinting the imprint layer to provide at least one
imprinted recess in the imprint layer and a non-
imprinted portion of the imprint layer that at least
partially surrounds the imprinted recess in the
imprint layer,

depositing a first superconductor layer in at least a
portion of the imprinted recess of the imprint layer,

forming a tunnel junction at least partially in contact
with the first superconductor layer, and

depositing a second superconductor layer at least partially
in contact with the tunnel junction, wherein at least a
portion of the second superconductor layer extends
beyond a portion of the imprinted recess of the imprint
layer in which the first superconductor layer is depos-
ited and the first superconductor layer, the tunnel
junction, and the second superconductor layer combine
to form a superconductor device.

51. A control system for the fabrication of a supercon-

ductor device, comprising:

a central processing unit;

memory operatively coupled to the central processing
unit;

input/output circuits operatively coupled to the central
processing unit; and

the memory having programming residing thereon that
when executed by the central processing unit causes the
central processing unit to implement the following acts

forming a substrate from a flexible material,

depositing an imprint layer on at least a portion of the
substrate,

imprinting the imprint layer to provide an imprinted
recess within the imprint layer and a non-imprinted
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portion of the imprint layer that at least partially
surrounds the imprinted recess,

depositing a first superconductor layer in at least a
portion of the imprinted region of the imprint layer,

forming a tunnel junction at least partially in contact
with the first superconductor layer,

depositing a second superconductor layer at least par-
tially in contact with the tunnel junction, wherein at
least a portion of the second semiconductor layer
extends above the non-imprinted portion of the
imprint layer and the first superconductor layer, the
tunnel junction, and the second superconductor layer
combine to form the superconductor device, and

lifting-off at least a portion of the superconductor
device from at least a portion of the non-imprinted
portion of the imprint layer to create the portion of
the superconductor device that is separate from the
substrate.
52. An in-process structure in the fabrication of a super-
conductor device, the in-process structure comprising:

a substrate;

a deformable material formed over the substrate, the
deformable material having imprints therein in a pat-
tern of first superconductor electrodes for an array of
Josephson junctions; and

a superconductor layer in each imprint.
53. An in-process structure in the fabrication of a super-
conductor device, the in-process structure comprising:

a substrate;

a first superconductor layer formed over the substrate in
a pattern of first superconductor electrodes for an array
of Josephson junctions;

oxidized portions of the first superconductor layer at
desired locations of the Josephson junctions;

a deformable material formed over the first superconduc-
tor layer, the deformable material having imprints
therein in, a pattern of second superconductor elec-
trodes for the array of Josephson junctions; and

a second superconductor layer in each imprint.

#* #* #* #* #*



