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preparation includes: obtaining a first pattern structure for generating a first
Josephson junction of a first type and a plurality of second pattern structures
for generating a plurality of second Josephson junctions of a second type;
evaporating a material on the first pattern structure and the plurality of sec-
ond pattern structures based on a first evaporation direction to generate a
first electrode layer for implementing information transmission; forming an
insulating layer on the first electrode layer, the insulating layer including
a compound corresponding to the material; evaporating the material on the
first pattern structure and the plurality of second pattern structures based on a
second evaporation direction to generate a second electrode layer for imple-
menting information transmission; and forming the first Josephson junction
and the plurality of second Josephson junctions.
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METHOD FOR PREPARING A JOSEPHSON JUNCTION, APPARATUS, AND
DEVICE, AND SUPERCONDUCTING DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS
{8661} The present disclosure ¢laims benefits of and priority to Chinese patent
application No. 202011187173.0, filed on October 29, 2020, the content of which is
mcorporated herein by reference 1n its entircty.

TECHNICAL FIELD

HEHEEAS The present disclosure relates to the technical field of superconducting circuts,
and in particular, to a method for preparing a Josephson junction, apparatus, and device, and
a superconducting device,

ACKGROUND

{88431 A Josephson junction, or referred to as a superconducting tunnel junction, is
generally a structure including two superconductors sandwiching a very thin barrier laver,
such as a Josephson junction formed by a superconductor (8)-insulator (I)-superconducior {5}
structure, referred to as 8IS, The above Josephson junction is a key component for the
realization and apphication of modern quantum computing. Specifically, m a superconducting
guantum computer, superconducting gubits that perform logical operations can be
constructed by making one or more Josephson junctions and adding some other additional
cireuit clements {such as capacitance elements and inductance clements} at the same time.
Therefore, the preparation guality of the Josephson junction is the kev to the generation of
superconducting qubits.

a4} At present, a preparation method for the Josephson junction usually uses a mask
plate to perform shadow evaporation. However, when the above method is used to prepare a
Josephson punction, the quality of the Josephson junction largely depends on precise control
on the thickness of photoresist and on an gvaporation direction. I the evaporation direction

changes or the thickness of the photoresist changes, the junction gquality of the Josephson
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junction will change. Therefore, the preparation quality of the Josephson junction cannot be
guaranteed.

SUMMARY
R EECH The embodiments of present disclosure provide methods, apparatuses, and devices
for Josephson junction preparation as well as a superconducting circuit. In an aspect, a
method for preparing a Josephson junction mchudes obiaining a first pattern structure for
generating a first Josephson punction of a first type and a plurality of second pattern structures
for generating a plorality of second Josephson junctions of a second type, wherein a junction
arca of the first Josephson junction is different from a junction arca of at least one of the
plurality of sccond Josephson junctions; evaporating a material on the first patiern structure
and the plorality of second pattem structures based on a first evaporation dircction to generaie
a first clectrode layer for vuplementing mformation transmission, wherein the first
evaporation direction is substantially paralle! to an edge of the first pattern structure and an
cdge of at least one of the phurality of second pattern structures; forming an insulating layer
on the first electrode layer, the insulating laver including a compound corresponding to the
material; evaporating the material on the first pattorn structure and the plurality of second
pattern structures based on a second evaporation direction to generate a second electrode
fayer for implementing mformation trapsmission, wherein the second evaporation direction is
substantially parallel to the edge of the first patiem structure and the edge of the at least one
of the plurality of second pattern structures; and forming the first Josephson punction based
on the first electrode layer generated on the first pattern structure, the insulating layer, and the
second electrode layer generated on the first pattern structure, and forming the plurality of
second Josephson junctions based on the first electrode layer generated on the plurality of
second pattern structures, the insulating layer, and the second electrode layer generated on the

plurality of second patiern structures.
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{8886} In another aspect, an apparatus for preparimg a Josephson junction includes: at
feast one circuitry configured for obtaining a first pattern structure for generating a first
Josephson junction of a first type and a plurality of second pattem structures for generating a
plurality of second Josephson junctions of a second type, whergin a junction area of the first
Josephson junciion s different from a junction arca of at least one of the plurality of second
Joscphson junctions; causing the apparatus to cvaporaic a material on the first pattemn
structure and the plarality of second pattern stractures based on a first evaporation direction
to generate a first electrode laver for implementing information transmission, wherein the
first cvaporation direction is substantially paralic] to an edge of the first pattern stracture and
an edge of at least one of the plarality of second pattem structures; causing the apparatus to
form an msulating layer on the first electrode laver, the insulating layer including a
compound corresponding to the matenal; causing the apparatus to cvaporate the material on
the first pattern stracture and the plurality of second pattern structures based on a second
evaporation direction to generate a second electrode layer for implementing information
transmission, wherein the second evaporation direction is substantially paraliel to the cdge of
the first pattom structure and the edge of the at least one of the plurality of second pattern
structures; and causing the apparatus o form the first Josephson junction based on the first
glectrode laver generated on the first pattem structure, the insulating laver, and the second
clectrode laver generated on the first pattern structure, and to form the plurality of second
Josephson junctions based on the first electrode layer generated on the plurality of second
pattern stractures, the msulating layer, and the second electrode layer gencrated on the
plurality of second pattern structures.

{86073 In yet another aspect, a device for preparing a Josephson junction includes at lcast
one processor and a memory configured 1o store a set of instructions exscutable by the at

least one processor to canse the device to perform: obtaining a first pattemn structure for
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generating a first Josephson junction of a first type and a plurality of second pattern structures
for generating a plurality of second Josephson junctions of a second type, wheremn a junction
arca of the first Josephson junction is dufferent from a junction arca of at least one of the
plurality of second Josephson junctions; evaporating a materiad on the first pattem structure
and the plorality of second patien structures based on a first evaporation direction to generate
a first clectrode layer for vuplementing mformation transmission, wherein the first
evaporation direction is substantially parallel to an edge of the first pattern structure and an
cdge of at least one of the plurabity of second pattern structures; forming an nsulating layver
on the first electrode layer, the insulating laver inchuding a compound corresponding to the
maternal; evaporating the material on the first pattern structure and the plurality of second
pattemn structures based on a second evaporation direction to generate a second electrode
layer for vnplementing mformation transmission, wherein the second evaporation dircction s
substantially parallel to the edge of the first pattem steucture and the edge of the at least one
of the plurality of second pattern structures; and forming the first Josephson punction based
on the first electrode layer generated on the first patiern structure, the msulating laver, and the
second electrode layer generated on the first pattern structure, and formmng the plurality of
second Josephson junctions based on the first electrode layer gencrated on the plurality of
second pattern structures, the insulating layer, and the second electrode layer generated on the
plurality of sccond patiern structures.

{8088] In yet ancther aspect, a superconducting cireuit includes a first Josephson junction
of g first type connected in parallel to a plurality of second Josephson pmetions of a second
type, wherein the plurality of second Josephson junctions are connected 1n serigs, and
wherein the first Josephson junction and the plurality of second Josephson junctions are
generated by a method. The method mcludes obtaining a first pattern structure for generating

a first Josephson punction of a first type and a plurality of second patiem structures for
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generating a plurality of second Josephson junctions of a second type, wherein a junction area
of the first Josephson junction is difforent from a junciion area of at least one of the plurality
of second Josephson junctions; evaporating a material on the first pattern structure and the
plurality of second pattern structares based on a first evaporation direction to generaie a first
elecirode laver for implementing mmformation transmission, wherein the first evaporation
direction s substantially parallel to an edge of the first pattern structure and an edge of at
least one of the plurality of second pattern structures; forming an insulating layer on the first
clectrode laver, the maulating layer including a compound corresponding to the material;
evaporating the matenal on the first paticm structure and the plurality of second patiem
structures based on a second evaporation direction to gencrate a second electrode layer for
nnplementing information transmission, wherein the second evaporation direction is
substantially parallel to the edge of the first patiern structure and the edge of the at least one
of the plurality of second pattern structures; and forming the first Josephson junction based
on the first electrode layer generated on the first pattern structure, the insulating layer, and the
second electrode ayer generated on the first paticr structure, and forming the plurality of
second Josephson junctions based on the first electrode layer generated on the plurality of
second pattern structures, the insulating layer, and the second electrode layer generated on the
plurality of second pattern structures.

BRIEF DESCRIPTION OF THE DRAWINGS

{80489] To describe the techuical solutions o the embodiments of the present disclosure
more clearly, the accompanying drawings required for deseribing the embodiments are
briefly miroduced below. It 15 apparent that the accompanving drawings described m the
following are mercly some embodiments of the present disclosure, and those of ordmary skill
it the art can still derive other drawings from thess accompanying drawings without creative

efforts.
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R Figs. 1-3 are schematic diagrarns iHlustrating a process of preparing a Josephson
Junchion.

LHIT Y Figs. 4A is a schematic diagram itlustrating a process of preparing a Josephson
jenction using a first projection angle.

U Fig. 4B 13 a schematic diagram illustrating a process of preparing a Josephson
unction using a second projection angle.

{8813] Fig. SA is 3 schematic diagram iHlustrating a process of preparing a Josephson
junction using photoreaist with a first thickness.

{6814 Fig. 38 15 a schomatic diagram dlustrating a process of preparing a Josephson
jenction using photoresist with a second thickness.

HESRY Fig. 6 is a flowchart illustrating a method for preparing a Josephson junction,
consistent with some embodimnents of this disclosure.

{8016} Fig. 7 is a flowchart illustrating a method of obtaining a first pattern stracture and
a plurality of second pattern structures, consistent with some embodiments of this disclosurs.
{88171 Fig. 8 1s a schematic structural diagram of a mask plate, consistent with some
embodiments of this disclosure.

{18 Fig. 9 is a flowchart of another method for preparing a Josephson junction,
consistent with some embodiments of this disclosare.

{B019] Fig. 10 15 a flowchart of still another method for preparnng a Josephson junction,
consistent with some embodiments of this disclosure.

{8028 Fig. 11 13 a schematic diagram iHostrating a process of preparing a Joscphson
junction, consistent with some embodiments of this disclosare.

HESa ¥ Fig. 12 15 a schematic structural diagram dlusirating an apparatus for preparing a

Josephson junciion, consistent with some embodiments of this disclosure.
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{84324 Fig. 13A 15 a schematic structural diagram lustrating an electronic device for
preparing a Joscphson junction, consistent with some embodiments of this disclosure.

LHEAKH Fig. 13B is a block diagram of an oxample system for operating a quantum circuit,
consistent with some embodiments of this disclosure.

