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preparation includes: obtaining a first pattern structure 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;
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 materal; 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.

[Continued on next page/
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METHOD FOR PREPARING A JOSEPHSON JUNCTION, APPARATUS, AND
DEVICE, AND SUPERCONDUCTING DEVICE

CROSS-REFERENCE TOREFLATEDR APPLICATIONS
EHE§ The present disclosure claims benctits of and prionty to Chinese patent
application No. 202011187173 .0, filed on October 29, 2020, the content of which is
incorporated hercin by reference 1o its entirety,
TECHNICAL FIELD
THULAY The present disclosure relates to the technical field of superconducting circunis,
and in particular, 1o a method tor prepanng a Josephson junction, apparatus, and device, and

a superconducting device.

BACKGROUND
LR A Josephson junction, or referred {0 as a superconducting tunnel junction, 18

generally a structure including two superconductors sandwiching a very thin bamer laver,
stich as a Josephson junction formed by a superconductor (3 )-1nsulator (1)-superconducior {S)
structure, referred to as SIS, The above Josephson janction 1s a key component for the
realization and apphcation of modern guantum computing. Specitically, m a superconducting
guantum computer, superconducting gubiis that perform logical operations can be
constructed by making one or more Joscphson junctions and adding some other addiional
cireint clements (such as capacitance clements and inductance clements) at the same time.
Therefore, the preparation quahity of the Josephson junction s the Kev to the genceration of
superconducting qubiis.

{04 At present, a preparation method for the Josephson junction usually uses a mask
plate to perform shadow cvaporation. However, when the above method 1s used to prepare a
Josephson punction, the quality of the Josephson junction largely depends on precise controd
on the thickness of photoresist and on an evaporation divection. If the evaporation direction

changes or the thickness of the photoresist changes, the junction guality of the Josephson
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sunction will change. Theretore, the preparation gualily of the Josephson junction cannot be
guaranteed.

EHEEY The embodments of present disclosure provide mcthods, apparatuses, and devices
for Joscphson junction preparation as well as a superconducting aircut. In an aspect, a
method for preparing a Josephson pnction mcludes oblaining a first patiern structure for
generating a first Josephson pmction of a first type and a plurality of second paticrn structures
tor generating a plurality of second Josephson junchions of a second tvpe, wherein a junction
arca of the first Josephson junchion 1s duferent from a junction arca of at least ong of the
plurality of sccond Josephson junctions; evaporating a matenial on the frst paticm structure
and the plarality of second pattemn structures based on a first evaporation direction {0 generaic
a first electrode laver tor implementing miormation transnussion, wherein the first
cvaporation dirgction is substantially paraliel {o an cdge of the first pattern structure and an
cdge of at least one of the phurabty of second pattern structures; fonming an msulating layer
on the first electrode layer, the msulating laver including a compound corresponding to the
matenal; cvaporating the matenal on the first patiemn structure and the phurality of second
pattem struchires based on a second evaporation direction o generate a second electrode
layer for implementing information transnussion, wherein the second evaporation direction 1
substantiatlv parallel to the edge of the first pattem structure and the edge of the at least ong
of the plurality of sccond pattern structures; and fornung the first Josephson punction based
on the hirst clectrode layer generated on the first paticrn structure, the msuldating laver, and the
second electrode layer generated on the first pattern structure, and tormmg the plurality of
second Josephson junchions based on the first eiectrode layer generated on the plurality of
seoond pattern stractures, the msulating layer, and the second electrode fayer generated on the

pluralitv of second patiem structures.
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EHIN Y In another aspect, an apparatys for preparnng a Josephson junchion mcludes: at
icast one circuifry configured for obtamming a first pattem structure for generating a first
Josephson junction of a first type and a piuralityv of second pattem structures tor gencrating a
plurality of second Josephson junctions of a second type, whergin a punction area of the first
Josephson junction 1s ditterent from a junction arca of at least one of the pluralitv of second
Josephson junctions; causing the apparatus to evaporaic a matenal on the first patiem
structure and the plarality of second pattern structures based on a first evaporation direchion
to generate a first electrode layer for implementing mnformation transnussion, whereimn the
tirst cvaporation direction 1s substanfially paralic! to an cdge of the first patiemn structure and
an edge of at lecast one of the plurality of sccond pattern structures: causing the apparatus o
torm an msulating laver on the first electrode laver, the msulating layer including a
compound corresponding to the matenal. causing the apparatus o cvaporaic the matenal on
the first pattern structure and the plurality of second pattern structures based on a sccond
cvaporation direction to generale a second electrode layer for implementing mfommation
transmssion, wherem the second evaporation direction 1s substantially paraliet to the edge of
the first patiem structure and the edge of the at least one of the plurality of sccond pattem
structures; and causing the apparatus o form the first Josephson junction based on the first
clectrode laver gencrated on the first pattem structure, the msulating layver, and the second
ciectrode laver generated on the first pattern structure, and to form the pluraihity of second
Josephson junctions based on the first clectrode laver generated on the pluraiiy of second
pattern stroctures, the msudating layer, and the second electrode laver gencrated on the
plurahity of second patiern structures.

{307 in vet another aspect, a device for prepanng a Joscphson junction includes at feast
one processor and a memaory conhigured to store a set of mstructions executable by the at

tcast one processor o cause the device to pertorm: obtatung a first pattern structure for

PN



WO 2022/093618 PCT/US2021/055996

generating a first Josephson junchion of a first type and a plurality of second paticrn structures
tor gencrating a plurality of second Josephson junchions of a second type, wherem a junchion
arca of the first Joscphson junciion 1s ditferent from a junction arca of at fcast one of the
plurality of second Josephson junctions; evaporating a material on the first pattem structure
and the plurality of sccond pattern structures based on a first evaporation direchion 1o generale
a first electrode layver for implementing nformation transmussion, wherein the first
cvaporation dircction is substantially parallel {o an edge of the first pattern structure and an
cdge of at least one of the plurality of second pattern structures; forming an msulating layer
on the first electrode layer, the msulating laver including a compound corresponding to the
matcnal: evaporating the matenal on the first pattern structure and the plurahity of second
pattern structures based on a second evaporation direchion {0 generate a second electrode
layer for mmplementing mformation transmussion, wheremn the second evaporation direction 1s
substantially paraliel to the edge of the first pattem structure and the edge of the at least one
of the plurality of sccond pattern structures; and formng the first Josephson punction based
on the first electrode layer generated on the first pattern structure, the msulating laver, and the
second electrode layer generated on the first pattern structure, and tormmg the plurality of
second Josephson junctions based on the first electrode fayver generated on the plurality of
seoond pattern stractures, the msulating layer, and the second electrode fayer generated on the
phlurality ot sccond pattern structures.

EHitiLE In yvet another aspect, a superconducting circuit inchudes a first Josephson junction
of a first tvpe connecied n parallel to a plurality of second Josephson pmctions of a second
type, wheremn the plurahity of second Josephson junctions are connected m serics, and
wherein the first Josephson junction and the plurality of second Josephson junctions are
generated by a method. The method mcludes obtaning a first patiern structure for generating

a first Josephson junchion of a first tvpe and a plurahity of second pattem structures for
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cenerating a plurality of second Josephson junctions of a second type, wheren a junchion area
of the first Josephson junction s ditfcrent from a junction arca of at fcast one of the plurahity
of sccond Josephson junctions; evaporating a material on the first pattem structure and the
plarality of sccond pattern structures based on a first evaporation direction (o generale a first
clectrode laver for implementing mformation fransmission, wheremn the first evaporation
direction 1s substantially paralicl to an edge of the first pattern structure and an edge of at
lcast one of the phurahity of second pattern structures; forming an insulating laver on the first
clectrode laver, the msulating laver mnchiding a compound corresponding to the matenal;
cvaporating the matenal on the first pattemn structure and the pluralitv of second patiem
structures based on a second cvaporation dirgction {0 generate a sccond clectrode laver for
inpiementing informanon transpission, wherein the second evaporation direction 1s
substantially paralicl to the edge of the first pattern structure and the cdge ot the at least ong
of the plurality of sccond patiern structures; and fornung the first Josephson punction based
on the first electrode layer generated on the first paticrn structure, the msulating layer, and the
second electrode layer generated on the first pattern structure, and tormmg the plurality of
second Joscphson junctions based on the first electrode fayver generated on the plurality of
second pattern structures, the msulating layer, and the second electrode layer gencrated on the
plarality of second pattem structures.

FHiE S 1o descnibe the technical solutions 1 the cmbodiments of the present disclosure
more clearly, the accompanying drawings requured tor describing the embodiments are
brieflv miroduced below. It 15 apparent that the accompanying drawings described mn the
tollowing are merely some embodiments of the present disclosure, and those of ordmary skili
it the art can still derive other drawings from these accompanying drawings without ¢reative

otiorts.

LAY
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L e Figs, 1-3 are schematic diagrams iHustrating a process of prepanng a Josephson
junchion,

LHiEN § Figs. 4A 15 a schematic diagram iliustrating a process of preparing a Josephson
junction using a first projection angle.

tHiz g Fig. 41 15 a schematic diagram llustrating a process of preparing a losephson
munction using a second projection angle.

FHIIRE Fig. SA 158 a schematic diagram illustrating a process of preparing a Josephson
nunction using photoresist with a first thickness.

{3314} Fig. 58 15 a schemane diagram dlustrating a process of preparnng a Josephson
junction using photoresist with a sceond thickness.

tHi ] Fig. 6 15 a flowchart illustrating a method for preparnng a Josephson junchion,
consistent with some emboduments of this disclosure.

FHEET Fig. 7 15 a flowchart ithostrating a method of obtaming a first pattern structure and
a plurality of second patiern structures, consistent with some embodiments of this disclosure.
{3017 Fig. 8 15 a schematic structural diagram of a mask plate, consistent with some
cmbodments of this disclosure.

K] Fig. 9 15 a flowchart of another method for preparing a Josephson junction,
consistent with some embodiments of this disclosure.

{30151 Fig. 18 15 a flowchart of still another method for prepanng a Joscphson junction,
consistent with some embodiments of thas disclosure.

LHipA] Fig. 11 15 a schematic diagram illastrating a process of preparing a Joscphson
sunction, consistent with some embodiments of thys disclosure.

{30211 Fig. 12 15 a schomatc structural diagram dhustrating an apparatus for preparing a

Josephson yanction, consistent with some embodiments of this disclosure.
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{38221 Fig. 13A 15 a schematic structural diagram ilustrating an electronic device tor
preparmg a Josephson junction, consistent with some embodiments of this disclosure.
LHIRRY Fig. 138 1s a block diagram of an examaple system {or operating a quantuin Circuit,
consistent with some embodiments of this disclosure.
241 F1{s, 130 15 a schematic diagram illustrating an example guantum controlier for
operating quantum circuits, consistent with some embodiments of this disclosure.
{38251 Fig. 14 1s a schematic diagram illostrating a superconduocting device, consistent
with some embodiments of this disclosure.