{3024} FIG. 13C 15 a schematic diagram llustrating an example quantum controlier for
operating quantum circuits, consistent with some embodiments of this disclosure.

{8825] Fig. 14 15 a schematic diagram illustrating a superconducting devige, consistent
with some embodiments of this disclosure.

BETAILED DESCRIPTION

ALY Reference can now be made in detail to example embodiments, examples of
which are illustrated in the accompanving drawings. The following description refers to the
accompanying drawings in which the same numbers in different drawings represent the same
or similar clements unless otherwise represented. The implementations set forth in the
following description of example embodiments do not represent all implementations
consistent with the disclosure. Instead, they are mevely examples of apparatuses and methods
consistent with aspects related to the disclosure as recited in the appended clawms. Particular
aspects of present disclosure arg descnbed in greater detail below. The terms and definitions
provided herein conirol, if in conflict with terms or definitions incorporated by reference.
{8027} The terminology used 1o the embodiments of the present disclosure s for the
purpose of describing particolar embodiments only, and is not intended to Hmit the present
disclosure. The singuolar forms “a,” “said,” and “the™ used in the embodiments of the present
disclosure and the appended claims are also intended to include plural forms, unless other
meanings are clearly indicated m the context, and “muliiple” generally includes at feast two,

but does not exclude the case of including at least one.
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{88281 It should be noted that, the relational terms herein such as “first” and “second™ are
used only to differentiate ar entity or operation from another entity or operation, and do not
require or imply any actual relationship or sequence between these entities or operations.
Moreover, the words “comprising,” “having,” “containing,” and “inchiding,” and other
simuilar forms are intended 1o be equivalent in meaning and be open ended 1 that an item or
tiems following any one of these words 18 not meant to be an exhaustive listing of such item
or ftems, or meant to be limited to only the listed ttem or items.

{88291 As used herein, unless specifically stated otherwise, the term “or” encompasses all
possible combinations, except where infeasible. For exaraple, f « is stated that a component
can include A or B, then, unless specifically stated otherwise or mfeasible, the component
can include A, or B, or A and B. Ag a second example, if it is stated that a component can
include A, B, or C, then, unless specifically stated otherwise or infeasibie, the component can
mchide A,orBorCorAand BorAand C,orBand €, or A and B and C.

{8634 Depending on the context, the words “in case of” and “if” as used herein can be
interpreted as “at the time of” or “when” or “in response to determination” or “m response (o
detection.” Similarly, depending on the context, the phrase “if determined” or “if detected (a
stated condition or gvent)” can be interpreted as “when determined” or “in response to
determination” or “when detected (a stated condition or event)” or “response to detection {of
a stated condition or event).”

{8031 It should be further noted that the terms “inclade,” “comprise,” or any other
variations thercof are mtended to cover non-exclusive inclusion, so that a commodity or
sysiem including a series of elements not only includes the clements, but also includes other
clements not explicitly listed, or further includes eloments inberent to the commmodity or
system. In the absence of more limitations, an clement defined by “including a/an .7 does

not exclude that the commodity or system including the elernent further has other identical

o]



WO 2022/093618 PCT/US2021/055996

clements. In addition, the sequence of steps in the following method embodiments 1s only an
exaraple, not a strict lunitation.

{4324 As used herein, a Josephson junction {also referred to as “a superconducting
tunne] junction”™) can refer to a structure including two superconductors sandwiching a thin
barrier layver. By way of example, a Josephson junction can be formed by a superconductor-
insulator-superconductor structure {or referred to as an “S-1-57 structure}. The Josephson
punction can be a key component for implementation and application of modern quantum
computing. In some applications, a superconducting guantum computer can utilize a large
number {e.g., about 1 vullion) of superconducting guantum bits (“qubits™) to achicve high-
precision data operations. The superconducting qubits that perform logical operations can be
constructed by preparing one or more Josephson junctions and adding additional circust
clements (e.g., capacitance elements or inductance clements). Therefore, preparing a large
number of superconducting qubits with uniform structures can be very important for
superconducting quantum computers. One of the keys to producing superconducting qubits is
the preparation quality of the Josephson junction {¢.g., an arca of the Josgphson junction, a
critical current of the Josephson junction, a non-superconducting normal-state resistance of
the Josephson junction, or any other characteristios of the Josephson punction}.

B3033] Existing technigues for preparing a Josephson junction typically melade shadow
cvaporation with a mask plate. Figs. 1-3 are schomatic diagrams illustrating a conventional
process of preparing a Josephson junction. As shown in Fig. 1, a mask plate 102 can include
a first mask pattern 104 and a second mask pattern 106, and a bridge stracture 108 ig arranged
between first mask pattern 104 and second mask pattern 106, Based on mask plate 102 with
bridge structurc 108, a material can be grown on a bare silicon wafer 110 through first mask

pattern 104 to generate a first stracture {not shown in Fig. 1}.
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{84341 As shown in Fig, 2, 3 process of generating a first structure 204 can inchude
growing a first material 202 on mask plate 102 at a first projection angle 81. First matenal
202 can be grown on bare silicon wafer 110 through first mask patierm 104 and second mask
pattern 106 on the same mask, so that first structure 204 can be generated.

{3035] As shown n Fig. 3, a process of generating a second structure 304 can mchude
growing a sccond material 302 on first material 202 at a second projection angle 82, Second
material 302 can be grown on bare silicon wafer 110 throngh first mask pattern 104 and
second mask pattern 106 on the same mask, so that second structure 304 (represented by a
filled pattern) can be generated. The second projection angle 82 can be differcut from the fust
projection angle 81 {as iilustrated mm Fig. 2}, Accordingly, positions of first structure 204 and
second structire 304 on bare silicon wafer 110 can be different, so that an overlapping
structure can form between first structure 204 and second structure 304, Such an overlapping
structure can form a Josephson junction 306 (represented by a structure ¢nclosed in a dash-
bne circle in Fig, 33,

RHIXHY When the conventional process deseribed in association with Figs, 1-3 15 used to
prepare a Josephson junction, the quality of the Josephson junction can largely depend on
precise control of thickness of a photoresist and on precise contrad of an evaporation
direction. Hthe evaporation direction changes, the quality of the Josephson pnction can
subject to change {c.g., an arca of the Josephson junction, a critical current of the Josephson
junction, a non-superconducting normal-state resistance of the Josephson junction, or any
other characteristics of the Josephson junction).

{88374 Figs. 44 15 a schematic diagram ilustrating a conventional process of preparing a
Fosephson junction using a first projection angle 402, As shown in Fig. 4A, for the same
photoresist structure and evaporation material, when evaporating the material using first

projection angle 402, an electrode layer can be formed on the photoresist layer with a width

10
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404. Figs. 4B 15 a schematic diagram dlustrating a conventional process of prepanng a
Josephson junciion using a second projection angle 406, As shown in Fig. 4B, when
gvaporating the material using second projection angle 406, an electrode layer can be formed
on the photoresist layer with a width 408, When first projection angle 402 and second
projection angle 406 are different, width 404 and width 408 can be different. Thercfore,
during preparation of a plurality of Josephson junctions. the quality of the plurality of
Tosephson junctions {e.g., areas of the Josephson punctions) can subject (o the changes of the
projection angle, so that if can be challenging to ensure the preparation quality of the
Josephson junction.

{8381 Similarly, the junction quality of the Josephson junction can change depending on
the thickness of the photoresist for preparing the Josephson jonction. Fig, SA 15 a schematic
diagram illustrating a conventional process of prepanng a Josephson junction using
photoresist with a first thickness. As shown in Fig, SA, for the same projection angle and
evaporation material, when cvaporating the material on a photoresist structure with a

photoresist thickness 302 using a projeciion angle,

an electrode layer can be formed on the
photoresist layer with width 404, Fig. 58 is a schematic diagram dlustrating a conventional
process of preparing a Josephson junction using photoresist with a sccond thickness. As
shown in Fig. 8B, when evaporating the material on a photoresist structure with a photoresist
thickness 304 using the same projection angle, an electrode laver can be formed on the
photoresist layer with width 408, When photoresist thickness 502 is different from
photoresist thickness 304, width 404 and width 408 can also be different. Accordingly, when
a plurality of Josephson junctions are prepared using different photoresist thicknesses, the
junction quality of the plurality of Josephson junctions {e.g., arcas of the Josephson junctions}
can subject to changes of the photoresist thicknesses, so that it can be challenging to ensure

the preparation quality of the Josephson junction,

1
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{84391 As described above, when preparing a Josephson junction, the evaporation angle
and the photoresist thickness have great tupacts on the quality of the Josephson junction.
Specifically, for the wafer-scale manufacturing of a plurality of Josephson junctions, the
evaporation angle and the distribution of the photoresist thickness on the entire wafer can
mmpact the quality of the Josephson junctions and can significantly reduce the preparation
vield of the Josephson junclions n some cases.

{8048 To reduce the influence of the change m the evaporation direction or the
photoreaist thickness on the quality of the Josephson junction, and to improve the umformity
and preparation vicld of the Josephson junction at the wafer scale, methods, apparatuses,
devices, superconducting devices for preparing a Josephson junction are provided in the
present disclosure. Embodiments of this disclosure can provide multiple technical benefits.
The first Josephson junction and the plurality of second Josephson junctions can be prepared
simuitancously. Moreover, when the first electrode layver and the second electrode laver are
generated, the first evaporation direction can be substantially parallel to the edge of the first
pattemn structure and the edge of the at least one of the plurality of second pattern structures.
The second evaporation direction can be substantially parallel to the edge of the first pattern
structure and the edge of the at least one of the plurality of second pattern structares. By
doing so, the influence of the evaporation direction or the thickness of the photorgsist on the
quality of the Josephson junction can be effectively reduced. Accordingly, the quality of the
first Josephson junction and the plurality of second Josephson junctions can be ensured, and
the uniformity and yield of preparing Josephson junctions can be improved.

88411 Some implementations of the present disclosure will be described n detail below
with reference to the accompanying drawings. Provided that there 18 no conflict between the
embodiments, the following emboediments and features 1n the embodiments can be combined

with each other.
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{60424 Fig. 6 13 a flowchart lustrating a method 600 for preparing a Josephson junction,
consistent with some crubodiments of this disclosure. Method 600 can be used for preparing a
wafer-level Josephson junction. Also, any apparatus capable of performing method 600 can
be used for preparing a wafer-fevel Josephson junction. It is understandable that the apparatus
for preparing a Josephson junction can be implemented as software, hardware, ora
combination of software and bardware. In some embodiments, method 600 can be
implemented by at lgast one circuitry of the apparatus,

{8843} At step 602, a first pattern structure for generating a first Josephson junction of a
first type and a plurality of second pattern structures for generating a plurality of second
Josephson junctions of a second type are obtained. A junction area of the first Josephson
junction can be different from a jonction arca of at least one of the plurality of second
Josephson junctions.