DETANLED DESCRIPTION
LHERE Y Reterence can now be made 1 detatl o example embodiments, examplies of
which are illastrated i the accompanyving drawings. The tollowing descenption reters to the
accompanying drawings m whach the same numbers in diffcrent drawings represent the same
or stmlar elements unless otherwise represented. The implementations set forth m the
followimg description of example embodiments do not represent all implementations
consisient with the disclosure. Instead, they are merelyv examples of apparatuses and methods
consistent with aspects related to the disclosure as recited o the appended claums. Paricular
aspects of present disclosure are described in greater detail below. The terms and definitions
provided herein control, it m conthet with terms or defimitions mcorporated by reference.
{38271 the terminology used o the embodiments ot the present disclosure 1s for the
purpose of desenibing particular embodiments ondy, and 18 not miended o Iuny the present
disclosure. The singular forms a7 “sawd,” and “the™ used n the embodiments of the present
disclosure and the appended claims are also intended to include plural forms, unless other
meanings are clearly mdicated m the context, and “multiple” gencrally includes at least two,

but does not exclude the case of inchuding at least one.
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{38281 it should be noted that, the relational terms herein such as "first” and “second™ are
used only to differentiate an eniity or operation trom ancther entify or operation, and do not
require or mnply any actual relationship or sequence between these entifics or operations.
Moreover, the words “comprising,” “having,” “contaming, and “mchiuding,” and other
symilar forms are mtended to be cquivalent in meaning and be open ended in that an item or
ttenis following anv one of these words 15 not meant to be an exhaustive histing of such item
or items, or meant to be imited to only the listed ttem or Hems.

{30291 As used heren, unless specifically stated otherwise, the {erm “or encompasses all
possibic combinations, except where mieasible. For exaraple, i i 1s stated that a component
can include A or B, then, unless specitically stated otherwise or mfeasible, the component
can mclude A, or B, or A and B. As a sccond example, if 1t 15 stated that a component ¢an
mchude A, B, or L, then, unless speaifically stated otherwise or mfcasibie, the component can
moehude AorB or{C,orAand B,orAand C.orBand C,or Aand B and (.

EHERHE Depending on the context, the words “in case of and it as used herein can be
iterpreted as Tat the time of " or “when” or T response to determination” or i response o
detection.” Simitlarly, depending on the context, the phrase " determined ™ or it detected (a
stated condition or event} ¢an be micrpreted as “when deternuined ” or Tin response 1o
determination” or “when detected (a stated condition or event)” or “response to detection {of
a stated condifion or event).”

FHIRE R It should be further noted that the terms “mclude,” “compnse,” or any other
vanations thercot are mtended (o cover non-exclusive mnclusion, so that a commodity or
system mcludmye a serics of clements not only mchides the clements, but also includes other
clements not explicitly histed, or further includes elements inberent to the commodity or
systemt. In the absence of more limitations, an clement detined by “includmg a/an .7 doces

not exclude that the commodity or system mcluding the element turther has other identfical
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clements. In addition, the sequence of sieps m the followimg method embodiments 1s only an
cxaraple, not a sinct luntation.

{3321 As used herein, a Josephson pmnction {also referred to as "a superconducting
tunnel junction™) can refer 1o a stracture including two superconductors sandwiching a thin
barmer laver. By way of example, a losephson yjunction can be tormed by a superconductor-
msuiator-superconductor structure {or referred to as an “S-I-57 struchure}. the Josephson
sunchion can be a key component for implementation and application of modem quantum
computing. In some applications, a superconducting guantum computer can ulilize a large
number {¢.g.. about { nuthon) of superconducting guantum bits (Tqubits™) to achueve hugh-
precision data operations. The superconducting gubiis that pertorm logical operations ¢an be
constructed by preparing one or more Josephson junctions and adding additional cirrcunt
clements {¢.2.. capaciance clements or inductance clements). Therefore, preparing a large
number of superconducting qubits with untform structures can be very important for
superconducting quantumn computers. Une of the kevs to producing superconducting qubits 18
the preparation quality of the Josephson junction {¢.g., an arca of the Josephson junction, a
critical current of the Josephson junction, a non-superconducting normal-state resistance of
the Joscphson junction, or any other charactenstics of the Josephson punction}.

THIRXE Existing technigues for preparing a losephson junchion typically mclude shadow
cvaporation with a mask plate. Figs. 1-3 are schematic diagrams iliustrating a conventional
process of preparing a Josephson junction. As shown i Fig. 1, a mask plate 102 can include
a first mask pattern 104 and a second mask pattern 106, and a bridge structare 108 18 arranged
between first mask pattern 104 and second mask pattern 106, Based on mask plate 102 with
bridge structure U8, a matenal can be grown on a bare silicon wafer 110 through first mask

pattern 104 to gencrate a first stracture {(not shown mn Kig. 1}
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LIRS S As shown m Fig. 2, a process of generating a first structure 204 can mchude
growing a first matenial 207 on mask plate 102 at a first projection angle 81, First matenal
2072 can be grown on bare stlicon water 110 through first mask pattern 104 and sccond mask
pattern 106 on the same mask, so that first structure 204 can be generated.

THIRRY As shown mn g, 3, a process of generating a second structure 304 can include
orowing a second matenial 302 on first matenial 202 at a second projoction angle 82, Second
material 302 can be grown on bare sdicon wafer 110 through first mask pattern 104 and
second mask patterm 106 on the same mask, so that second structure 304 {represenicd by a
filled pattern} can be generated. The second projection angle 82 can be different from the first
projection angle 81 {as tiustrated m Fig. 2}, Accordingly, positions of first structure 204 and
second structure 304 on bare sihicon wafer 110 can be ditterent, so that an overlapping
structure can form between frst structure 204 and second structure 304, Such an overlapping
structure can form a Josephson junction 306 (represented by a structure enclosed in a dash-
hine aircle m Fig, 3).

LHIREY When the conventional process described in association with Figs. 1-3 15 used to
prepare a Josephson junction, the quality of the Josephson junction can {argely depend on
precise control of thickness of a photoresist and on precisce controd of an evaporation
direction. it the evaporation direction changes, the guality of the Josephson punction can
subject to change {¢.g., an arca of the Josephson junchion, a crtical current of the Josephson
unction, a non-superconducting normal-state resistance of the Josephson junction, or anv
other characteristics of the Josephson junction).

{BU371 Figs. 4A 15 a schematic diagram iHustrating a conventional process of prepaning a
Josephson junciion using a first projechion angle 402, As shown mn Fig., 44, {or the samie
photoresist structure and evaporation matenial, when cvaporating the material asing first

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

L{
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404, Figs. 4B 15 a schematic diagram dlustrating a conventional process of prepanng a
Josephson junchion using a second projection angle 406, As shown in Fig. 48, when
evaporating the matenal 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 sccond
projection angle 406 are different, width 404 and width 408 can be ditfcrent. Therctore,
dunng preparation of a plurality of Josephson junctions, the guality of the plurality of
Josephson junctions {€.g., arcas of the Josephson punchions) can subject 1o the changes of the
projection angle, so that i can be chaliengmng (o ensure the preparation quality of the
Josephson junchion.

3381 >rniarly, the junction quality of the Josephson junction can change depending on
the thickness of the photoresist for preparning the Joscphson junction. Fig. SA 15 a schematic
diagram illustrating a conventional process of preparning a Josephson junction using
photoresist with a first thickness. As shown i Fig, SA. for the same projection angle and
cvaporation matenal, when evaporating the material on a photoresist structure with a
photoresist thickness 3027 using a projection angle, an electrode layer can be formmed on the
photoresist layver with width 404, Frg. 3B 15 a schematic diagram dlustrating a conventional
process of preparing a Joscphson junciion using photoresist with a second thickness. As
shown m Fig, 8B, when evaporating the matenial on a photoresist structure with a photoresist
thickness 304 using the same projection angle, an electrode laver can be formed on the
photoresist layver with width 408, When photoresist thickness 302 1s difterent from
photoresist thickness 304, width 404 and width 408 can also be difterent. Accordingly, when
a4 plurality of Josephson junchions are prepared using ditterent photoresist thicknesses, the
sunciion guality of the plurality of Josephson junciions {(¢.2., arcas of the Joscphson junctions)
can subject to changes of the photoresist thicknesses, so that it can be challenging to ensure

the preparation quality of the Josephson junction.

I3
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B0V As described above, when prepanng a Josephson junction, the evaporation angle
and the photoresist thickness have great impacts on the guality of the Josephson junchion.
specifically, tor the water-scale manutacturing of a plurality of Josephson junctions. the
evaporation angle and the distribulion of the photoresist thickness on the entire waler ¢an
unpact the quality of the Josephson junctions and can sigmficantly reduce the preparation
vicid of the Josephson junclions 1t sOme cases.

FHIR o reduce the infhuence of the change i the evaporation direction or the
photoresist thickness on the guality of the Josephson junction, and {o ymprove the unitormaty
and preparation vield of the Josephson junction at the water scale, methods, apparatuses,
devices, superconducting dovices for preparing a Joscphson junction are provided in the
present disclosure. BEmbodiments of thus disclosure can provide mulliple technical benefits.
The first Josephson junction and the plurality ot second losephson junctions can be preparced
simultancousiy. Morcover, when the first electrode laver and the second electrode laver arce
generated, the first evaporation direction can be substantially paralicl to the edge of the first
pattem structure and the cdge of the at least one of the plurality of second pattem strnictures.
The second evaporation divection can be substantiaily paralie! 1o the edge ot the first pattern
structure and the cdge of the at feast one of the plurality of second patiern structures. By
domg so, the intluence of the evaporation direction or the thickness of the photoresist on the
quaiity of the Josephson junction can be cticctively reduced. Accordingly, the qualitv of the
first Josephson junction and the plurality of second Josephson junctions can be ensured, and
the uniformity and vield of prepanng Josephson junchions can be improved.

{30411 some implementations of the present disclosure will be described in detail below
with reference to the accompanying drawings. Provided that there 1s no confict between the
embodiments, the following embodiments and features 1n the embodiments can be combined

with each other.
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{30421 Fig. 6 18 a flowchart dlustrating a method 600 for prepanng a Josephson junction,
conststent with some embodiments of this disclosure. Method 60U can be used for preparng a
walcr-level Josephson punction. Also, any apparatus capabie of performing method 600 can
be used for preparing a water-level Josephson punction. it 1s understandable that the apparatas
for preparing a lfosephson junction can be implemented as software, hardware, or a
combination of software and hardware. in some ermbodiments, method 600 can be
mnplemented by at least ong circuitry of the apparatus.

{3043 At step 602, a first pattern structure tor generating a first Josephson junction of a
first type and a plurality of second pattem structures for generating a plurality of second
Josgphson junctions of a second tvpe arc obtained. A jmcetion area of the farst Josephson
junclion can be difterent from a joncltion arca of at icast one of the plarality of second
Josephson junctions.

EHIEE ¥ In some embodiments, different Josephson junctions can correspond to different
sunction areas. In order to tacihitale the preparation of Josephson junctions while ensunng the
grtormity and preparation vield of the Josephson junctions, the Josephson junctions can be
classified mto the first Josephson junction and the plurality of sccond losephson junctions,
and the junction arca of the first Josephson punction can be difterent from the junction arca of
the at least one of the plurality of second Josephson junctions.