{8044} In some embodiments, different Josephson junctions can correspond to different
junction areas. In order to facilitate the preparation of Josephson junctions while ensaring the
anitormity and preparation vield of the Josephson junctions, the Josephson junctions can be
classified nto the first Josephson junction and the plurality of second loscphson junctions,
and the junction area of the first Josephson junction can be different from the junction area of
the at least one of the plarality of second Josephson junctions.

{B0435] By way of example, the junction area of the first fosephson junction can be
smaller than or equal to a preset area, and the junction area of the at least one of the plurality
of second Josephson junctions can be greater than the preset area. In such cases, the first
Fosephson junction can be referred to as a “small junction,” and the plurality of second
Josephson junctions can be referred to as “big junctions.”

RIS In another example, the junction area of the first Josephson junction can be greater

than the preset area, and the junction area of the at least one of the plurality of second
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Fosephson junctions can be less than or equal to the preset area. Tn such cases, the first
Josephson junciion car be referred to as a “big junction,” and the plurality of second
Josephson junctions can be referred to as “small junctions.”

847 For gase of description without causing ambiguities, the following description
takes the first Josephson junction as the “small junction” and the plurality of second
Josephson punctions as the “big junctions” as an example. in such cases, the preset area for
distinguishing the first Josephson junction from the plurality of second Josephson junctions
can be preset. For example, the preset area can be the largest area that can be realized by the
first Josephson junction. It should be noted that the specific numerical range of the preset arca
1s not limited in the example embodiments of this disclosure. and those skilled in the art can
set it according to specific application requirements and design requirements, which will not
be detailed herem.

RHER In some embodiments, to simultancously prepare the first Josephson junction and
the plarality of second Josephson junctions, the first pattern structure and the plurality of
second pattern structures can be prepared 1n advance, so that the first Josephson junction can
be generated based on the first pattem structure, and the plurality of second Josephson
junctions can be generated based on the plurality of second pattern structures. K is
understandable that the first pattern structure and the plurality of second patterm structures
can be the same or different. For example, the first pattern structure can be a symmetrical
structure, and at least one of the plurality of second pattern structures can be an agvmmetrical
structure. In some embodiments, the first pattern structure and the phirality of second pattern
structures described herein can be obtained by etclung through a mask plate.

{88497 In some embodiments, the plurality of sccond Josephson junctions can be
connected 1n senies. The first Josephson junction can be connected in parallel to the plurality

of second Josephson junctions. In such cases, the plurahty of second Josephson junctions and

14
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the first Josephson punction can be used to generate a superconducting device, thereby
mproving the practicability of the prepared Josephson junction.

{581 Stifl referring to Fig. 6, at step 604, a matenal is evaporated on the first pattern
structure and the plurality of second patiern structures based on a first evaporation direction
to generate a first electrode layer for implementing information transmission. The first
evaporation direction can be substantially parallel {¢.g., within an error range of £2%) to an
edge of the first pattern structure and an edge of at least one of the plurality of second pattern
structures.

HHIRY In some embodiments, after siep 502, a matenial can be evaporated simultancoushy
on the first pattern structure and the plurality of second pattern structures based on the first
gvaporation direction. In some embodiments, the material can include at least one of
aluminum, binary nitnide, teroary nitride, compostte oxide, or any other superconducting
materials {e.g., at least one of tantalum, molybdenum, vanadium, or the like). It is
snderstandable that the material is not limited to the examples desenbed herein. Those skilled
in the art can also select the matenal according to specitic application reguirements and
design requirements,

{0823 In some embodiments, the first electrode layer for implementing information
transmission can be generated by the material evaporated on the first pattern structure and the
plurality of sccond pattern structures. For example, the first clectrode layer generated in the
first pattemn structure can be used to generate the first Josephson junction, and the first
clectrode layer generated in the phurabity of second pattern structures can be used to generate
the plurality of second Josephson junctions.

HHERXY In some embodiments, the first evaporation direction can be substantially paraliel
{e.g., within an error range of £2°} to the edge of the first pattermn structure and the edge of the

at least one of the plurality of second pattern structures. By doing so, the influence of the
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evaporation angle and the photoresist thickness on the preparation quality of the Josephson
junction can be reduced in the process of preparing the first Josephson junction and the
plurality of second Josephson junctions. By way of example, an angle formed between the
first evaporation direction and a gravity direction can be greater than or equal to 10° and less
than or equal to 60°. 1t is noted that the first evaporation direction 1s not himited to the
cxample crabodiments described herein and can be set by those skitied i the art according to
specific application requirements and design requirements, as long as the uniformity and
preparation vield of the first Josephson junction and the plurality of second Josephson
junctions can be ensured,

RGN Still referring to Fig. 6, at step 606, an msulating laver is formed on the first
electrode layer. The insulating layer can include a compound corresponding to the material.
HEERRS At step 608, the roatenal 1s evaporated on the fust pattern structure and the
plurality of second patiern structures basced on a sccond evaporation direction to generate a
second electrode laver for implementing information transmission. The second evaporation
direction can be substantially paraliel {¢.g., within an error range of £2°) o the edge of the
first pattern structure and the edge of the at least one of the plurality of second pattern
structurcs.

sl In some embodiments, the matenial can be evaporated simultancously on the first
pattern structure and the plurality of second pattern structures based on the second
evaporation direction to generate the second electrode layer. In some embodiments, the
second electrode layer generated in the first pattern stracture can be used 1o generate the first
Fosephson punction, and the second electrode laver generated in the plurality of second
pattemn structures can be used to generate the plurality of second Josephson junctions.

R In some embodiments, the second evaporation direction ¢can be substantially

parallel to the edge of the first pattern structure and the edge of the at least one of the
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plurality of second patiern structures. By doing so, the influence of the evaporation angle and
the photoresist thickness on the preparation quality of the Josephson junction can be reduced
it the process of preparing the first Josephson junction and the phrality of second Josephson
junctions. It should be noted that the second evaporation direction is not limited to the
example embodiments described heremn and can be select by those skilled in the art according
to specttic application requirements and desigo requiremends, as long as the vniformity and
preparation vield of preparing the first Josephson junction and the plurality of second
Fosephson punctions can be ensured. In some embodiments, the fivst evaporation direction can
be perpendicular to the second evaporation direction. In some embodiments, the second
gvaporation direction can be approximately perpendicular to the first evaporation direction
{e.g., within an error range of 1°, 2°, 3°, 10°, or any preset angle range).

HEERNE Still referming to Fig, 6, at step 610, the first Josephson junction is formed based
on the first clectrode layer gengrated on the first pattern structure, the insulating layer, and the
second electrode layer generated on the first patiern structure. The plurality of second
Fosephson junctions are formed based on the first electrode laver generated on the plurality of
second pattern structures, the insulating layer, and the second electrode laver generaied on the
plurality of second pattern structures.

s8] In some embodiments, the first Josephson junction can be formed as an
overlapping structure that include the first clecirode layer generated on the first patiem
structure, the insulating laver, and the second clectrode laver generated on the first pattern
structure. Smilarly, the plurality of second Josephson junctions can be formed as overlapping
structures, cach of the overlapping structures including the first electrode layer generated on
the plurality of second pattern structures, the msulating layer, and the second electrode layer
generated on the plarality of second pattern structares. By doing so, accurate and effective

preparation operations on Josephson junctions can be effectively implemented.
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{8464 As described above, by performing method 600, the first Josephson junction and
the plurality of second Josephson junctions can be prepared simultancously. Moreover, when
the first electrode layer and the second electrode layer are generated, the first evaporation
direction can be substantially paralicl to the edge of the first pattern stracture and the edge of
the at least one of the plurality of second patiern structures, and the second evaporation
direction can be substantially paraliel to the edge of the first pattem structure and the edge of
the at least one of the plurality of second pattern structures. By doing so, the influence of the
evaporation direction or the thickness of the photoresist on the gquality of the Josephson
junction can be effectively reduced. Accordingly, the quality of the first Josephson junction
and the plorality of sccond Josephson junctions can be ensured, and the uniformity and vield
of preparing Josephson junctions can be mmproved.

HEEQ§ Fig. 7 1s a flowchart illustrating a method 700 of obtaining a first pattern structure
and a plurality of second pattern structures, consistent with some embodiments of this
disclosure. The first pattern structure can be used for generating the first Josephson jonction
of the first type as described m method 600, and the plurality of second pattern structures can
be used for generating the plurality of second Josephson junctions of the second type as
described in method 600,

jed] At step 702, a mask plate is obtamed for prepanng a wafer-level Josephson
junction. The mask plate can include a first mask region for preparing the first Josephson
pmction and a plurality of sccond mask regions for prepanng the plurality of second
Tosephson junctions. At step 704, the first pattern stracture 1s obtained through the first mask
region, and the plurality of second pattern structures are obtained through the plurality of
second mask regions.

{16631 Fig. 8 is a schematic structural diagram of a mask plate 860, consistent with some

embodiments of this disclosure. Mask plate 800 can be used for preparing a water-level
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Fosephaon junciion and can be preset. As shown m Fig. 8§, mask plate 800 can include a first
mask region 802 for preparing the first Josephson junction and second mask regions 804 for
preparing the plurality of second Josephson junctions. it is understandable that the specific
numbers of first mask region 802 and second mask regions 804 can be adjusted and set based
on specific application scenarios and design requirements. In some embodiments, to prepare
the plurality of second Josephson junctions described herein as being connected in serics,
second mask regions 804 can be connected in serics. In some embodiments, to prepare the
plurality of second Josephson junctions as being connected n parallel to the first Josephson
junction, second mask regions 804 can be cornected in parallel to first mask region 802,
R By way of example, the first pattem structure can be obtained through first mask
region 802, and the phuality of second paticrn structures can be obtained through second
mask regions 804, In some embodiments, to obtain the first pattern structure and the plurality
of second pattern structhures, a substrate structure can be obtained. A photoresist laver can be
formed on the substrate structure. Then, etching can be performed on the photoresist layer
through mask plate 800 to obtain the first patiern structure and the plurality of second patiern
structures.