FHIERT By way ot exampic, the junction arca of the first Josephson junction can be
smaller than or equal to a preset arca, and the junction area of the at lcast ong of the plurality
of second Joscphson junclions can be greater than the preset area. In such casces, the first
Yosephson junchion can be referred to as a “small junction,” and the plurality of second
Josephson juncions can be referred to as “big junctions,”

{1346} In another example, the junction area of the first fosephson junchion can be greater

than the preset area, and the junchion arca of the at least one of the plurality of second



WO 2022/093618 PCT/US2021/055996

fosephson junchions can be less than or ¢qual to the preset area. In such cases, the hirst
Josephson juncion can be referred 10 as a ~“big junciion,” and the plurahity of second
Josephson junciions can be referred to as “small junctions.”

{33471 For gase of description without causing ambigutties, the following desenption
takes the first Josephson junction as the “small yunction” and the plurality of second
Josephson punctions as the “big junctions as an example. In such cases, the preset area for
distinginshing the first Josephson junction from the plurality of sccond Josephson junctions
can be preset. For example, the proset area can be the largest arca that can be realized by the
first Joscphson junction. it should be noted that the specific numencal range of the preset area
1s not himited m the example embodiments of this disclosure, and those skilled m the art can
set 1 according to specific application requirements and design requirements, which will not
be detailed heremn

EHikEY In some embodiments, (o ssmultancousiy prepare the first Josephson junction and
the plurality of second Josephson yunctions, the first pattern structure and the pluarality of
second pattern structures can be prepared 1 advance, so that the first Josephson junction can
be generated based on the first patiem structure, and the plurality of second Josephson
unciions can be generated based on the plurality of second pattern structures. H 1s
understandable that the first pattern structure and the plarality of second patter structures
can be the same or dufcrent. For example, the first pattern structure can be a symmetncal
structure, and at icast one of the plurality of second pattem stnuctures ¢can be an asviametrical
structure. In some embodiments, the first paticrn structure and the plurality of second paticmn
structures descnbed herein can be obtamned by etching through a mask plaie.

{33491 in some ernbodiments, the plurality of sccond Josephson junctions can be
connected in senes. The first Josephson junction can be connected n parallel (o the plurality

of sccond Josephson junchions. In such cases, the plurality of second Josephson junctions and

14
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the first Josephson junction can be used {0 generate a superconduching device, thereby
improving the practicability of the prepared foscphson junction,

{33581 Stdl referring to Fig. 6, at step 604, a matenal is cvaporated on the first pattem
structure and the phurality of second paticrn structures based on a first evaporation direction
to generate a birst electrode laver for immplementing information transmission. The first

“

cvaporation direction can be substantially paralicel (c.g.. within an error range of £2°

Y to an
cdge of the first pattem structure and an edge of at least one of the plurality of second paticrn
Structures.

{3351 In some embodiments, after step 602, a matenal can be evaporated simultancousky
on the {irst pattem structure and the pluraligy of sccond pattern structures based on the first
evaporation direction. In some embodiments, the material can mcluade at least one of
aluminum, bmary nitnde, ternary nifnde, composiie oxide, or any other superconducting
materials {e.2., at least one of tantalum, molvbdenum. vanadiam, or the like). If 15
anderstandable that the matenal 1 not himited (o the examples descenbed herewn. Those skalled
in the art can also select the matenal according to specitic apphication requirernents and
design requirements.

51 in some embodiments, the {irst electrode layer for mplementing mtormation
transmission can be generated by the maternial evaporated on the first pattern structure and the
plurality of sccond paticm structures. For exampic, the first clectrode layer generated m the
first pattem struchure can be used to generate the first Josephson punction, and the first
clectrode laver generated in the phurahity of second pattem structures can be used to generate
the plurality of second Josephson junctions.

{33531 In some embodiments, the first evaporation durection can be substantially paralicl
{e.g., within an error range of £2°) to the edge of the first pattern structure and the edge of the

at least one of the plurahity of second pattern structures. By doing so, the mtluence of the
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cvaporation angle and the photoresist thickness on the preparation guahity of the Josephson
junciion can be reduced in the process of prepanng the first Josephson junction and the
plurality of second Joscphson junctions. By way of example, an angle formed between the
first evaporation direction and a gravity dircction can be greater than or equal (o 107 and less
than or cqual to 60U°. 1115 noted that the first evaporation direction 18 not himted to the
cxampie crnbodiments described herein and can be set by those skitled in the art according o
specific application reguirements and design requrements, as long as the uniformity and
preparation vichd of the hirst Josephson junclion and the plurality of sccond Josephson
sunciions can be ensured.

LHEEY Still reterring to Fig. 6, at step 606, an msulating laver 1s tormed on the first
clectrode laver. The msulating layer can mnclude a compound corrgsponding to the material.
USR] At step 608, the matenal 1s evaporated on the frst paticm structure and the
phurality of second paticrn structures bascd on a sccond cvaporation dircction o generate a
second electrode laver tor implementing information fransmission. The second evaporation
direction can be substantially paralie] {¢.g., within an error range of £2°) to the edge of the

first pattern structure and the edge of the at least one of the plurality of second pattern

STTUCtures.
THESY In some embodiments, the matenial can be evaporated simultancously on the first

pattern structure and the plurahity of second pattern structurces based on the second
cvaporation direction to generaic the second elcctrode layer. In some embodiments, the
second clectrode layer gencrated in the first paticrn structure can be used to generate the first
Yosephson junchion, and the sccond clectrode laver generated 1 the plurahity of second
pattem structures can be used to generate the plurahity of second Joscphson junctions.

57 In some embodiments, the second evaporation direction can be substantially

paraliel to the edge of the first pattern structure and the edge of the at least one of the

1o
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plurality of second paticrn structures. By doing so, the infhuence of the ¢vaporation angle and
the photoresist thickness on the preparation guality of the Josephson junction can be reduced
in the process of prepanng the first Josephson junction and the phurality of second Josephson
junctions. It should be noted that the second evaporation direction 1s not himted to the
cxample embodiments descerbed herem and can be select by those skilled in the art according
to specttic application reguirements and design requiremeonts, as long as the umiformity and
preparation vickd of preparimg the first Josephson junction and the phirahity of second
Iosephson junchions can be ensured. In some embodiments, the first evaporation direction can
be perpendicular to the second evaporation dircction. In some cmbodiments, the second
cvaporation direction can be approxumately perpendicular to the first evaporation direction
{e.g.. within an error range of 1°, 2°, 3%, 10°, or any preset angle rangc).

FHENRE still refomng to Fig, 6. at step 610, the first Josephson junction 15 tormed based
on the first clectrode layer generated on the tirst patiern structure, the msulating laver, and the
second electrode laver gencrated on the first paticrn structure. The plurality of second
losephson junchions are formed based on the fivst electrode laver generated on the plurality of
second pattern structures, the insuiating laver, and the sccond clectrode laver generated on the
plurality of second pattern structures.

THESE in some embodiments, the first Josephson junction can be formed as an
overlapping structure that mclude the first electrode laver gencrated on the first paticm
structure, the msalating laver, and the second clectrode laver generated on the first pattern
structure. Similarly, the plarality of second Josephson junclions can be formed as overlapping
structures, cach of the overiappmg structures including the first ¢lectrode layer generated on
the plurality of second paticm structurcs, the msulating layer, and the second electrode layer
generated on the plurality of sccond pattern stractares. By doing so, accurate and ettective

preparation operations on Josephson junctions ¢an be eftectively implemented.
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LHEGH As described above, by performiung method 600, the first Josephson junction and
the plurality of second loscphson junctions can be prepared simultancously. Morcover, when
the first electrode laver and the second electrode layer are gencrated, the first cvaporation
dircction can be substantially paraliel to the edge of the first patiern stracture and the edge of
the at least one of the plurality of second patiemn structures, and the second evaporation
direction can be substantiallv paraliel to the edge of the first patiem structure and the edge of
the at least one of the plurabty of second pattern structures. By domg so, the mihuence of the
cvaporation direction or the thickness of the photoresist on the guality of the Josephson
junction can be effectively reduced. Accordingly, the guality of the first Joscphson junction
and the plurality of scecond Josephson junctions can be cnsured, and the unifornmuty and vicid
ot preparing Josephson junctions can be improved.

tHEG Fig. 7 15 a flowchart ithustrating a method 700 of obtamning a first pattern structure
and a pilurality of second pattern structures, consistent with some cmbodiments of this
disclosure. The first pattern stracture can be used for generating the first Josephson janciion
of the first type as described i method 6040, and the plurality of second patiern structures can
be used for generating the plurality of second Josephson junchions of the second type as
described in method 600,

(3862 ] At step 702, a mask plate 1s obtammed for prepanng a walker-level Josephson
mmnction. The mask plate can mnclude a tirst mask region tor prepanng the first Josephson
nunction and a pilurahity of second mask regions tor prepanng the plurality of second
Josephson junchions. At step 704, the first pattern stractare 1s obtamned through the first mask
region, and the plurality of second pattern structures are obtained through the plurality of
second mask regions.

THINRY Frg. 8 15 a schematic structural diagram of a mask plate 800, consistent with somge

cmbodiments of thas disclosure. Mask plate 800 can be used for prepanng a water-level

e
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fosephson junchion and can be preset. As shown in Fig. 8, mask plate 800 can include a first
mask region sU2 for prepanng the first Josephson junciion and second mask regions 204 for
preparing the plurality of second Joscphson junctions. k18 understandable that the specitic
numbers of first mask region 802 and sceond mask regions 804 can be adjusted and set based
on specific application scenanos and design requurements. In some embodiments, (0 prepare
the plurality of second Josephson junctions described heren as being connected m senes,
second mask regions 804 can be connected mn series. in some embodiments, {o prepare the
plurahity of second Josephson junctions as bemg connecied n parallel to the first Josephson
sunchion, second mask regions 804 can be connected n paralie! to first mask region 802
LHINEY By way of example, the first pattern structure can be obtained through first mask
region 307, and the phurality of second paticrn structures can be obtamned through sccond
mask regions 804, in some ernbodiments, to obtain the first pattern structure and the plurality
of second pattem structures, a substrate structure can be obtammed. A photoresist laver can be
formed on the substrate structure. Then, eiching can be performed on the photoresist layer
through mask plate 800 (o obtain the first patiem structure and the plurality of second pattemn
structures.

LHIRY in some cmbodiments, to achicve a stablc operation for preparing the Josephson
junction, a preset substrate structure for generating the Josephson junchion can be obtained.
For example, the substrate structure can be a preset bare stheon waler. Afier the substrate
structure 1s obtained, a photoresist iayer ¢an be formed on the substrate structure. To ensure
the gquality of the patiern structure generaled by the etching operation, m some embodiments,
the photoresist laver generated on the substrate structure can be a double-laver structure. For
cxample, the photoresist layer can mclude an upper photoresist laver and a lower photoresist
tayer, 1 which thuckness of the upper photoresist laver can be greater than thackness of the

tower photoresist laver. After the photoresist layer 1s generaled, efching can be performed on
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the photoresist laver through a mask plate {¢.g., mask plate 800) to obtam the first pattern
structure and the plurality of second patiern structures. By doing so, the accuracy and
reliability of obtamning the first pattem structure and the plurahity of second paticm structures
can be gnsured.