{365] In some cmbodiments, to achicve a stable operation for preparing the Josephson
junction, a preset substrate structure for generating the Josephson junction can be obtained.
For example, the substrate structure can be a preset bare silicon wafer. Afier the substrate
struckure is obtained, a photoresist layer can be formed on the substrate structure. To cnsure
the guality of the pattern structure generated by the etching operation, it some embodimenis,
the photoresist laver generated on the substrate structure can be a double-laver structure. For
exaraple, the photoresist layer can include an upper photoresist laver and a lower photoresist
layer, in which thickness of the upper photoresist laver can be greater than thickness of the

lower photoresist laver. After the photoresist layer is generated, etching can be performed on
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the photoresist laver through a mask plate {e.g., mask plate 800) to obtain the first pattern
structure and the plurality of second pattern structures. By doing so, the accuracy and
reliability of obtaining the first pattern structure and the plurality of second pattem structures
can be ensured.

HHESY Fig. 9 1s a flowchart of a method Y00 for preparing a Josephson junction,
consistent with some embodiments of this disclosure. In some embodiments, method 900 can
be performed in addition to method 600 for preparing the Josephson junction. At step 902, an
clecirical parameter for defiming the first Josephson junction is obtained. At step 904, a
junction area of the first Josephson junction is determined based on the electrical parameter.
By performing method 900, josephson junctions of the first type having different junction
arca sizes can be prepared corresponding to different electrical parameters 5o as to meet
design requirernents and apphication requirernents of different users, thereby further
improving the fiexibility and reliability of preparing the first Josephson junction.

{88671 In some embodiments, the junction arca of the first Josephson junction can be
related to the electrical parameter. Obtaining the electrical parameter can ensure that the
prepared first Josephson junction can meet the design requircments and usage requirements.
In some embodiments, the electrical parameter can include at least one of electromagnetic
ficld encrgy density, capacitance, or tnductance. In some embodiments, the clectrical
parameter can be input by a user in advance or determined according to specitic application
scenarios and design requirements. By way of example, the user can directly input {o.g.,
through a user interface) the clectncal parameter to an apparatus for implementing method
500. After the electrical parameter 1s obtained, the junction area of the first Josephson
junction can be determined based on the electrical parameter.

{10681 In some embodiments, to determine the junction area of the first Josephson

Junction based on the electrical parameter, mapping relationships between different electrical
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parameters and differcnt junction areas can be predetermined. After obtaiming the elecirical
pararacter, the mapping relationships can be used to determine the junction arca of the first
Josephson junction.

RS Fig. 10 15 a flowchart of a method 1000 for preparing a Josephson junction,
consistent with some embodiments of this disclosure. In some embodiments, method 1000
can be performed in addition to method 600 for prepanng the Josephson junction. At step
1002, an evaporation angle is obiained for preparing the pluradity of second Josephson
junctions. The evaporation angle can correspond to at least one of the first evaporation
direction or the second evaporation direction. At step 1004, a designed junction arca
associated with the plurality of second Josephson junctions is detenmined based on the
evaporation angle.

78] In some enmbodiments, the plurality of second Josephson junctions can correspond
1o the designed junction area and a junction area {¢.g., an actual junction area). By way of
example, the designed junction arca ¢an be a theoretical junction area io be muplemented by
the plurality of second Josephson junctions, and the designed junction area and the junction
arca can be the same or different.

{0718 in some embodiments, the designed junction arca associated with the plurality of
second Josephson junctions can be related {o the evaporation angle for preparing the plarality
of second Josephson junctions. In some crmbodiments, the cvaporation angle can include a
first evaporation angle corresponding to the first evaporation dirgction or a second
evaporation angle corresponding to the second evaporation direction.

{8672 In some embodiments. after being obtained, the evaporation angle can be analvzed
and processed to detenmine the designed junction arca assoctated with the pluraliy of second
Josephson junciions. For example, to determine the designed junction area associated with

the plurality of second Josephson junctions, thickness mformation of a photoresist laver for
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preparing the plurality of second Josephson junctions can be obtained. Then, the designe
junction area can be determined based on the thickness information and the cvaporation
angle. The designed junction arca can be greater than or equal to a junction area of at least
one of the plurality of second Josephson junctions.

{80731 In some embodiments, to determine the designed juncion area based on the
thickness information and the evaporation angle, a cosine value corresponding to the
evaporation angle can be obtained (e g., after the evaporation angle is obtained}. The product
value of the cosine value and the thickness information can be determuned. For example, the
product value can be used as an area line corresponding 1o the designed junction arca. Then,
the designed junction area can be determined based on the product value. For example, the
designed junction arca can be determined as a square value of the prodact vahue.

{307 4] Fig. 11 15 a schematic diagram illustrating a process 1100 of preparing a
Josephson punction, consistent with some embodiments of this disclosure. Process 1100 can
achieve simultaneous preparation of a phuality of Josephson junctions at the wafer level, and
the plurality of Josephson junctions can mclude the first Josephson junction and the plarality
of sccond Josephson junctions as described herein. For example, the first Josephson junction
can refer to as a small pinction with a junction area being smaller than or equal 1o a preset
arca, and the plurality of second Josephson junctions can refer to as big junctions with
Junction arcas being greater than the preset area.

{8075 As shown in Fig. 11, at step 1102, a substrate maierial 1116 1s obiained, and a
double-layer photoresist layver 1118 1s formed on substrate matertal 1116, In some
embodiments, double-layer photoresist layer 1118 can nclude a top photoresist laver and a
hottom photoresist layer (not shown in Fig. 11), in which thickness of the top photoresist

ayer can be greater than thickness of the bottom photoresist fayer. By doing so, the quality
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and etficiency of generating the first pattern structure and the plurality of second pattern
structures can be ensured.

{38761 As shown 1n Fig. 11, at step 1104, an ctching operation 1120 is performed on
double-layer photoresist laver 1118 through a magsk plate 1122 to obtain a first pattern
structure 1124 for generating a first Josephson junction 1126 {represented by an overlapping
area enclosed by a dash-line oval in Fig, §1) of a first type and a plurality of second pattern
structures 1128 for gencrating a phurality of second Josephson junctions 1130 (represented by
an overlapping arca enclosed by a dash-line oval in Fig. 11} ot a second type. As shown m
Fig. 11, fust pattern structure 1124 can include a paticm arca formed by four syovuetncally
arranged photoresist structure blocks, 1n which the sizes and shapes of the photoresist
structure blocks are the same. There can be a predetermined distance between two adjacent
photoresist structure blocks to form first pattem structure 1124, and the whole of first patiem
struckure 1124 can form a cross-shape structure.

{88771 Ag shown in Fig, 11, second pattern structures 1128 can include a paitern area
formed by two photoresist structure blocks, in which the sizes and shapes of'the two
photoresist structure blocks are different. Specifically, one of the photoresist structure blocks
has an L-shaped structure, the other photoresist stracture block has an inverted-L-shaped
structure, and there is a predetermined distance between the two photoresist structure blocks.
{B078] In some embodiments, in order to he able to prepare first Josephson junction 1126
and second Josephson junctions 1130 at the same time, arrangement directions of first pattern
structure 1124 and second pattern structures 1128 on substrate material 1116 can be the same.
For example, as shown m Fig. 11, a first evaporation direction 1132 of a first electrode layer
1134 for generating first Josephson junction 1126 can be the same as a first evaporation
direction 1136 of a first clectrode laver 1138 for generating sccond Josephson junctions 1130

A second evaporation direction 11406 of a second eloctrode laver 1142 for generating first
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Fosephaon junction 1126 can be the same as a sccond evaporation direction 1144 of a second
clectrode layer 1146 for gencrating second Josephson junctions 1130

{879 At step 1106 {not illustrated 1 Fig, 11), a material 1s loaded mto an evaporation
tool. The evaporation tool can be used to simultancousty evaporate the material on first
pattern structure 1124 in first evaporation divection 1132 to generate first clectrode layer
1134 and evaporate the material on second pattern structures 1128 in first evaporation
direction 1136 (the same as first evaporation direction 1132) to gencrate first clectrode layer
1133, First evaporation direction 1132 (the same as fivst evaporation direction 1136) can be
substantially parallcl {c.g., within an ervor range of £27} to an edge of first patiom structure
1124 and an cdge of at least one of second paitern stractures 1128,

088 At step 1108 (not illustrated 1 Fig, 11), an mnsulating layer s formed on fivst
clecirode laver 1134 and first electrode laver 1138,

RHERS Atstep 1110 (not illustrated in Fig. 11}, the evaporation tool i1s used to evaporate
the material on first pattern structure 1124 based on second evaporation direction 1140 o
generate second electrode layer 1142 and to evaporate the matenial on second paticrn
structures 1128 based on second evaporation direction 1144 {the same as second evaporation
direction 1140} to gencrate second electrode layer 1146, Second evaporation direction 1144
(the same as second evaporation direction 1140) can be substantially parallel {e.g., within an
error range of £2°) 1o another edge of first pattern structure 1124 and another edge of at least
one of second pattern structures 1128,

{8632} In some embodiments, first gvaporation direction 1132 {(the same as first
evaporation direction 1136) can be perpendicular fo second evaporation direction 1140 (the
same as second evaporation direction 1146) to ensure that the size mformation of the
generated Josephson junction meets a preset requirement, and to prevent a ling width size of

the generated Josephson junction from becoming thinner.
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{8083 At step 1112 (not iHlustrated in Fig. 11}, double-laver photoresist laver 1118 18
removed to obtain Josephson junctions, including first Josephson junction 1126 and second
Josephson junctions 1130, First Josephson junction 1126 can include first electrode layer
1134, the sulating laver, and second electrode layer 1142, Second Josephson junction 1130
can include first electrode layer 1138, the msulating layer, and second electrode laver 1146,
{o0R4] It should be noted that, due to the correspondence between the junction area of
first Josephson junction 1126 and electrical features (e.g., electromagnetic field energy
density, capacitance, or inductance}, when first Josephson junction 1126 18 prepared by
process 1100, the influence of the change in the photoresist thickness and the change inthe
gvaporation angle on first Josephson jonction 1126 can be effectively reduced. In such cases,
the junction area of 3 Josephson junction can only be related to the line width corresponding
to first pattem structure 1124, thus effectively ensuring high-quality preparation operation of
the Josephson junctions.

{88385] After the Josephson junction s generated, mask plate 1122 can be removed. In
some embodiments, mask plate 1122 can be removed usmg an organic solvent or a high-
frequency vapor phase etching method. Those skilled in the art can use other methods to
remove magk plate 1122 as long as it ensures that mask plate 1122 can be removed stably
and effectively, which will not be detailed herein.