GG] Fig. 915 a flowchart of a method Y00 for preparing a Josephson junction,
consisient with some embodimentis ot this disclosure. In some emboduments, method 900 can
be performed m addition to method 600 tor preparing the Josephson junchon. At sicp 902, an
clectneal parameier for detinmg the first Josephson junchion 1s obtamned. At step 904, a
sunciion arca of the first Josephson junction s detemmined bascd on the electncal parameter,
By performing method 900, Josephson junctions of the first tvpe having different junction
arca 8128 can be prepared correspondimg to different electncal parameters 80 as o mect
design requirements and apphication requirements of different users, thercby further
mnproving the tlexabiity and reliabihity of preparing the first Joscphson junciion.

{38671 In some embodiments, the janction area of the first Josephson junction ¢an be
related to the electnical parameter. Obtaining the clectnical parameter can ensure that the
prepared first Josephson junciion can meet the design requuircments and usage reguirements.
in some cmbodumenis, the clectrical parameter can inciude at icast one of clectromagnetic
hicld encrgy density, capacitance, or mductance. In some emboduments, the electneal
parameter can be mnput by a user i advance or determined according to specttic application
scenanos and design requirements. By way of example, the user can directiy mput (¢.8..
through a user mtertace) the electncal parameter to an apparatus tor implementing method
900, After the electnical parameter 1s obtamed, the junction area of the first Josephson
junction can be determined based on the clecincal parameter,

{1368} In some embodiments, to determing the junction arca of the first Josephson

unction based on the electincal parameter, mappmng relaghionshups between different electrical
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parameters and different junction areas can be predetermined. After obtaming the electnical
parameier, the mapping relationships can be used to determane the junction arca of the first
Josephson junciion.

{33681 Fig. 10 15 a tlowchart of a method 1000 for preparing a Josephson junction,
consistent with some embodiments of this disclosure. In some embodiments, method 1000
can be performed 1o addition to method 600 for preparning the Josephson junction. At step
1002, an evaporation angle 1s obitained for prepanng the plurality of second Josephson
sunctions. The evaporation angle can correspond (o at least one of the first evaporation
direction or the second cvaporation direction. At step 1004, a designed junchion area
asscctated with the pluraldy of second Joscphson junctions is determined based on the
evaporation angle.

thiny In some embodiments, the plurality of second Joscphson junctions can correspond
to the designed jumction arca and a junction area {¢.g., an actual junction arca}. By wav of
example, the designed junclion arca can be a theoretical yunction area {0 be mmplemented by
the plurality of second Josephson junctions, and the designed junction arca and the junclion
area can be the same or different.

{37 ] in some cmbodiments, the designed junction arca associated with the plurahity of
second Josephson junctions can be related {o the evaporation angle for prepanng the plarality
of second Josephson junchions. In some ecmbodiments, the evaporation angle can include a
first evaporation angle corresponding to the first evaporation dirgction or a second
cvaporation angle corresponding 1o the second evaporation direchion.

{387 21 In some embodiments. after being obtamned, the evaporation angle can be analvzed
and processed to determne the designed junchion area associated with the plurahity of second
Josephson janctions. For example, to determune the designed junction arca associated with

the plurality of second Josephson junctions, thickness information of a photoresist laver for
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prepanng the plurality of second Josephson junctions can be oblained. Then, the designe
sunciion area can be determined bascd on the thickness information and the cvaporation
angle. 'The designed junction area can be greater than or equal to a junciion arca of at least
one of the plurality of second Josephson junchions.

THIFRY In some embodiments, to determing the designed junchion area based on the
thickness mformation and the cvaporation angle, a cosine value corresponding to the
cvaporation angie can be obtained {e.g.. after the evaporation angle 15 obtaingd}. The product
value of the cosine value and the thuickness mmformation can be deteommed. For example, the
product value can be used as an area line corresponding {o the designed junction arca. Then,
the designed junction arca can be determined based on the product value. For example, the
designed junchion arca can be determuned as a square value of the product value.

074 Fi1g. 11 15 a schematic diagram itlustrating a process 11400 of preparing a
Josephson punction. consistent with some cmbodiments of this disclosure. Process 1100 can
achieve simultancous preparation of a phurality of losephson junctions at the waler level, and
the plurality of Josephson junctions can inchude the first Josephson junction and the plurality
of second Josephson junctions as described hercin. For example. the first Josephson junction
can refer to as a small pinction with a junction arca being smailler than or equal to a preset
arca, and the plurality of second Josephson junctions ¢an refer to as big punctions with
mmction arcas being greater than the preset area.

tHiFS As shown m Fig, 11, at step 1102, a substrate material 11106 15 obtaned, and a
double-layer photoresist layer 1118 1s formed on sabstrate matenal 1116, In some
cmbodiments, double~layer photoresist tayer 1118 can include a top photoresist layer and a
bottom photoresist layer (not shown o Fig, 11}, in which thickness of the top photoresist

fayer can be greater than thackness of the bottom photoresist layer. By doing so, the quality
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and ctticiency of generating the first pattemn structure and the plurality of second pattem
structures can be cosured.

{761 As shown 1 Fig. 11, at step 1104, an ctching operation 1120 1s performed on
double-laver photoresist laver 1118 through a mask plate 1122 to obtaimn a first paticrn
structure 1124 for gencrating a first Josephson junchion 1126 {represenied by an overlapping
arca cnclosed by a dash-linc oval in Fie. 11} of a first tvpe and a plurality of sccond pattern
structures 1128 tor gencrating a phurabity of second Josephson junctions 130 (represented by
an overlapping arca enclosed by a dash-hine oval 1n Fig. 11) of a second tyvpe. As shown o
Fig, 11, fust pattem structure 1124 can include a patiem arca formed by four symmetnically
arrangcd photoresist structure biocks, in which the sizes and shapces of the photoresist
structure blocks are the same. There can be a predetermined distance between two adjacent
photoresist structure blocks fo form first patiem structure 1124, and the whole of first paticm
structure 1124 can torm a cross-shape structure.

{38771 As shown m Fig, 11, second pattern structures 1128 can include a pattern area
formed by two photoresist structure blocks, 1o whach the sizes and shapes of the two
photoresist structure blocks are ditferent. Specifically, one of the photoresist structure blocks
has an L-shaped structure, the other photoresist structure block has an inverted-L-shaped
structure, and there 18 a predetermined distance between the two photoresist structure blocks.
{87 8] In some embodunents, m order to be abie to prepare first Josephson junction 1126
and sccond Josephson punctions 1130 at the same time, arrangement directions of first patiern
structure 1124 and second paticrn structurcs 1128 on substrate material 1116 can be the same.
For example, as shown in Fug, 11, a first evaporation duection 1132 of a first ¢lectrode laver
1134 for generating first Josephson junction 126 can be the same as a first cvaporation
dircction 1136 of a first clectrode laver 1138 for generating second Josephson junctions 1130,

A second evaporation direction 1140 of a second ¢lectrode laver 1142 for generating first

ot
Cod
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losephson junction 126 can be the same as a second evaporation direction | 144 of a second
clectrode laver 146 for gencrating sccond Josephson junchions | 130,

TS At step 1106 (not tiustrated m Fie. 11}, a material 1s loaded mto an cvaporation
tool. The evaporation tood can be used to stmultancousty evaporate the material on first
pattern structure | 124 m first evaporation divection 132 to generate first clectrode laver
1134 and evaporate the matenial on second pattern structures 1128 m first evaporation
direction 1136 {the same as first evaporation direction 1132) to gencrate first electrode layer
1138, First evaporation direction 1132 (the same as first evaporation direction 1136} can be

-
r

substantially paralic! {¢.g., within an crror range of £27} to an edge of first paticm structure

1124 and an cdgc of at least one of second pattern structures 1128,

thizal At step 1108 (not diustrated 1o Fig. 11), an mmsulating laver 1s formed on first
clectrode laver 1134 and first electrode laver |138.

EHikS E At step 1110 (not thustrated 1n Fig. 11}, the cvaporation tool 1s used to evaporate
the matenal on first pattern structure 1124 based on second evaporation direction 1140 {o
generate seccond electrode layer 1142 and to evaporate the matenal on second paticm
structures 1128 based on second evaporation direction 1144 {the same as second ¢vaporation
direction 11440} to gencrate second clectrode laver 1146, Second evaporation direction 1144
{the same as second evaporation direclion 1140) can be substantially paralict {e.g.. within an
crror range of =27} to another cdge of first pattern structure | 124 and another edge of at least
on¢ of sccond pattern structures 1128,

tHik P4 In some embodiments, first evaporation direction 1132 (the same as first
cvaporation direction 1136} can be perpendicular {o seccond evaporation direction | 140 (the
same as second cvaporation direction 1146) to ensure that the size miormation of the
generated Josephson junction meets a preset requarement, and (o prevent a ling width size of

the generated Josephson junction from becommg thinner,
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THi Ry At step 1112 (not sHustrated mn Fig. 11}, double-laver photoresist laver 1118 15
removed o obtain Josephson junchions, mciuding fivst Josephson junction 1126 and second
Josephson junciions 1130, First Josephson junction 1126 can mnclude tirst electrode layer
1134, the msulating laver, and second electrode laver 1142, Second Josephson junction 1130
can mclude first electrode layer 11233, the insulating layer, and second clectrode laver 1146,
EHIRE ¥ It should be noted that. due o the correspondence between the junction arca of
{irst Joscphson junction 1126 and electrical teatures {e.g., electromagnetic ficld cnergy
density, capacitance, or mductance ), when first Josephson junction 1126 15 prepared by
process 110G, the mfluence of the change 1 the photoresist thickness and the change i the
evaporation angle on first Josephson junction 1126 can be effectively reduced. In such cases,
the junction area of a Josephson pmction can only be elated to the lime width corresponding
to first paticm structure 1124, thus effectively ensuring high-quality preparation operation of
the Josephson juncions.

EHERSY After the Joscphson junction 1 generated, mask plate 1122 can be removed. In
some embodiments, mask plate 1122 can be removed using an organic solvent or a high-
trequency vapor phase efchung method. Those skitied in the art can use other methods o
remove mask plate 1122, as long as it ensures that mask plate 1122 ¢an be removed stably
and eftectively, which will not be detailed herein.

FHEG At step 1114 {(not diustrated 1o Fig. 11}, after first Josephson junction 1126 and
second Josephson junctions 1130 are obtained, first Josephson junction 1126 and sccond
Josephson junctions 1130 can be used {o prepare a superconducting device. By way of
cxarmple, second Josephson junctions 1130 can be connected m series, and second Josephson
junctions {130 can be connected m paralicl to first Josephson junction 1126, sothata
superconducting device with an adjustable magnetic Hlux can be generated. The

superconducting device can have a long correlation time.