{BORE] Atstep 1114 (not dlustrated in Fig. 11), after first Josephson junction 1126 and
second Josephson junctions 1130 arc obtained, first Josephson junction 1126 and second
Tosephson junctions 1130 can be used o prepare a superconducting device. By way of
example, second Josephson junctions 1130 can be connected n series, and second Josephson
junctions 1130 can be connected in parallel to first Josephson junction 1126, sothat a
superconducting device with an adjustable magnetic flux can be generated. The

superconducting device can have a long correlation time.
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{88871 The technical solution described in association with Fig. 11 can ensure that first
Josephson junction 1126 and second Josephson junctions 1130 are preparcd simultancousky.
Morcover, during generation of a first electrode layer {¢.g., furst electrode layer 1134 or first
glectrode laver 1138) and a second electrode layer (e.g., second clectrode laver 1142 or
second clectrode laver 1146), a first evaporation direction {e.g., first evaporation divection
1132 or first evaporation dircction 1136) can be substantially paraliel (e.g., within an eror
range of +2°) to an edge of first pattem structure 1124 and an edge of at feast one of second
pattern structures 1128, Also, dunng generation of the first electrode layer and the second
clectrode layer, a second evaporation direction (¢.g., second evaporation divection 1140 or
second evaporation direction 1144) can be substantially parallel {¢ g., within an error range of
+27% to another edge of first pattern structure 1124 and another edge of at least one of second
pattern structures 1128, By domg so, the miluence of the evaporation direction or the
influence of the thickness of the photoresist on the guality of the Josephson junction {o.g., an
area of the Josephson junction, a crtical current of the Josephson junction, or a non-
superconducting normal-state resistance of the Josephson junction) can be reduced.
Accordingly, the quality of first Josephson junction 1126 and second Josephson junctions
1130 can be ensured, and the uniformity and vield of preparing losephson jumctions ¢an be
nnproved.

{BORR] Fig. 12 15 a schematic structural diagram ithustrating an apparatus 1200 for
preparing a Josephson junction, consistent with some embodiments of this disclosure.
Apparatus 1200 can be used for prepanng a wafer-level Josephson junction. In some
embodiments, apparatus 1200 can perform any of methods 600, 700, 900, or 1000 described
m association with Figs, 6-7 and Figs, 9-10. As shown in Fig, 12, apparatus 1200 can include
an acquisition modale 1202, an evaporation modale 1204, a generation modilde 1206, and a

preparation modale 1208, It should be noted that acquisition module 1202, evaporation
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module 1204, generation module 1206, and preparation module 1208 can be implemented as
software modules, hardware modules {¢.g., including circuitry), or a combination of software
modules and bardware moduies.

HEEG Acquisition module 1202 can be configured to obtain a first pattern structure for
generating a first Josephson junction of a first type and a plurality of second pattemn structures
for generating a plurality of second Josephson junctions of a second type. A junction arca of
the first Josephson punction can be different from a junction area of at least one of the
plurality of second Josephson junctions.

RS Evaporation module 1204 can be configured to cause apparatus 1200 1o gvaporate
a material on the first pattern structure and the plarality of second pattern structures based on
a first evaporation direction to generate a fivst electrode layer for mnplementing mformation
transmission. The first evaporation direction can be substantially paraliel (e g., within an error
range of £2°) to an edge of the first pattern structare and an edge of at least one of the
plurality of second patiern structures.

{8691 Generation module 1206 can be configured to cause apparatus 1200 to form an
msulating laver on the first electrode layer. The msulating layer can include a compound
corresponding to the material.

{30921 Evaporation module 1204 can be further configured to cause apparatus 1200 to
cvaporate the material oo the first patterm structure and the phlurality of second pattem
structures based on a second evaporation direction to generate a second electrode layer for
implementing information transmission. The second cvaporation direction can be
substantially parallel {¢.g., within an error range of £27) to the edge of the first patiem
structure and the edge of the at least one of the plurality of second pattern structures.

6931 Preparation module 1208 can be configured to cause apparatus 1200 to form the

first Josephson junction based on the first clectrode laver generated on the first pattern
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structure, the insulating laver, and the second electrode laver generated on the first patiern
structure, and to form the plurality of second Josephson junctions based on the first clectrode
layer generated on the plurality of second pattern stractures, the insulating layer, and the
second electrode Iaver generated on the phurality of second pattern structures.

{3094} In some embodiments, the junction area of the first Josephson junction can be
smaller than or equal to a preset area, and the junction area of the at least one of the plurality
of second Josephson janctions can be greater than the preset area.

{86957 In some embodiments, to obtain the first pattern structure and the plarality of
second pattem structures, acquisttion module 1202 can be configured to causc apparatus 1200
to obtain a magk plate for preparing a wafer-level Josephson junction. The mask plate can
mclade a first mask region for preparing the first Josephson junction and a phurality of second
mask regions for preparing the plurality of second Josephson junctions. Acguisition module
1202 can be further configured to cause apparatus 1200 to obtain the first pattern structure
through the first mask region, and to obtain the plurality of second patiern structares through
the plurality of second mask regions.

HEESY In some crbodiments, to obtain the first patiern structure and the plurality of
second pattern structures, acquisition moduie 1202 can be further configured to cause
apparatus 1260 to obiain a substrate structure, to form a photoresist layer on the substrate
structure, and to perform ctching on the photoresist layer through the mask plate to obtain the
first pattemn structure and the plarality of second pattem structures.

{86971 In some embodiments, acquisition module 1202 can be configured to cause
apparatus 1200 to obtain an ¢lectrical parameter tor defining the first Josephson junction.
Evaporation module 1204 can be configured to determine a junction area of the furst

Josephson junction based on the electrical parameter. By way of example, the electrical
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parameter can include at least one of electromagnetic field energy density, capacitance, or
mductance.

L in some embodiments, acquisition module 1202 can be configured to cause
apparatus 1200 to obtain an evaporation angle for preparing the phirabity of second Josephson
junctions. The evaporation angle can correspond to at least one of the firsi evaporation
direction or the second evaporation direction. Evaporation module 1204 can be configured to
determine a designed punction area associated with the plurality of second Josephson
junctions based on the evaporation angle.

RIS In some embodiments, to determune the designed junction arca, evaporation
module 1204 can be further configured to cause apparatus 1200 to obtain thickness

mwformation of the photoresist layer for preparing the pluerality of second Josephson junctions,

evaporation angle. The designed junction area can be greater than or equal to a junction area
of at least one of the plurality of second Josephson junctions.

joi In some embodiments, to determine the designed junction area, evaporation
module 1204 can be further configured to obtain a cosine value corresponding to the
gvaporation angle, to determine the product vahie of the cosine value and the thickness
mformation, and to determine the designed junction arca based on the prodact value.

{3181} In some embodiments, an angle formaed between the first evaporation direction
and a gravity direction is greater than or equal to 107, and less than or ¢qual to 60°. In some
embodiments, the first evaporation direction is perpendicular to the second evaporation
direction. In some embodiments, the plurality of second Josephson junctions are connected m
series, and the first Josephson junction is connected n parallel 1o the phlurality of second
Josephson junciions. In some embodiments, the material comprises at least one of aluminum,

binary nitnde, ternary nitride, or compostie oxide.
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{81824 Consistent with some embodiments of this disclosure, the structure of apparatus
1200 in Fig. 12 can be implemented as an electronie device. The electronie device can
incliude various devices such as a mobile phone, a tablet computer, or a server. Fig. 13A1sa
schematic structural diagram illustrating an clectronic device 1300A for preparing a
Josephson junction, consistent with some embodiments of this disclosure. As shown m Fig.
13A, electromic device 1300A can include a processor 1302 and a memory 1304, Memory
1304 can be used to store a program (¢ .g., including one or more computer nstructions} for
clectromic device 1300A 1o perform a method for preparing a Josephson junction, such as
methods 606, 700, 900, or 1000 described in association with Figs. 6-7 and Figs. 9-10.
Processor 1392 can be configured to execute the program stored in memory 1304, Electronic
device 1300A can alse include communication mterface 1306 for electronic device 1300A to
comuunicate with another device or a communication nefwork.

{8183 Consistend with some embodiments of this disclosure, Fig. 138 is a block diagram
of an example system 13008 for operating a quantum circuit, consistent with some
embodiments of this disclosure. In some embodiments, system 13008 can include a computer
{c.g., a classical computer) configured to executic operations for operating a gquantum circuit
as described i association with Figs. 6-12. As depicted in Fig. 138, system 1300B inclades a
processor 1308 that can be in operable connection with a memory 1310, an mput/output {F(03)
module 1312, and a network inderface controller (NIC) 1316,

{3184] When processor 1308 executes instructions described herein, systom 13008 can
become a specialized machine for preparing a Josephson punction. Processor 1308 can be any
type of circuitry capable of manipulating or processing information. For example, processor
1308 can include any combination of any number of a contral processing unit {or “CPU™), a
graphics processing unit {or “GPU™), a neural processing unit ("NPU”), a microcontroller

unit ("MCU”}, an optical processor, a programmable logic controller, a microcontroller, a
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microprocessor, a digital signal processor, an intellectual property (IP) core, a Programmable
Logic Array {(PLA)}, a Programmabie Armay Logic (PAL), a Genenic Amray Logic (GAL), a
Complex Programmable Logic Bevice (CPLDY), a Ficld-Programmable Gate Amay (FPGA) &
System On Chip (50C), an Application-Specific Integrated Circuit {ASIC), or the like. In
some embodiments, processor 1308 can also be a set of processors (not shown in Fig. 13B)
grouped as a single logical component,

[B1G5] Memory 1310 can inchude a single memory or a phurality of memories that can be
contigured {o store data 1312 {e.g., a set of instructions, computer codes, intermediaie data, or
data for output). Memory 1310 can clude a hugh-speed random-access storage device ora
non-volatile storage deviee. In some cmbodiments, memory 1310 can include any
combination of any number of a random-access memory {(RAM), a read-only memory
{ROM), an optical disc, a magnetic disk, a hard dave, a solid-state drive, a flash drive, a
security digital (8D} card, a memory stick, a compact flash {CF) card, or the like. Memory
1316 can also be a group of memories (not shown in Fig. 138) grouped as a single logical
component. Processor 1308 can access the program nstructions and data 1312, and execute
the program wstructions to perform an operation or manipulation on data 1312, As depicted
in Fig. 13B. memory 1310 can store an operating system 1313 and a Josephson junction
preparer 1320, For exarnple, Josephson junction preparer 1320 can include instructions to
miplement the method described in association with Figs, 6-12 to prepare a Josephson
jumction,

[8184] For case of explanation without causing ambigwity, processor 1308 and other data
processing circuits are collectively referved 1o as a “data processing cireuit” in this disclosure.
The data processing civcuit can be tmplemented entively as hardware, or as a combination of

software, hardware, or firmware. In addition, the data processing circuit can be a single
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imdependent module or can be combined entirely or partially mio any other component of
system [300B.