.
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{BO87 The techmeal solution described mn association with Fig, 11 can ensure that first
Josephson junchion 1126 and sccond losephson junctions | 130 are prepared simultancousty.
Moreover, durnng generation of a first electrode layer {e.g., first electrode layer 1134 or furst
clectrode laver 113%) and a second electrode laver (o.g., scoond clectrode laver 1142 or
second clectrode laver 1146}, a first evaporation direction {¢.g., first evaporation direction
11372 or first evaporation direction 1136} can be substantially paraliel {¢.g., within an ervor
range of +2°} to an edge of first pattem structure 1124 and an edege of at least one of second
patiem structures 1128, Also, during generation of the first electrode layer and the second
clectrode laver, a second cvaporation duechion {¢.g., second evaporation direction 1140 oy
second evaporation direction 1i44) can be substantially parallel {¢ g, within an error range of
+27% to another edge of first pattem structure 1124 and another edge of at least one of second
pattern structures 1128, By doing so. the influence of the evaporation direction or the
milucnce of the thickness of the photoresist on the guality of the Josephson junciion {¢.g.. an
arca of the Josephson junction, a entical current of the Josephson janclion, or @ non-
superconducting normal-state resistance of the Josephson junction) can be reduced.
Accordingly, the quality of fust Josephson junction 1126 and second Josephson junctions
1130 can be ensured, and the untformuty and vield of preparning losephson pnctions ¢an be
iproved.

[BORK] Fig. 12 15 a schematic structural diagram ilustrating an apparatus 1200 for
prepanng a Josephson junction, consistent with some embodiments of this disclosure.
Apparatus 1200 can be used for prepanng a water-level Josephson junction. In some
cmbodiments, apparatus 1200 can perform any of methods 600, 700, Y00, or 1000 descenibed
in association with Figs, 6-7 and ¥Figs, 8-10. As shown m Fig, 12, apparatus 1200 can include
an acquisition module 1202, an evaporation module 1204, a generation module 1206, and a

preparation module 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
moduics and hardware moduics.

FHERIE Acquisiiion module 1202 can be configured (o obtamn a first patiern structure for
generating a first Josephson yunction of a fivst type and a plurality of second pattern structures
for ecnerating a plurality of sccond Joscphson punctions 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.

J{3% Evaporation module 1204 can be configurcd to causc apparatus 1200 to evaporate
a matenal on the first pattern structure and the plurality of second pattern struciures based on
a first evaporation direction {0 generate a first electrode layer for implementing mtormation
transmission. The first evaporation duection can be substantially paraliel {¢.g., withm an error
rangc of +27} to an cdge of the first pattern structure and an edge of at {east one of the
phurality of sccond paticrn structures.

{5891 Generation module 1206 can be configured (o cause apparatus 1200 to form an
insulating laver on the fst electrode laver. The msulating layer can include a compound
corresponding to the matenal

THY Evaporation module 1204 can be turther configured o cause apparatus 1200 {o
cvaporate the matenal on the first pattem structure and the plurality of sccond patiemn
structures based on a second ovaporation direction to generate a second clectrode layer for
mmplementing mtormation transmission. The sccond evaporation dirgction can be
substantially paraliel {¢.g., within an error range ot £2} {0 the edge of the first pattem
structure and the ¢dge of the at jcast one of the plurality of second pattern structures.

Ji 3] Preparation module 1208 can be configured {o cause apparatus 1200 to form the

first Josephson junction bascd on the first ¢lectrode laver generaled on the first patiem

-
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structure, the msuiating laver, and the sccond clectrode laver generated on the first patiem
structure, and to form the plurality of second Jascphson jumctions based on the first clectrode
faver generated on the plurality of second pattern structures, the mnsulating layer, and the
second clectrode laver generated on the phurabity of second pattem structures.

THIZE Y In some emboduments, the junchion area of the first Josephson junction can be
smaller than or equal to a presct arca, and the junction arca of the at lcast one of the plurality
of second Joscphson janclions can be greater than the preset area.

LHINAY In some embodiments, to obtam the first pattern structure and the plurality of
second pattern structures, acquisifion module 1202 can be configured to cause apparatus 1200
to obtamn a mask plate for preparing a waler-level Josephson junction. The mask plate can
include a first mask region for prepanng the first Josephson junction and a phurahity of second
mask regions for preparing the plurahity of second Josephson junctions, Acguisition module
1202 can be further configured {o cause apparatus 1200 to obtan the first pattern structure
through the first mask region, and to obtan the plurality of second paticrn structures through
the plurality of second mask regions.

LHESY in some embodiments, to obitaim the tirst pattern structure and the plurality of
second pattern structures, acquisition module 1202 can be turther configured to cause
apparatus 1200 to obtan a substrate structure, to torm a photoresist laver on the substrale
structure, and to pertonu cfching on the photoresist laver through the mask plate to obtam the
first pattem structure and the pluraliy of sccond pattern structures.

36U 7 | In some embodiments, acguisition module 1202 can be configured {0 cause
apparatus 1200 (o obtam an electnical parameter tor defining the first Josephson junction.
Evaporation module 1204 can be configured to deternune a junction arca ot the first

Josephson junction based on the electnical parameter. By way of exampie, the electncal
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parameter can include at least one of electromagnetic ticld energy density, capacitance, or
inductance.

iR in some cmbodiments, acouusition module 1202 can be configured to cause
apparatus 1200 to obtain an evaporation angle for preparing the phurabity of second Joscphson
unctions. 'The evaporation angle can correspond (o af feast one of the first evaporation
direction or the sccond cvaporation direction. Evaporation moduic 1204 can be configured to
determine a designed punction area associated with the phurality of second Josephson
sunchions based on the evaporation angle.

RS In some crbodiments. to deternune the designed junction arca, ¢vaporation
module 1204 can bie further configured o cause apparatus 1200 to obtain thickness
information of the photoresist layer for prepanng the plurality of sccond Josephson junchions,
and to deterpune the designed junction area based on the thickness mformation and the
cvaporation angle. The designed junction arca can be greater than or equal to a junchion arca
of at least one of the plurality of second Josephson pmnctions.

LHERH In some embodiments, to deteroune the designed junction arca, ¢vaporation
moduic 1204 can be further configured to obtamn a cosinge value corresponding {0 the
evaporation angic, to detcrmine the product vahie of the cosine value and the thickness
information, and to determine the designed junction arca based on the product value.

{181} In some embodiments, an angle tormoed between the first evaporation direction
and a gravity direction 1s greater than or cqual to 107, and less than or equal to 607 In some
cmbodiments, the first evaporation direction s perpendicular to the second evaporation
direction. In some emboduments, the plurality of second Josephson junctions are connected n
seres, and the Girst Joscphson junction 18 connected in paralicl to the plurahity of second
Josephson junctions. In some embodiments, the material comprises at lcast one of aluminoam,

binary ninde, lernary nmitride, or compostic oxade.

A
R
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{3121 {Consisient with some embodiments of this disclosure, the structure of apparatus
200 10 Fig. 12 can be implomented as an electronic device. The electromc device can
include various devices such as a mobue phone, a tablet computer, or ascrver. Kig. 13A 15 a
schematic structural diagram tthustrating an electromc device 1300A for preparing a
Josephson junction, consistent with some embodiments of this disciosure. As shown m Fig.
13A, clectronic device 1300A can include a processor 1307 and a memory 1304, Memory
1304 can be used to store a program (¢.g., including one or more computer mstructions) for
clectronic device [300A {0 perform a method for preparing a Josephson junction, such as
methods 606G, 700, 900, or 1000 descrnibed m association with Figs. 6-7 and Figs, 9-18
Processor 1302 can be configured to execute the program stored i memory 1304, Electronic
device 1300A can also mclude communication mtertace 1306 for electronic device 1300A o
coramunicate with another device or a communicaiion neiwork.
(G143 Consistent with some embodiments of this disclosure, ¥ig. 13B 15 a block diagram
of an example system 13008 for operating a quantum circui, consistent with some
cmbodiments of this disclosure. In some emboduments, systern 13008 can mclude a computer
{c.g.. a classical computer} configured 1o execute operations for operating a quantum circuit
as described m association with Figs. 6-12. As depicted 1n Fig. 138, svstem 13008 1ncludes a
processor 1308 that can be i operable connection with a memory 1310, an wmput/output {(1/0)
module 1312, and a network mterface controlicr (NIC) 1316,
{3104} When processor 1308 executes mstructions described herein, system 13008 can
become a specialized machine for prepanng a Josephson jnction. Processor 1308 can be any
type of circuitry capable of manipulating or processing mformation. For example, processor
1308 can mclude any combination of any number of 3 ¢central processing unit {or "CPU™), a
graphics processing unit {or “GPUT), a newral processing unit ("NPU™), a mmcrocontrolier

untt {MOUT), an optical processor, a programmabie logic controlier, a microcontroller, a
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microprocessor, a digital signal processor, an micliectual property (IP) core, a Programmable
Logic Array {(PLA), a Progranumable Array Logic (PAL), a Genenc Array Logic (GAL), a
Complex Programmable Logic Device (UPLD}, a Feld-Programmable Gate Amay (FPGA), a
System On Chip (5o}, an Apphcation-Specitic Integrated Cirant {ASICY, or the like. In
some embodiments, processor 1308 can also be a set of processors (not shown in Fig. 158)
orouped as a single logical component.

EHERIAY Memory 1310 can mchide a single memory or a phurality of memornies that can be
contigured {0 store data 1312 {e.g., a set of mstructions, computer codes, miermediaie data, or
data for cutput). Memory 1310 can include a high-speed random-access storage device or a
non-volatile storage device. In some embodiments, memory 1310 ¢an mclude anvy
combmation of any number of a random-access memory (RAM), a rcad-only memory
(ROM), an optical disc, a magnetic disk, a hard dnive, a sohd-state dnive, a flash dnve, a
security digital {513} card, a memory stick, a compact tlash {({F) card, or the like. Memory
1310 can also be a group of memories (not shown m Kig. 138} grouped as a single logieal
component. Processor 1308 can access the program mstructions and data 1312, and execute
the program mstructions to perform an operation or mampulation on data 1312 As depicted
in Fig. 138, memory 1310 can store an operating system 1318 and a Josephson junciion
preparer 1320, For example, Josephson yjunction preparer 1320 can include mstractions to
mplement the method described 10 association with Figs, 6-12 1o prepare a Josephson
unction.

{31861 For case of explanation without causing ambiginty, processor 1308 and other data
processing circuils are collectively reterred to as a “data processing circuit” in thas disclosure.
The data processing circuit can be umplemented entirely as hardware, o1 as a combination of

software, hardware, or firmware. In addition, the data processing circuit can be a smgle
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imdependent module or can be combined entirely or partially into anv other component of
system 13008,

{167 input/cutput module (170} 1314 can store and retnieve data trom a database 1322
For example, database 1322 can mclade data structures describing guantum circuts and daia
structures describing quanturm gates. NIC 1316 can provide wired or wirgless commurcation
between system 13008 and a network (¢.g.. Internct 1324, an intranct, a local arca network, a
mobile commmncations network, or the ike}. System 1300B can receive data and
imstructions over a network using NIC 1316 and can {ransmit data and mstrucions over a
network using NiC 1316, In some embodiments, NIC 1316 can include any combination ot a
radio frequency {RE) module, a transpondcer, a transceiver, a modem, a router, a gateway., a
wired network adapter, a wireless network adapter, a Bluctooth adapter, an wfrared adapter, a
ncar-ficld communication (NEFU ) adapter, or a cellular network chip.