{3107} Input/output module (/0) 1314 can store and retrieve data from a database 1322,
For exampie, database 1322 can include data structures describing quantum circuits and data
structures describing quantumn gates. NIC 1316 can provide wired or wireless communication
between system 13008 and a network (e .g., Internet 1324, an intranet, a local area network, a
mobile communications network, or the like). System 1300B can receive data and
instructions over a network using NIC 1316 and can transmit data and mstructions over a
network using NIC 1316, To some erabodiments, NIC 1316 can include any combination of a
radio frequency (RF) module, a transponder, a transceiver, a modem, a roufer, a gateway, a
wired network adapter, a wireless network adapter, a Bluctooth adapter, an infrared adapter, a
near-field communication ("NFC™) adapter, or a cellular network chip.

{G1OR] As depicted in Fig. 13B, system 13008 can also commumicatively coupie with
{c.g., via /0 1314 or NIC 1316} a quantum computing device 1326, In some embodiments,
sysiem [300B can be a classical computer (¢.g., a desktop computer, a laptop computer, or a
tablet computer) that 1s independerd from quantuie computing device 1326, In some
embodiments, system 1300B can mnclode classical computing devices {¢.g., processor 1308,
memory 1310, VO 1314, NIC 1316, or database 1322} and quantum computing devices (8.g.,
meluding quantom computing device 1326). Quantum computing device 1326 can nclude
any mumber of any type of quantum circuits (that include quantum gates) for operating on
qubits as well as peripheral devices {e.g., eryostats, laser gencrators, electric oscillators} for
maintaining and supporting the guantum circuwits. In some embodiments, guantum computing
device 1326 can melude hardware components functioning as a quantum data plane for
preparing and storing qubits, a control and measurement plane for executing operations on

the qubits and measunng the resulting qubits, and a control processor plane for determining
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the sequence of operations and measurements based on an algorithm or measurement
outcomes. When system 13008 is a classical computer, U can assist quanium coroputing
device 1326 for network access {e.g., via NIC 1316), large storages {¢.g., using database
1316}, and user inferactions {e.g., via /0O 1314}

{189} Consistent with some embodiments of this disclosure, Fig. 13C 15 a schematic
diagram illustrating an example quantum controller 1328 for operating {¢ g., controlling
qubits for computation, confroliing qubits for compiling, or any manipulation of gubit}
guantum circuits {e.g., guantum circuit 1330, as shown). Quantum circut 1330 can include
one or more qubits. i the non-hmiting example depicted n Fig. 13C, quantum circmt 1330
can include qubiis 1332 and 1334, For example, qubits 1332 and 1334 can be fluxonium
gubits. To continue this example, each of qubits 1332 and 1334 can be implemented using 2
Josephson junction {¢.g., Josephson junction 1336 or 1338) shunted by a capacitor {e.g.,
capacitor 1340 or 1342} and an inductor {¢.g., mductor 1344 or 1346). Each of nductors
1344 and 1346 can be realized by an array of Josephson janctions (not shown in Fig. 130).
Each of qubits 1334 and 1334 can be constructed o operate at a local minimum i frequency
with regards to a biasing maguetic flux. In this non-limiting exarople, qubits 1332 and 1334
can be coupled using a capacitor 1348, implementing transverse resonang coupling {e.g.,
charge-coupled, or the like} between qubits 1334 and 1334, Sach coupling can require
alignmoent of the qubit frequencies. When quantum circuit 1330 1s not m operation, qubiis
1332 and 1334 can be maintained as different froquencies.

[8iigy In some embodiments, guantum circuit 1330 can be realized using a chip
containing qubits 1332 and 1334 as well as their coupling in between. In some embodiments,
guantum circuit 1330 can be implemented as a chip 1n quantum computing device 1326

Fig. 13B.
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L In some embodiments, the chip can inchide one of more couplings 1o a quantum
controller 1328, Quanturn controller 1328 can be a digital computing device {e.g., a
computing device including a central processing unit, graphical processing unit, application
specific integrated circuit, ficld-programmable gate array, or other suitable processor).
Cuantum controller 1328 can configure quanturmn circuit 1330 for computation (¢.g., by
manipulating qubits 1332 and 1334}, provide computational gates, or read state information
out of quantum circait 1330,

{811y Consistent with some embodiments of this disclosure, guantum controlier 1328
can configure guantum circuit 1330 by enabling a gate operation to be performed on one or
more gubits of circut quantum 1330 (o.g., including qubits 1332 and 1334). In some
embodiments, quantam circuit 1330 can be configured by providing one or more bias drives
to move two qubits into resonance. Quantum controller 1328 can provide the one or more
bias drives directly to circuit 1330, or can provide instructions to a bias drive source {e.g.,
waveform generator or the like}, causing the bias drive source to provide the bias drives {o
circuit 1330, In some embodiments, providing the bias drive can include passing a current
through a cotl external to circutt 1330, In various embodiments, providing the bias drive can
include passing a current through a coil on the chip. The disclosed embodiments are not
fnited to a particular method of providing the bias dnve or a particular method of biasing the
qubits.

{8113] Consistent with some embodiments of this disclosure, quantum controlier 1328
can implement computational gates on circuif 1338, Quantum controller 1328 can implement
such gates by providing one or more computational drives to corresponding qubiis in circuit
1336, or by providing instructions to a compuiation dnve source {¢.g., a waveform generator
or the like}, causing the computational drive source to provide the one or more computational

drives to circuit 1330, Such computational drives can include nmucrowave drives. The
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computational drives can imclude sinusoidal waves, square waves, pulse frains, or other
guanium gate drives having parameters selected by the guantum controller 1328 to mmplement
guantum gates on the qubits. The one or more computational drves can be provided to the
corresponding gubits using ong or more coils coupled to the corresponding gubits. The coils
can be external to circuit 1330 or on a chip containing cirenit 1330,

{0114] Consistent with some embodiments of this disclosure, quantum controlier 1328
can be configured to determine state information for quantum circuit 1330, In some
embodiments, guantum controller 1328 can measure a state of one or more qubits of circuit
1336, The state can be measured upon completion of a sequence of one or more quanium
operations. fn some embodiments, gquantum controlier 1328 can provide a probe signal {e. g,
a microwave probe tone) to a coupled resonator of circuit 1330, or provide instructions to a
readout device {¢.2., an arbitrary wavetorm generator) that provides the probe signal. In
various envbodiments, quantum controlier 1328 can include, or be configured to receive
iformation from, a detector configured to determine an amplitude and phase of an cutput
signal received from the coupled resonator in response to provision of the microwave probe
tone. The amplitnde and phase of the output signal car be used to determine the state of the
probed qubit(s). The disclosed embodiments are not limited to any particular method of
measuring the state of the qubits.

{8115} The disclosed embodiments are not limited to embodiments tn which guantum
controller 1328 controls only a single quantum circuit. In some embodiments, quantum
controller 1328 can control multiple quantuwm circuits (which can be identical in
implementation or can ditfer in mplementation). For example, quantum controller 1328 can
countrol a first, transmon-qubit-based quantum circuit and a second, fluxomum-qubit-based
guantum circuit. In some embodiments, guantum controller 1328 can be capable of

mdependently controlling the multiple quantum circuits. In some instances, for example, each
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of the multiple quantum circuits can be performing different, conferporaneous computations.
In various imnstances, the multiple quantum circutt can be involved 1 the same computation
{e.g.. parallel computations, or the like}.
18] Consistent with some embodiments of this disclosure, quantim controlier 1328
can configure quantum circuit 1330, and can provide computational gates to circuit 1330,
based at least in part on the obtained staie information. In some embodiments, quantium
controller 1328 can be included as part of computing device 1326 in Fig. 13B.
{817} Fig. 14 15 a schematic diagram illustrating a superconducting device 1400,
consistent with some crubodiments of this disclosure. o some embodiments, the magnetic
flux of superconducting device 1400 can be controllable. As shown in Fig. 14,
superconducting device 1400 can include a first Josephson junction 1402 of a first type
connected w parallel to a plurality ot second Josephson junctions 1404 a second type. Sccond
Josephson junctions 1404 are connected in series. By way of example, first Josephson
punction 1402 and second Josephson junctions 1404 can be generated by performing at least
one of methods 600, 700, 900, or 1000 described in association with Figs, -7 and Figs. 9-10.
{31181 Consistent with some crabodiments of this disclosure, a non-transitory computer-
readable storage medium for storing computer software instructions used by an apparatus is
provided herein. The non-transitory computer-readable storage medium can include programs
for performing a method for preparing a Josephson junction or process disclosed herein {c.g.,
methods 666, 700, 960, or 1000 described in association with Figs, 6-7 and Figs, 9-18).
{8119 The embodiments can further be described using the following clauses:

1. A method for preparing a Josephson junction, the method comprismg:

obtaining a first pattern structure for generating a first Josephson junction of a first

type and a plurality of second pattern structures for generating a plurality of second
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Fosephaon junciions of a second tvpe, whercin a junction area of the first Joscphson junction
is different from a junction arca of at least one of the plurality of second Josephson junctions;

evaporating a material on the first pattern structure and the plurality of sccond
pattern structures based on a first evaporation direction to generate a first clectrode layer for
implementing mformation transnussion, wherein the first evaporation direction is
substantially parallel to an edge of the first pattern structure and an edge of at least one of the
plurality of second patiern structures;

formimmg an insulating laver on the first electrode laver, the msulating layer
comprising a compound corresponding to the material;

evaporating the material on the first pattern structure and the plurality of second
pattern structures based on a second evaporation direction to generate a second electrode
layer for vnplementing mformation transmission, wherein the second evaporation ditection is
substantially parallel to the edge of the first pattern structure and the edge of the at least one
of the plurality of sccond pattern stractares; and

forming the first Josephson junction based on the first electrode fayer generated on
the first patiemn structure, the msulating layer, and the second electrode laver generated on the
first pattern structure, and forming the plurabity of second Josephson junctions based on the
first electrode layer generated on the plurality of second patiern structures, the msulating
laver, and the sccond electrode layer generated on the plurality of second pattern structures.

2. The method of clause 1, wherein the junction arga of the first Josephson
junction is smaller than or equal 1o a preset area, and the junction area of the at least one of
the plurality of second Josephson junctions is greater than the preset arca.