[G1GR] As depicted 1n Fig. 138, system 13008 can also commumicatively coupic with
{c.g., via /0 1314 or NIC 1316} a guantum computing device 1326, In some embodiments,
system 3008 can be a classical computer {¢.g., a desktop computer, a laptop computer, or a
tablet computer) that 15 mdependent from guantum computing device 1326, in some
embodiments, svstem 13008 can mclude classical computing deviees {€.g., processor 1308,
memory 1310, VO 1314, NIC 1316, or database 1322} and quantum computing devices {8.g.,
mcliding guantum computing device 1326). Quantum computing device 1326 can mehude
any munber of any type of quantum circudds (that include quantim gates) for operating on
gubits as well as pernipheral devices {e.g., cryostats, laser gencrators, electric oscillators) for
maintaming and supporing the guantum arrcwts. In some embodiments, guanium computing
device 1326 can mehude hardware components functioming as a quantim data plane for
preparing and storing qubits, a control and measurement plane tor execuling operations on

the qubits and measunng the resulting gubits, and a control processor plane for deteminmg
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the sequence of operations and measurements based on an algonthm or measurement
outcomes. When system 13008 15 a classical computer, i can assist gquantum computing
device 1326 for network access {¢.g., via NIC 1316), large storages {¢.g., using databasc
1316}, and yser wteractions {e.g., via [/ 1314},

LHLY {Consistent with some embodiments of this disclosure, Fig. 130 15 a schematic
diagram illustrating an example guantunm controlicr 1328 for operating {¢.g., confroiling
gubits tor computation, controlling gubits for compiling, or any manipulation of qubit)
guantum circuits {¢.g., guantum circwt 1330, as shown)., Quantum circuit 1330 can include
one or more qubits. In the non-hmiting exampie depicted m kg, 130, guantum circut 1330
can mchude gubis 1332 and 1334 For example, qubits 1332 and 1334 can be fluxonnum
gubits. To continue this example, cach of qubits 1332 and 1334 can be implemented using a
Josephson junction {¢.g., Josephson junction 1336 or 1338) shunted by a capacitor {(¢.g..
capacitor 1340 or 1342} and an mnductor {¢.g.. inductor 1344 or 1346}, Each of mductors
1344 and 1346 can be realized by an array of Josephson junctions (not shown in Fig, 13().
Fach of gqubits 1334 and 1334 can be constructed to operate at a tocal mmimum n frequency
with regards 1o a biasing magnetic fhux, In thus non-limiting example, qubits 1332 and 1334
can be coupled using a capacitor 1348, implementing fransverse resonant coupling {(c.g..
charge-coupled, or the like} between qubits 1334 and 1334, Such coupling can require
ahiznment of the qubit frequencies. When quantum circuit 1330 15 not m operation, qubits
1332 and 1334 can be mamntaimed as diffcrent trequencies.

J31 §4 in some embodiments, guanbuwm circuit 1330 can be realized using a chip
contatming qubits 1332 and 1334 as well as their couphing in between. In some embodiments,
gquantum circuit 1330 can be implemented as a chip in quantum computing device 1326 n

Fig. 13B.
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LHIRRE In some embodiments, the chip can mchide one of more couplings (o a quantum
controlicr 1328 {Juantum controlicr 1328 can be a digital computing device (.., a
computing device including a contral processing unit, graphical processing umii, application
specific tntegrated airawt, held-programmable gate array, or other suitable processor).
Quantum controller 1328 can conhigure quantumn circuit 1330 for computation {¢.g., by
mantpulaiing qubits 1337 and 1334}, provide computational gates, or read state mformation
out of guantum circoit 1330

{31121 Consisient with some embodiments of this disclosure, guantum controlicr 1328
can configure guantum circuwit 1330 by enabling a gate operation to be performed on ong or
more gubits of circuit guantum 1330 {¢.g.. including guiits 13372 and 1334). In some
cmbodments, guantum circuit 1330 can be configured by providing one or more bas drives
to move two gubats into resonance. Quantum controlier 1328 can provide the one or more
bias drives directly to circuit 1330, or can provide mnstructions to a bias drive source {¢.g..
wavetonmn gencerator or the like}, causing the bias drive source to provide the bias drives (o
circiit 1330, In some embodiments, providing the bias dnve can include passing a current
through a coil external to carcuit 1330, In various emboduments, providing the bias dnve can
include passing a current through a coil on the chip. The disclosed embodiments are not
Lnited to a particalar method of providing the bias dnve or a particular method of biasing the
qubits.

{3113 Consistent with some embodiments of this disciosure, quantum controiier 1328
can implement computational gates on circuit 1330 Quantom controller 1328 can implement
such gates by providing one or more computational drives to corresponding gubits m circutd
1336, or by providmg mstructions to a computation dnve source {(€.g., a waveform generator
or the like}, causing the computational dnve source {0 provide the one or more computational

drives fo circuit 13360, Such computational drives can mchude nuerowave drives. The
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computational drives can mchide sinusoidal waves, square waves, pulse {rams, or other
gquantum gate drives having parameters sciected by the guantum controller 1328 o mmplement
guantum gates on the gqubits. The one or more computational drives can be provided o the
corresponding gubits using one or more cotls coupled to the corresponding gqubits. The coils
can be external to circuit 1330 or on a chip contawung circust 1330,

HISEY Consistent with some embodiments of this disciosure, quantum conftroiier 1328
can be contigured to deternming state wnformation for quantum circuit 1330, In some
cmbodiments, guantum confroller 1328 can measure a state of one or more qubits of circuit
1320, The state can be measured upon compietion of a sequence of onc or more quantum
cperations. in some embodiments, quantum controler 1328 can provide a probe signal {(¢.2.,
a microwave probe tone) to a coupled resonator of circuwt 1330, or provide mstructions to a
readout device {¢.g., an arbitrary wavetorm generator) that provides the probe signal. In
various embodiments, quantum controlier 1328 can mclude, or be configured to receive
imformation from, a detector configured o determine an amplitude and phase of an output
signal received from the coupled resonator in response o provision of the microwave probe
tone. The amplhitude and phase of the output signal can be used to determine the state of the
probed qubit{s}. The disclosed embodiments are not inuted {o any particular method of
measuring the state of the qubits.

{3115 the disclosed embodiments are not limited to embodiments 1 which guantum
controlier 1324 controls only a single quantum ¢ircutt. In some embodiments, guantum
controlier 132% can control multiple guantum circats {(which can be identical in
implementation or can ditfer in implementation). For example, quantum controlier 1328 can
controi a first, transmon-qubii-based quantum circuit and 3 second, Nuxomum-qubit-based
guantum cirant. In some embodiments, quantum controlier 1328 can be capable of

mdependently controlling the multiple quantum arrcwits. In some mstances, for example, cach
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of the multiple guantum circuits can be pertormng different, contemporaneous computations.
in vanous mstances, the multiple quantum circuit can be 1nvolved m the same computation
{e.g.. parallc]l computations, or the like}.
31116} {onsistent with some embodiments of this disclosure, quantum controllier 1328
can contigure quantum circuit 1330, and can provide computational gates to cireunt 1330,
bascd at lcast in part on the obtained state information. In some embodiments, quantium
controller 1328 can be included as part of computing device 13261 Fig, 138
{81374 Fig. 14 15 a schematic diagram dlustrating a superconducting device 1400,
counsistent with some embodiments of this disclosure. {n some embodiments, the magnetic
tlux of supecrconducting device 1400 can be controllable. As shown in Fig, 14,
superconducting device 1400 can mclude a first Josephson junction 1402 of a first type
connected m parallel to a plurality of second Josephson pmctions 1404 a second type. decond
Josephson junctions 1404 arc connected i senies. By way of example, first Josephson
sunction 1402 and sccond Josephson junctions 1404 can be generated by performiing at least
one of methods 604, 700, Y00, or 1000 desenibed in association with Figs, 6-7 and Figs, 9-10.
{31181 {onsistent with some cmbodiments of this disciosure, a non-transitory compuier-
readable storage mednim for stormg computer software mstructions used by an apparafus is
provided herein. The non-transitory computer-readable storage medium can mclude programs
for periforming a method tor prepanng a Josephson junction or process disclosed hercm {€.¢..
methods 600, 700, 900, or 1000 described 1n association with Figs, 6-7 and Figs, 9-18).
3119 ‘the embodiments can hurther be descenibed using the following clauses:

1. A method for preparing a losephson junction, the method comprising.

obtaimning a nitst pattern structure tor generating a fitst Joscphson junction of a first

type and a plurality of second pattem structures for gencrating a plurahity of second
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Josephson junctions of a second type, wheremn a junction arca of the first Josephson junction
is diffcrent from a junction arca of at {east one of the plurality of second Josephson junchions;

cvaporating a material on the first pattern structure and the plurality of second
pattem structures based on a first evaporabion direction {0 gencrate a first electrode layer for
implementing mformation transnussion, wherein the first evaporabion direction 18
substantially parallel to an edge of the first pattern structure and an edge of at icast one ot the
plurality ot second paticrn structures;

formung an msulatng laver on the first electrode laver, the msulating laver

comprising a compound corresponding to the matenal;

cvaporating the matenal on the first pattormn structure and the plurality of second

pattern structures based on a second evaporation direction o generate a second electrode
laver for implementing information transmission, wherein the second cvaporation direction is
substantially paraliel to the cdge of the first pattem struchire and the edge of the at least one
of the plurality of second pattern structures: and

formung the first Josephson junction based on the first electrode fayer generated on
the furst paticm structure, the msulating faver, and the second electrode fayer generated on the
first patiern structure, and formmmg the phurabity of second Josephson yuncltions based on the
first electrode layver generated on the plurality of second patiern structures, the msulating
taver, and the second electrode tayer gencrated on the plurality of second patiern structures.

2. The method of clause 1, wherein the junction arga of the first Josephson
nunction is smaller than or equal {0 a preset arca, and the yunction arca of the at least one of
the plurality of second Josephson junctions 1s greater than the preset area.

3. The method of any of clauses -2, whercin obtaming the first pattern structure

tor gencrating the first Josephson junction of the first type and the plurality of sccond paticrn
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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 watcr-tevel Josephson junction, the mask
plate compnsing a first mask region for preparing the first Josephson junction and a plurality
of sccond mask regions for preparng the plurality of second losephson junchions; and

obtainmg the first pattern structure through the first mask region, and obtaming
the plurality of second pattern structures through the plurality of second mask regions.

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

obtammg a substrate structure;

formimng a photoresist layer on the substrate structure; and

performing ¢tching on the photoresist faver through the mask plate to obtain the
first pattemn structure and the plurality of second pattern structures.

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

6. "the method of clause 5, wherein thickness of the upper photoresist laver 18
greater than thickness of the lower photoresist layver,

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

obtaining an ¢lectrical parameter for dehining the first Josephson junction; and

determning a junction arca of the first Josephson junction based on the electrical
parametier.

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

9. The method of any of clauses 1-8, turther comprising:
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obtaming an evaporation angle for prepanng the plurality ot second losephson
sunchions, wherein the evaporation angie corresponds {0 at lcast one of the first cvaporation
direction or the second evaporation dircction; and

determimng a designed junchon area assocated with the plurality of second
Josephson junctions based on the evaporation angle.

10, The method of clause 9, wherein deternuning the designed junction arca
associated with the plurality of second Josephson punctions based on the evaporation angle
COMPIISes:

obtamning thickness miormation of a photoresist layer for prepanng the plurality of
second Josephson junctions; and

determinmng the designed junction arca based on the thickness mformation and the
cvaporation angic, whercin the designed junction arca 15 greater than or egual 1o a junciion
arca of at icast one of the plurahity of seccond Josephson punctions.

11, The method of claase 10, wheremn determining the designed junction area
based on the thackness intormation and the evaporation angle comprises:

obtaining a cosine value corresponding to the evaporation angie;

determimng a product valae of the cosme vahue and the thickness mformation; and

determinng the designed junction arca based on the product value,

iZ2. The method of any of clauses 9-11, wherem the evaporation angle comprises a
first evaporation angle corresponding to the first evaporation direction or a second
cvaporation angle corresponding 10 the second evaporation direchion.

13, The method of any of clauses [-12, wheren an angle formed between the first
evaporation direction and a gravity direction i1s greater than or equal to 10°, and less than or

cqual to 607,
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14, The method of any of clauses 1-13, wherem the first evaporation direction 1s
perpendicular 1o the sccond evaporation direction.

153, The method of any of clauses 1-14, wheremn the plurality of second Josephson
janctions are conmected m series, and the first Josephson junction 1s connected m paraliel to
the plurality of second Josephson junctions.

16, The method of any of clauses 1-13, whercin the material comprises at igast
one of alominum, binary nitnde, temary mitride, or composite oxide.

V7. An apparatus for preparmg a Josephson junction, the apparatus comprising at
icast one circuitry condigured for

obtamming a first pattern structure for gencrating a first Joscphson junction of a {irst
tvpe and a plurality of second pattern structures for generating a plurality of second
Josephson junctions of a second tvpe, wherein a junction arca of the first Josephson junction
is ditterent from a junction arca of at least one of the plurality of second Josephson junctions;

causing the apparatas {0 evaporaie a materal on the hirst pattern structure and the
pluraiity of second paticrn structures based on a first evaporation direction to generate a first
clectrode laver tor inpiementing miformation transmission, wherein the first evaporation
dircction 1s substantially parallel {o an cdge of the first pattemn structure and an edge of at
icast one of the plurality of sccond paticm structures;

causing the apparatus o Torm an msulating laver on the fust electrode laver, the
mswiating laver comprising a compound corresponding to the matenal;

causing the apparatus 1o evaporate the material on the first pattern struchire and
the plurality of second pattem structures based on a second ¢evaporation direction to generate
a second clectrode laver for mmplementing intormation transmission, wherein the seccond
cvaporation direction 1s substantially parallel {0 the cdge of the first pattem structure and the

cdge of the at least one of the plurality of second pattem structures; and
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causing the apparatus (o torm the first Josephson junction based on the first
clectrode laver gencrated on the first paticm structure, the msulating layer, and the second
clectrode laver gencrated on the first pattem struchure, and to form the phurahity of second
Josephson janclions based on the tirst electrode layer gencerated on the plurality of second
pattern structures, the msulating laver, and the sccond clectrode laver generated on the
phurality ot sccond paticrn structures.

18, A device for preparmng a Joscephson junction, the device compnsing:

at {cast one processor; and

a memory configured to store one or more computer 1nstructions executable by the
at least one processor to cause the device to perfomm:

obtaining a first pattem structure for generating a tirst Josephson junction of a first
tvpe and a plurality of sccond patiern structures for generating a plurality of second
Josephson junctions of a second type, wherein a junction arca of the first Josephson junction
is difterent from a junction arca of at least one of the plurality of second Josephson junctions;

cvaporating a matenal on the hirst pattern structure and the plurabity of second
patiem structures based on a first evaporation direction 1o generate a tirst electrode laver for
implementing informanon transmission, wheremn the first evaporation direction 13
substantially paraliel to an edge of the first pattern structure and an edge of at least one ot the
phurality ot sccond pattern structures:

tormimng an wsulating laver on the furst electrode laver, the insulating layer
comprising a compound corrcsponding to the material;

cvaporating the matenal on the first pattern structure and the plurality of second
pattem structures based on a sccond cvaporation direction o generate a second electrode

layer for implementing information transnission, wherein the second evaporation direction 1s
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substantially paraliel to the edge of the first pattern structure and the edge of the at least one
of the plurality of second paticm structures: and

tornmng the first Josephson junction based on the first electrode laver generated on
the first pattern structure, the msulabing laver, and the second electrode layer generated on the
first pattemn structure, and forming the plurahty of second Josephson junctions based on the
first clectrode laver gencrated on the plurality of second paticn structures. the msulating
layer, and the second electrode laver generated on the phurality of second patiern structures.

19, A superconducting crrcutt sncluding a first Josephson junction of a first type
connected mn paralicl to a plurality of second Josephson junctions of a second tvpe, wheremn
the plurality of sccond losephson junctions are connccted in series, and wheremn the first
Josephson junction and the plurality of second Josephson junchions are generated by a
method, the method comprising:

obtainimg a first paticm structure for generating a tirst Josephson junction of a first
tyvpe and a plurality of second paticrn structures for generating a plurality of second
fosephson junctions of a second fvpe, wherem a junction arca of the first Josephson junclion
is different from a junction arca of at least one of the pluraldy of second Josephson junctions;

evaporating a matenal on the first pattern stracture and the plurality of sccond
pattern structures based on a first gvaporation direction fo gencerate a first electrode layer for
implementing imformation transnussion, wherein the tirst evaporation direction is
substantiallyv parallel to an edge of the first pattern structure and an edge of at icast one ot the
plurality of second paticrn structures;

formung an mnsulating laver on the first electrode laver, the msulating laver
comprising a compound corresponding to the matenal:

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

pattern structures based on a second evaporation direction o generate a second electrode
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layer for implementing mformation transmission, wherein the second evaporation direction is
substantially paraiie! to the edge of the first pattern structure and the edge of the at feast one
of the plurality of second pattem structures; and

forming the first Josephson punction based on the first electrode laver generated on
the fivst pattern structure, the msulating laver, and the second clectrode layer generated on the
first pattem structure, and forming the plurality of second Joscphson junctions based on the
first electrode layer gencrated on the plurality of second patiern structures, the msulating
fayer, and the second electrode laver gencerated on the plurality of second paticmn structures.

20, the superconducting circuit of clause 1Y, wherew a magnetic flux of the
superconducting circuit 1s controliabic.
{11128 It should be noted that the example apparatuses and devices descernibed heremn arc
only schematic, where the uniis described as separate components can or cannot be physically
separated, and the components displayed as units can or cannot be phyvsical uniis {(e.g.. can be
located m one place, or can be distribuiced to a plurality of network umits)y. Part or all of the
modules can be selected 1 accordance with actual necds {o achieve the purpose of the
solution of the present emmbodiment. Those of ordinary skl in the art can understand and
imploment the sohution of the present embodiment without creative effort.
(31211 From the descnption of the above implementations, those skilled m the art can
cicarly understand that the vanous mpiementations can be unplemented by means of
software phis a necessary 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 contnibuting {o the prior art can be embodied m the form of a computer
product. The prosent disclosure can be m the form of a computer program product

inplemented on ong or more computer-usable storage media (including, but not limited {0, a
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magnetic disk memory, a CD-ROM, an optical memory, and the hike) inciuding compuler
usabie program code.

{1221 The present disclosure is desceribed with reference to flowcharts or block diagrams
ot methods, devices, sysiems, and compuier program products m accordance with
cmbodiments of the present disclosure. It should be understood that each flow or block m the
flowcharts or block diagrams and a combination of flows or blocks in the flowcharts or biock
diagrams can be implemented by computer program instructions. These computer program
imstructions can be provided to a processor of a general-purpose computer, a special-purpose
computer, an erabedded processor, or another programmable device 1o produce a machinge, so
that the mstructions executed by the processor of the computer or another programmabic
device produce an apparatus for realizing the fumcthions specified i one or more Hiows of the
flowcharts or one or more blocks of the block diagrams.

{3123} These computer program instructions ¢an aiso be stored m a non-fransitory
computer-readable memory that can direct a compuier or another programmable device {0
wOrk in a specific manner, so that the mstructions stored n this computer-readable memory
produce an armicie of manutacture mciuding an mstruction apparatus which implements the

tunctions specified 1o one or more flows of the Howcharts or one or more blocks of the block

diagrams.
{31241 ‘these computer program mstructions can aiso be joaded onto a compuier or

another programmable deviee, so that a series of operation steps are performed on the
computer or another programmable device to produce computer-implemented processing, 80
that the mstructions executed on the compuier or another programmable device provide steps
tor implcmenting the funchions speciiicd m one or more Hlows of the tlowcharts or one or

more blocks of the block diagrams,
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{81251 In a tvpical contigurahion, the computing device mncludes one or Mmore processors
(CPUs), an mput/output interface. a network interface, and a memorv. The memory ¢can
include a volatile memory, a random access memory {RAM), or a non-volatile memory in
computer-readable media, e.g., a read-only memory {(ROM) or a Hlash RAM. The memory 13
an example of the computer-readable medium.

{3126} the non-transitory computer-readable mednim can mnclude permanent or non-
permanent, removable or non-removable media, which can implement storage of nformation
by using any method or technology. The mformation can be computer-readable mstructions,
data paticms, program moduies, or other data. Examples of computer storage media include,
but arce not limited to, a phase change memory {PRAM), a static random access memory
{(SRAM)}, a dynamic random access memory {BRAM), other tvpe of random aceess memory
{(RAM]}, a read-only memory {ROM), an clectnically erasable programmable read-only
memory {EEPROM), a tlash memory or other memory technologies, a compact disc read-
only memory {{CD-ROM}, a digital versatile dise (DY) or other optical sforage, a cassctie
magnetic tape, tape and disk storage or other magnetic storage devices, or anv other non-
transmission media, which can be configured to store mformation aceessibic by a computing
device. As defined herein, the non-transitory computcr-readable mednim does not mchude
computer-readable transitory media, such as a modulated data signal and a carrier.