3. The method of any of clauses 1-2, whergin obtaining the first pattern structure

for generating the first Josephson pnction of the first type and the plurality of second pattern
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structures for generating the plurality of second Josephson junctions of the second type
COMPTISCS:

obtaining a mask plate for preparing a wafer-level losephson junction, the mask
plate comprising a first mask region for preparing the first Josephson junction and a plarality
of second mask regions for preparing the plurality of second Josephson junchions; and

obtaining the first patter structure through the first mask region, and obtaining
the pluarality of second pattern structures through the plurality of second mask regions.

4. The method of clause 3, wherein obtaming the first pattern structure through
the first mask region, and obtamning the plurality of sccond pattern structures through the
plurality of second mask regions comprises:

obtaiming a substrate structure;

forming a photoresist layer on the substrate structure; and

performing etching on the photoresist laver through the mask plate to obtain the
first pattemn structure and the plarality of second pattern structures.

5. The method of clavse 4, wherein the photoresist layer comprises an upper
photoresist layer and a lower photoresist layer,

6. The method of clause 5, wherein thickness of the upper photoresist layer is
greater than thickness of the lower photoresist laver,

7. The method of any of clauses 1-6, further comprising:

obtaining an clectrical parameter for defining the first Joscphson junction: and

determining a junction area of the first Josephson junction based on the electrigal
parameter.

% The method of clause 7, wherein the electrical parameter comprises at least
one of electromagnetic ficld energy density, capacitance, or inductance.

9. The method of any of clauses 1-8, further comprising:
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obtaining an evaporation angle for preparing the plurality of second Josephson
junctions, wherein the evaporation angle corresponds to at least onc of the first cvaporation
direction or the second evaporation direction; and

determimng a designed punction area associated with the plurality of second
Josephson junciions based on the evaporation angle.

10. The method of clavse 9, wherein determining the designed junction area
associated with the plurality of second Josephson punctions based on the evaporation angle
COMPTISes:

obtaining thickness information of a photoresist layer for prepanng the plurahity of
second Josephson junctions; and

determining the designed junction arca based on the thickness information and the
evaporation angle, wherein the designed junction area 15 greater than or equal to a junction
area of at least one of the plurality of second Josephson junctions.

11. The method of clagse 10, wherein determining the designed junction area
based on the thickness information and the evaporation angle comprises:

obtaining a cosine value corresponding to the evaporation angle;

determining a product value of the cosime value and the thickness information; and

determiming the designed junciion arca based on the product value.

12. The method of any of clauses 9-11, wherein the evaporation angle comprises a
first evaporation angle corresponding to the first evaporation direction or a second
evaporation angle corresponding to the second evaporation direction.

13. The method of any of clauses 1-12, wherein an angle formed between the first
gvaporation direction and a gravity direction is greater than or equal to 19°, and logs than or

equal to 60°.
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14. The method of any of clauses 1-13, whercin the first evaporation direction 1s
perpendicular to the second evaporation direction.

15, The method of any of clauses 1-14, wherein the plurality of second Josephson
janctions are connected in series, and the first Josephson junction is connected in paraliel to
the plurality of second Josephson junctions.

16. The method of any of clavses 1-15, whercin the material comprises at least
one of aluminum, binary nitride, temary nitride, or composite oxide.

17. An apparatus for preparing a Josephson junction, the apparatus comprising at
least one circuitry configured for:

obtaining a first patiern stracture for generating a first Josephson junction of a first
type and a plurality of second patiern structures for generating a plurality of second
Josephson junctions of a second type, wherein a junction arca of the first Josephson junction
is different from a junction area of at least one of the plurality of second Josephson junctions;

causing the apparatus to evaporate a material on the first pattern structure and the
plurality of second pattern structures based on a first evaporation direction to generate a first
clectrode layer for ynplementing mformation transmission, wherein the first evaporation
direction 18 substantially paralie] to an edge of the first pattern structure and an edge of at

cast one of the plurality of second patiern structures;

causing the apparatus to form an insulating laver on the fust electrode layer, the
msufating layer comprising a compound corresponding to the material;

causing the apparatus to evaporaie the material on the first pattern stnscture and
the plurality of second pattern structures based on a second evaporation direction to generate
a sceond electrode laver for implementing information transmission, wherein the second
evaporation direction 1s substantially parallel to the edge of the first pattern structure and the

edge of the at least one of the plurality of second patiern structures; and
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causing the apparatus to form the first Josephson junction based on the fivst
clectrode laver generated on the first paticm structure, the msulating layer, and the second
clectrode laver generated on the first pattern structure, and to form the phirality of second
Josephson junctions based on the first electrode layer gencrated on the phurality of second
pattern structures, the insulating laver, and the second clectrode laver generated on the
plurality of sccond pattern structures.

18, A device for preparing a Josephson junction, the device comprising:

at least one processor; and

a memaory configured to store one or more computer instructions executable by the
at least one processor 0 cause the device to perform:

obtaining a first pattern structure for generating a first Josephson junction of g first
type and a plurality of second pattern structures for generating a plurality of second
Josephson junctions of a second tyvpe, wherein a junction arca of the first Josephson junction
is different from a junction area of at least one of the plurality of second Josephson junctions;

evaporating a material on the first pattern structure and the plurality of second
pattemn structures based on a first evaporation direction to generate a first clectrode laver for
mmplementing information transmission, wherein the first evaporation direction is
substantially parailel to an edge of the first pattern structure and an edge of at least one of the
plurality of sccond pattern structures;

forming an insulating laver on the fust electrode layer, the insulating layer
comprising a compound corresponding to the material;

evaporating the material on the first pattern structure and the plurality of second
pattern structures based on a second evaporation direction to generate a second electrode

tayer for implementing information transmission, wherein the second evaporation direction 1s
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substantially parallel 1o the edge of the first pattern structure and the edge of the at least one
of the plurality of second pattemn structures; and

forming the first Josephson junction based on the first electrode laver generated on
the first pattern structure, the insulating laver, and the second electrode layver generated on the
first patiemn structure, and forming the plurahity of second Josephson junctions based on the
first ¢lectrode layer generated on the phurality of second pattern structures, the msulating
laver, and the second electrode layer generated on the plurality of second pattern structures.

19. A superconducting cirawnt including a first Josephson junction of a first type
connected in parallel to a plurality of second Josephson junctions of a second type, wheren
the plurality of sccond losephson junctions are conncected in series, and wherein the first
Josephson junciion and the plurality of second Josephson junctions are generated by a
method, the method comprising:

obtaining a first pattern structure for generating a first Josephson junciion of a first
type and a plurality of second pattern structures for generating a plurality of second
Fosephsaon junciions of a second tvpe, whercin a junction area of the first Joscphson junction
is different from a junction arca of at feast one of the plurality of second Josephson junctions;

evaporating a material on the first pattern strocture and the plurality of second
pattern structures based on a first evaporation direction to generate a first electrode layer for
mplementing mtormation transmussion, wherein the first evaporation direction is
substantially parallel to an edge of the first pattern structure and an edge of at least one of the
plurality of second pattern structures;

formimmg an insulating laver on the first electrode laver, the msulating layer
comprising a compound correspounding to the matenal;

evaporating the material on the first pattern structure and the phurality of second

pattern structures based on a second evaporation direction to generate a second electrode
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layer for implementing mformation transmission, wherein the second evaporation direction is
substantially parallel to the edge of the fivst pattern structure and the cdge of the at least one
of the plurality of second pattern structures; and

forming the first Josephson junction based on the first slectrode laver generated on
the first pattern structure, the msulating laver, and the second electrode layver generated on the
first paticmn structure, and forming the plurality of second Josephson junctions based on the
first electrode layer gencrated on the plurality of second pattern structures, the msulating
layer, and the second electrode laver generated on the plurality of second patiern structures.

20, The superconducting circutt of clause 19, wherein a magnetic flux of the
superconducting circuit is controilable.
1281 It should be noted that the example apparatuses and devices descenbed herein are
only schematic, where the units described as separate compounents can or cannot be physically
separated, and the components displayed as units can or cannot be physical units {e. g, can be
located m one place, or can be distributed to a plurality of network unitsy. Part or all of the
modules can be selected 1n accordance with actual needs to achieve the purpose of the
solution of the present erabodiment. Those of ordinary skill n the an can understand and
implement the solution of the present embodiment without creative effort.
T 8 From the description of the above implementations, those skilled in the art can
clearly understand that the vanous mplementations can be tuplemented by means of
software phis a neeessary hardware platform, and can also be implemented by a combination
of hardware and software. Based on such understanding, the above technical solution
casentially or the part contributing fo the prior art can be embodied n the form of a computer
product. The present disclosure can be in the form of a computer program product

mnplemented on one or more computer-usable storage media (including, bat not limited to, a
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magnetic disk memory, a CD-ROM, an optical memory, and the hike) including computer
usable program code.

{8122 The present disciosure is described with reference to flowcharts or block diagrams
of methods, devices, systems, and computer program products in accordance with
embodiments of the present disclosure. It should be understood that each flow or block n the
flowcharts or block diagrams and a combination of flows or blocks in the flowcharts or block
diagrams can be implemented by computer program instructions. These computer program
instructions can be provided to a processor of a general-purpose computer, a special-purpose
computer, an erobedded processor, or another programmable device to produce a machine, so
that the instructions executed by the processor of the computer or another programmable
device produce an apparatus for reabizing the functions specified in one or more flows of the
flowcharts or one or more blocks of the block diagrams.

{8123 These computer program instructions can aiso be stored in a non-transitory
computer-readable memory that can direct a computer or another programmable device to
work in a specific manner, so that the instructions stored m this computer-readable memory
produce an article of manutacture mcluding an instruction apparatus which implements the
functions specified in one or more flows of the flowcharts or one or more blocks of the block
diagrams.

{3124] These computer program instructions can aiso be loaded onto a compuier or
another programmable device, so that a series of operation steps are performed on the
computer or another programmable device to produce computer-implemented processing, 50
that the instructions executed on the computer or another programmable device provide steps
for implementing the functions specified in one or more flows of the flowcharts or one or

more blocks of the block diagrams.
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{8135] In a tvpical configuration, the computing device includes one or more processors
(CPUs}, an input/output inderface, a network interface, and a memory. The memory can
include a volatile memory, a random access memory {RAM), or a non-volatile memory in
computer-readable media, ¢.g., a read-only memory (ROM) or a flash RAM. The memory 18
an example of the computer-readable medivm.

{8126} 'The non-transiiory computer-readable medinum can inciude permanent or non-
permanent, removable or non-removable media, which can tmplement storage of information
by using any method or technology. The mformation can be computer-readable instructions,
data pattems, program modules, or other data. Examples of computer storage media include,
but are not limited to, a phase change memory {(FRAM), a static random access memory
{(SRAM]), a dynamic random access memory {DBRAM]}, other type of random access memory
{(RAM)}, a read-only memory (ROM), an electrically erasable programmable read-only
memory (HEPROM}, a flash memory or other memory technologies, a compact dise read-
only memory {CD-ROM), a digital versatile disc (BVD) or other optical storage, a cassette
magnetic tape, tape and disk storage or other magnetic siorage devices, or any other non-
transmission media, which can be configured to store information accessible by a computing
device. As defined horein, the non-transitory computer-readable medium does not include
computer-readable transitory media, such as a modulated data signal and a carrier.

{8127} Finally, it should be noted that the above embodiments are only used to illustrate
the technical solutions of the present disclosure, and are not intended to himit the present
disclosure. Althoogh the present disclosure has been described in detail with reference to the
foregoimng embodiments, those of ordinary skill in the ant should understand that the technical
solutions recorded m the foregoing various embodunents can still be modified, or some of the

technical features thereof can be cquivalently replaced. These modifications or replacements
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do not cause the essence of the corresponding techmical solutions to deviate from the spirit

and scope of the technical solutions of the embodiments of the present disclosure.
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WHAT IS CLAIMED IS:

1. A method for preparing a Josephson junction, the method comprising:

obtarning a first pattern structure for generating a first Josephson junction of a first
tvpe and a plurality of second patiern structures for generating a plurality of second
Josephson junctions of a second tyvpe, wherein a junction arca of the first Josephson junction
is different from a junction area of at least one of the plurality of second fosephson punctions;

evaporating a material on the first pattern structure and the plurality of sccond patiem
structures based on a first evaporation direction to generaie a first electrode layer for
inplementing information transmission, wherein the first evaporation direction is
substantially parailel to an edge of the first pattern structure and an edge of at least one of the
plurality of sccond pattern structures;

forming an insulating layer on the first elecirode laver, the wnsulating layer comprising
a compound corresponding to the material;

evaporating the material on the first pattern structure and the plurality of second
pattem structures based on a second evaporation direction to generate a second elecirode
tayer for implementing information transmission, wherein the second evaporation direction 1s
substantially parailel to the edge of the first patiern structure and the cdge of the at least one
of the plurality of second pattern structures; and

forming the first Joscphson junction based on the first electrode laver generated on the
first pattern structure, the insulating layver, and the second electrode layer generated on the
first pattern structure, and forming the plurality of second Josephson junctions based on the
first electrode layer generated on the plurality of second pattern structares, the insulating

layer, and the sccond electrode laver generated on the plurality of second pattem struchures.

£
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2. The method of claim 1, wherein the junction arca of the first Josephson junction is
smalicr than or equal to a preset arca, and the junction area of the at least one of the plurality

of second Josephson junctions is greater than the preset area.

3 The method of claim 1, wheren obtaining the first pattern structure for generating the
first Josephson junction of the first type and the plurality of second pattem structures for
generating the plurality of second Josephson junctions of the second type comprises:
obtaining a mask plate for preparing a wafer-level Josephson junction, the mask plaic
comprising a first mask region for prepanng the first Josephson junction and a plurality of
second mask regions for preparing the plurality of second Josephson junctions; and
obtaning the first patiern structure through the first mask region, and obtaining the

plurality of sccond pattern structures through the plurality of second mask regions.

4, The method of claim 3, wherein obtaining the first pattern structare through the first
mask region, and obtamning the plurality of second pattern structures through the plurality of
second mask regions comprises:

obtaning a substrate structure;

formung a photoresist laver on the substrate structure; and

performing ctching on the photoresist layer through the mask plate to obtain the first

pattern structure and the plurality of second pattern structures.

5. The method of claim 4, wherein the photoresist laver comprises an upper photoresist

laver and a kywer photoresist layer.

6. The method of claim 5, wheren thickness of the upper photoresist laver is greater
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than thickness of the lower photoresist layer.

7. The method of claim 1. further comprising:
obtaining an electrical parameter for defining the first Josephson junction; and
determining a junction area of the first Josephson junction based on the electrical

parameter.

8. The method of claim 7, wherein the electrical parameter compnses at least one of

clectromaguetic fickd energy density, capacitance, or inductance.

9, The method of claim 1, further comprising:

obtaining an cvaporation angie for preparing the plurality of second Josephson
junctions, wherein the evaporation angle corresponds to at least one of the first evaporation
direction or the second evaporation direction; and

determining a designed junction area associated with the plurality of second

Josephson junctions based on the evaporation angle.

1 The method of claim 8, wheren determining the designed junction area associated
with the plurality of second Josephson junctions based on the evaporation angle comprises:
obtaimning thickness information of a photoresist laver for prepanng the plurality of
second Josephson junctions; and
determining the designed junction area based on the thickness information and the
gvaporation angle, wherein the designed junction arga is greater than or equal to a junction

arca of at least one of the plurality of second Josephson junctions.
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11, The method of claim 10, wherein deternuning the designed junction area based on the
thickness information and the evaporation angle comprises:

obtaining a cosine vahie corrgsponding to the evaporation angle;

deternuning a product value of the cosine value and the thickness information; and

determining the designed junction area based on the product value,

12, The method of claim 9, wherem the evaporation angle comprises a first evaporation
angle corresponding to the first evaporation direction or a second evaporation angle

corresponding to the sccond evaporation direction.

13, The method of claim 1, wherein an angle formed between the first evaporation

direction and a gravity direction is greater than or equal to 10°, and less than or equal o 60°.

14, The method of claim 1, wherein the first evaporation direction is perpendicular to the

second evaporation direction,

15 The method of claim 1, wherein the plurality of second Josephson junctions are
connected in series, and the first Joscphson junction 1s connected in parallel to the plurakity of

second Josephson junctions.

16. The method of claim 1, wherein the material comprises at least one of ahuminum,

binary nitride, termary nifride, or composite oxide.

17. An apparatas for preparing a Josephson junction, the apparatus comprising af least

one circuitry configured for:
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obtamming a first pattern structure for generating a first Josephson junction of a first
type and a plurality of second pattern structures for generating a plurality of second
Fosephson junctions of a second type, wherein a junction arca of the first Josephson pnction
ts different from a junction area of at least one of the plurality of second Joscphson junctions;

causing the apparatus to evaporate a material on the first patiern structure and the
plurality of sccond pattern structures bascd on a first evaporation direction to generate a first
electrode layer for implementing mformation transmission, wherein the first evaporation
direction 1s substantially paralle! to an edge of the first pattem structure and an edge of at
least one of the plurality of second pattern structures;

causing the apparatus to form an insulating fayer on the first electrode layer, the
msulating laver comprising a compound corresponding to the material;

causing the apparatus to evaporate the material on the first pattern structure and the
plurality of sccond patiern structures basced on a second evaporation direction io generate a
second electrode layer for implementing information transmission, wherein the second
evaporation direction is substantially parallel to the edge of the first patiemn structure and the
edge of the at least one of the plurality of second pattern structures; and

causing the apparatus to form the first Josephson junction based on the first electrode
layer generated on the first pattern structure, the msulating layer, and the second electrode
layer generated on the first pattemn stracture, and to form the plurality of sccond Josephson
junctions based on the first clectrode layer generated on the plurality of second pattern
structures, the nsulating layer, and the second electrode laver generated on the plurahity of

second pattern structures.

18 A device for preparing a Josephson junction, the device comprising:

at least one processor; and
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amemory configured to store a set of instructions that are executable by the at least
one processor to cause the device to perform:

obtaining a first pattern structure for generating a first Josephson jonction of a
first type and a phlurabity of second pattem structures for generating a plurality of
second Josephson junctions of a second type, wherein a junction arca of the first
Josephson pmnction is different from a junction area of at least one of the phirality of
second Josephson junctions;

evaporating a material on the first patiern structure and the plurality of second
paticm structures based on a first evaporation direction to generate a first electrode
layer for implementing information transmission, wherein the first evaporation
direction is substantially parallel to an edge of the first pattern structure and an edge
of at least one of the plurality of second pattern structures;

forming an insulating layer on the first clecirode layer, the insulating layer
comprising 3 compound corresponding to the material;

evaporating the material on the first pattern structure and the plurality of
second pattern structures based on a second evaporation direction to generate a second
glectrode laver for tmplementing mformation transmission, wherein the second
gvaporation direction is substantially parallel to the edge of the first pattern structure
and the edge of the at least one of the plurality of second pattern structures; and

forming the first Josephson junction based on the first electrode laver
generated on the first pattern strocture, the insulating layer, and the sccond electrode
laver generated on the first pattern structure, and forming the plurality of second
Josephson junctions based on the first electrode layer generated on the plurality of
second pattern stractures, the insulating layer, and the second electrode layer

gencrated on the plurality of second patiern structures.

52
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19, A superconducting cireuit mcluding a first Josephson junction of a first type
connected in parallel to a plurality of second Josephson junctions of a second type, wherein
the plurality of second Josephson junctions are connected in series, and wherein the first
Josephson junciion and the plurality of second Josephson junctions are generated by a
method, the method comprising:

obtamming a first pattern stracture for gencrating a first Josephson junction of a first
type and a plurality of second pattern structures for generating a plurality of second
Josephson junctions of a second type, wherein a junction arca of the first Josephson pmnction
1 different from a junciion area of at least one of the plurality of second Josephson junctions;

gvaporating a material on the first paticrn structure and the plurality of second pattern
structures based on a first evaporation ditection to generate a first electrode layer for
mplementing information transmission, wherein the first evaporation direction is
substantially parailel to an edge of the first pattern structure and an edge of at least one of the
plurality of second pattern structures;

forming an insulating laver on the fust clectrode laver, the insulating laver compusing
a compound corresponding to the material;

gvaporating the matenial on the first pattern structure and the plurality of second
pattern structures based on a second evaporation direction to generate a second electrode
layer for implementing mformation transmission, wherein the sccond evaporation direction is
substantially parallel to the edge of the first patter structure and the edge of the at least one
of the plurality of second pattern structures; and

forming the first Josephson junction based on the first electrode layer generated on the
first pattern structure, the insulating layer, and the second electrode layer generated on the

first pattemn structure, and forming the plurality of second Josephson junctions based on the

()]
sl
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first electrode layer generated on the plurabity of second pattern structures, the msulating

fayer, and the second clectrode laver generated on the plurality of second paticm structures.

24 The seperconducting circuit of claim 19, wherein a magnetic flux of the

superconducting circuit is controilable.

L
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