{31271 Finally, i should be noted that the above embodiments are only used to tlustrate
the technical solutions of the present disclosure, and are not mitended to hunit the present
disclosure. Although the present disclosure has been descernibed in detail with reference to the
toregoimng emboduments, those of ordinary skill in the art should understand that the technucal

sofufions recorded m the foregoing varous cmbodunents can still be modiicd, or some of the

technical teatures thercot can be cquivalently replaced. 'These modifications or replacements
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do not cause the essence of the corresponding techmcal solutions to deviate from the spint

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

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

obtamnmg a first patiern structure for generating a first Josephson junction of a first
tvpe and a plurality of second pattern structures for generating a plurality of second
Josephson punctions of a second type., wherein a junction arca of the first Josephson junction
is different from a junction area ot at least one of the plurality of sccond Josephson punctions;

cvaporating a matenal on the first pattem structure and the plurality of sccond patiem
structures based on a first evaporation direction to generate a first electrode layer for
implementing mformation transmission, wherein the first evaporation direction is
substantially paraliel to an edge of the first pattern structure and an edge of at least one of the
phurality of sccond patiern structures;

formung an msulating layer on the first electrode {aver, the insulating layer comprising
a compound corresponding to the material;

cvaporating the matenal on the first pattern structure and the plurahity of second
paticm structures based on a sccond cvaporation direction 1o generate a second electrode
layver for implementmge mnformation transnuission, whercin the second evaporation direction 1S
substantially parallel to the edge of the first pattern structure and the edge of the at least ong
of the plurality of second pattern structures; and

formung the first Josephson junction basad on the first clectrode layer generated on the
first pattem structure, the msulating laver, and the second electrode layer gencrated on the
fivst pattern structure, and forming the plurality of second Josephson junctions based on the
first clectrode laver generated on the plurality of sccond pattern struciures, the msulating

tayer, and the scoond clectrode laver generated on the plurality of second pattem stnichires.
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2. The method of claim 1, wherein the junction arca of the first Josephson junction 1s
smalicr than or cqual {0 a preset arca, and the junction arca of the at least one of the plurabity

of sccond Josephson junctions 1s greater than the presct arca.

>

3, The method of claim 1, wherem obtatung the first pattern structure for generating the
first Josephson junction of the hirst type and the plurality of second pattem structures for
generating the plurality of second losephson nmctions of the second type comprises:
obtasming a mask plate for prepanng a water-level Tosephson junction, the mask plate
comprising a first mask region tor prepanng the first Josephson junction and a plurality of
second mask regions for preparnng the pluralitv of second Josephson junctions; and
obtaining the first pattern structure through the first mask region, and obtammng the

phirality of second paticrn structures through the plurality of second mask regions.

4 The method of clatm 3, wherem obtamning the first pattern stracture through the first
mask region, and obtaming the plurality of second patiern structures through the plurality of
second mask regions Comprises:

obianmg a substrate structare,

fornung a photoresist laver on the substrate structure; and

periorming etchmg on the photoresist iayver through the mask plate to obtam the first

pattern structure and the piurality of second pattern structures,

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

faver and a lower photoresist laver.

5. The method of claim 5, wherem thickness of the upper photoresist laver s greater

48
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than thickness of the lower photoresist layer.

7. The method of claim 1, further comprisimg:
obtamnimng an electrical parameter for definmg the {irst Josephson junction; and
determuning a yunction area of the first Josephson junchion based on the electrical

parameier.

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

clectromagnetic ficld energv density, capaciance, or mductance.

2 The method of clanm 1, further comprising:

obtamming an ¢vaporation angle for preparning the plurality of second losephson
ninctions, wherein the evaporation angle corresponds to at least one of the first ¢vaporation
direction or the second evaporation direction; and

determining a designed junchion area associated with the plurahity of second

Josephson juncions based on the evaporation angle.

10 The method of clanm 9, wheremn determunmg the designed junction area associated
with the plurality of second losepbson junctions based on the evaporation angie comprises:
obtaming thickness mformation of a photoresist layer for preparing the plurality of
sccond fosephson junchions; and
determinmg the designed junction arca based on the thickness imformation and the

evaporation angic, wheremn the designed junction area i1s greater than or equal {o a junction

arca of at feast one of the plurabity of second Joscphson junclions.



WO 2022/093618 PCT/US2021/055996

it The method of claim 10, wherein deternuning the designed junchion arca based on the
thickness mmformation and the evaporation angle comprises:

obtainmg a cosing value corrgsponding to the evaporation angic;

deternnimg a product value of the cosine value and the thackness information; and

determning the designed junction area based on the product value.

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

correspondmng to the second cvaporation direction.

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

direction and a gravity ducction 1s greater than or equal to 107, and less than or equal to 60°.

14 The method of clamm 1, wheremn the first evaporation direction 18 perpendicular {0 the

second evaporation direction.

15, 'The method of claam 1, wherein the plurality of second Josephson pmcthions are
connected n senes, and the fivst Josephson juncltion 1s connected m parallel to the plurahty of
sccond Josephson junctions.

i6. The method of claim 1, wheremn the maicnal comprises at least one of ahimimum,

bmary nitride, termnary nutnide, or composite oxade.

17.  An apparatas for preparing a Josephson yjunction, the apparatus comprsing at least

one circwitry configured for
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obtamming a first patiemn structure for generating a first Josephson junction of a first
tvpe and a plurality of second pattern structures for generating a pluralidy of second
Josephson yunctions of a second tvpe, wheren a junction arca of the first Josephson pmction
1s different trom a junction arca of at least one of the plurahity of second Josephson junclions:

causing the apparatus {0 evaporale a matenal on the first pattemn structure and the
phlurality ot sccond paticrn structures bascd on a first evaporation direction to gencrate a first
clectrode laver for implementing mfornmation transnussion, wherein the first evaporation
divection 1s substantially parallel to an edge of the first patiemn structure and an edge of at
icast ong of the plurahty of second pattern structures:

causing the apparatus {o form an insulating laver on the first electrogde laver, the
msuiating layer comprising a compound corresponding 1o the matenal;

causing the apparatus to evaporate the material on the first pattern structure and the
phirality of second patiern structures based on a sccond evaporation direction {0 generate a
second electrode laver ftor implementing information transmission, wheremn the second
cvaporation direchion is substantially paraliel to the edge of the first pattem structure and the
cdge of the at least onc of the plurality ot second pattern structures; and

causing the apparatus (0 form the first Josephson junction based on the first electrode
tayer generated on the first patiern structure, the msulating laver, and the second electrode
laver gencrated on the first patiem structure, and to form the plurality of second Josephson
nnctions based on the first clectrode laver generated on the plurality of second pattern
struchires, the msulating layer, and the second clectrode laver generated on the plurahity of

second pattern structures.

18, Adevice for preparmg a Joscphson junction, the device compnsing:

at least one processor; and
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a memory configured o store a set of mstructions that are executable by the at least
ONG Processor to cause the device 1o pertorm:

obtaining a first pattern structure for generating a furst Josephson junchion of a
first type and a plurabity of second pattern structures for generating a plurality of
seeond Josephson junchions of a second tyvpe, wherem a junction arca of the first
Josephson nmction 1s different from a pumction arca of at least one of the phurality of
second Josephson junclions;

evaporating a material on the first patiern structure and the plurality of second
patiemn structures based on a first evaporation direction to gencrate a first electrode
layer tor implementing mformation fransmission, wherem the first evaporation
direction 1s substantially parallel to an edge of the first pattern structure and an edge
of at least one of the plurality of second patiem structures;

forming an msuiatig layer on the first ciectrode laver, the msulating layer
comprising a compound corresponding {0 the maternal;

evaporating the matenal on the first pattern structure and the plurahity of
second pattern structures based on a second evaporation direction to generate a second
clectrode layer for implementing mformation transmission, wherein the second
cvaporation direction 1s substantially paraliel to the edge of the first pattern structure
and the edge of the at icast one of the plurality of second pattern structures; and

fornung the first Josephson pmction based on the first electrode laver
cenerated on the first pattern structure, the insulating layer, and the second clectrode
layer generated on the first pattern structure, and formung the plurality of second
Josephson yunctions based on the first electrode laver generated on the phurality of
scoond pattern stroctures, the msulating layver, and the second electrode layer

gencrated on the plurality of second pattemn structures.
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19, A superconducting circuit including a first Joscphson junction of a first type
connected m parallel to a plurakitv of second Joscphson junctions of a second type, wherein
the plurality of second Josephson junctions are connecied mn series, and wherem the first
Josephson junction and the plurality of second Josephson junchions are generated by a
method, the method comprising:

obtannng a first patiemn structure for generaning a first Josephson junction of a first
tvpe and a plurality of second paticr structures for generating a plurality of second
Josephson junchions of a sccond fype, wherem a junction arca of the first Joscphson junction
1s different trom a junction arca of at lcast one of the plurality of second Josephson junciions;

cvaporating a material on the first pattern structure and the plurahity of second pattern
structures based on a first evaporation direction to generate a first electrode laver for
mmplementing mitormation transmission, wherem the first evaporation direction 1s
substantially parallel to an edge of the first pattern structure and an edge of at lcast ong of the
plurality of second patiern structures;

torming an msulating faver on the frst clectrode laver, the msulating laver comprising
a compound corresponding (o the material;

cvaporating the matenal on the first patiem structure and the plurality of second
pattern structures based on a second evaporation direction {0 gencrate a second electrode
layer for implementing miformation transmission, whergin the sccond evaporation direction is
substantially parallel to the cdge of the first pattern structure and the edge of the at least one
of the plurality of second pattemn structures; and

torming the first Josephson junction based on the first clectrode layer generated on the
first paticrn structure, the msulating fayer, and the sccond clectrode layer generated on the

first pattem structure, and formiung the plurahity of second Josephson junctions based on the

AT
Lo
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fivst electrode laver generated on the plurahity of second paticrn structures, the msulating

laver, and the sccond clectrode aver gencrated on the pluraldy of sccond pattem structures.

28, The superconducting cirawt of clamm 19, wherem a magnetic Hux of the

superconducting circuit 18 controllable.
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UL

Obtamn first pattern structure {or generating first Josephson junction of first | e 602
type and plurality of second pattern structures for generating plurality of |
second Josephson junctions of second type

Evaporate matenal on {irst pattern structure and plurahity of second pattern
structures based on first evaporation direction to generate fivst electrode layer | o 604
tor implementing mformation fransmission =

Form msulating layer on first electrode layer, sulating laver comprising  L—"" HUG
compound corresponding {0 matenal

Evaporate material on first patiern structure and plurality of second pattern 3
structures based on second evaporation direction to generate second
electrode laver tor implementing mformation fransnission
610

Form furst Josephson junction and plurality of second Josephson juncions

FIG. 6
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70U

Obtain roask plate for preparing wafer-level Josephson junction, mask plate
comprising first mask region for preparing first Josephson junction and

' plurality of second mask regions for preparing plurality of second Josephson |

junctions

Obtain first pattern structure through first mask region, and obtamn phurality
of second pattern structures through plurality of second mask regions

FIG. 7
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02
{(btain electrical parameter tor defining first Josephson junction

904
Determine junction area corresponding to first Josephson junction based on

clectrical parameter

FIG. 9
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{Obtain evaporation angie for preparing plurality of second L~ 1002
Josephson junctions

N
e
N

Determine designed junciion area associated with plurality of

second losephson junctions based on evaporation angle

FIG. 10
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