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METHODFORPREPARINGAJOSEPHSONJUNCTIONAPPARATUSAND 
DEVICEANDSUPERCONDUCTINGDEVICE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

Cs 

1001)11 Th.~presentdisclosureclaimsbenefitsofandphoritvtoChinesepatent 
app VlicationNo . ~t , 20205tilLcontentotwhichYis 

* 9 ~ 

incoi.poratcdheroin'byrcfcrQnccin.itscntirctv.  

TECHNICAL FIELD 

* 

1Q0021 ThepresentdisciosurQrelatestothetechnicalfieldofsupcrconductinQcircuits..-I 

* * e 

andinparticuJar~toamothodforpropaimgaJosephsonjunetiom,. appamtus~an.ddevi.cc~and 

a.superconductingdevice.  

BACK.GW)UND 

' A 

'N 104J(J3I AJos~ sonjunctionorreterred.toasasuperconductingtunneljunctionis 

C,~en.cralivastructureinciudimztwosu.pcrconductorssandwichhwa.verythin C *1 2 

suchasaJosephsonjunctionformedbyasuperconductor(S)~insulator(J)~superconductorC 

structurerefc~rrecitoasSISA TheaboveJosephsonjunction.isakeycomponentforthe 

reatwanon appcaocx ~. qua.ii. ~r*Specificallyinasuperconducting 

quanftirncomputer5 iupcrconductiiigqubitsthatperfom~logicaloperationscanbe 

constructedbymakingtineormoreJosephson.jimctionsandaddingsomeotheradditional 

e elements(such.ascapacitanceelementsandinductanceelements)atth.csametime.  

Therefore~t the epreparationqualityoftheJoscpiisoii4 C~sthekeytothe~en.eran.onof 

superconductingqubits 

V A 

IUO[~4i At fi '1preparattonmethodfortheJosephsonjunctionusuallyusesa~mask 

0 

platetoperform.shadowevaporation.Howcver~whentheabovemethodisusedtopreparea 

I 

JosephsonjunctiomthequalityoftheJosephsonjunctionlargelydependsonprecisecontrol 

ontnethicknessotphotoresistandonanevaporationdirection..11 £SC5va 4 direction 

chanoesorthethicknessofthe 0 

photoresistchaiwes~~ thejunctionqualityoftheJosephson 
1= 

S
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* a V 

junctionwillclitm.ge. TI~ereforethepreparationqualityoftheJosephson.iunctioncannotbe 
miaranteed 
C, 

sliMMARY 

I(I{)05I Theembodimerasofpvcsouldisolosureprovidemethodsapparalttses-S, ariddovices 
forJosephsona preparationaswellasa * 

supercondu.ctinucircuit.In.anaspecta 

methodforpreparinga.Josephsonjunctionincludes ~- ~3ttirstpatternstructurefor 

~ 9 

generatingafirstJosephsonjunctiouiofafirst~typeandapluralityofsecondpattern.structures 

* V a 

forgeneratingapluralityotsecondJosephsonjtmn.ctionsofasecondN 
d P~~whereinajunction 

4 e 4 4 

areaofthcfirstJosephsonjunctionisdifferentfromajunctionareaofatleastoneofthe 

pluralityofsecondJosephsonjuirntions:evaporatingamaterialonthefirstpatternstructure 
c-S 

andthepiumlityofsecondpatternstructuresbasedonatirsi *1 4 9 

C. evaporationdirectiontogenemte 

4 4 e afirstelectrodelayerforimpiementrnQinformationtransmissionwherein.thefirst 

A 4 direction evaporation is :paralleltoanedgeofthefirstpatternstructureandan 

edacofatleastone jt;Otth.epluralityofsecondpatternstructures5 ... 9 layer 
onthefirst 'iirttrodolayer 5 theinsuI.atini~layerinciudinuacompound.coffespondingtotk 

S 'I 

4 C 

matenal;evaporating;thematerial.onthefirstpatternstructureandthepluralityofsecond 

4 9 4 4 4 9 

layertorimplementint informationtransmissioiLwherein.thesecondevaporationdirection.is 
sub 

stantialiv& paralleltotheedgeofthcfirstpatternstructurean.dtheedgeoftheatleastOflQ 

ofthepluralityofsecondpatternstructures:r andformingtheAI Josephsonjunctionbased 

'9 

onthetirstelectrodelayergeneratedonthefirstpattern.structuretheinsulatinglayeraridthe 
A 

secondelectrodelayergeneratedonthefirstpattern.structureand * thepluralityof 
second 4 the law 

o~cprison as~ on ~s~coc a" ~generatedonthepluralityof 

secondpatternstructures.,theinsulatinglayerandthesecondelectrodelayergeneratedonthe 

pluralityofsocondpatternstructures.  

2 

patternstructuresbasedonasecondevaporationdirectiontoQcneratcasecondelectrode
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IUO(J4I Inanotheraspectanapparatusforprepannc~aJosephsonjunctionincludes:at 

leastonecircuitryconfi%~uredforobtainingafirstpatternstructurQfor~cneratingafirst 0 0= 

4 

Josephsonjunction01a.nrst.~ PCandaphiraiitxtofsecondpatternstmcturesforgeneratinga 

4 J 

pluralityofsecondJosephsonjunctionsofaSCCt)fldtypc~xvhercinajunctionareaofthefirst 

9 

Josephsonjunctionisdifferentfromajunctionareaotatleast@flOofthepluralityofsecond 
t 

S 

Josephsonjunction*h~ , callsinstheapparatustoQva.pcwatcamaterial.onthefirsti3aftem C, 

4 

structureandthepluralityofsecondpatternstructuresbasedonatirstevaporationdimetion 

touencratea~ layerforimplementing a transm.ssion9 whereinth.c 
S 

C S 

firstcvaporationdirectionISSUbstanti.a]iv~paralleltoan.edgeofthefirstpafternstructurean.d 

anedgeotatleastoneofthepluralityofsecondpatternstuictures;causingtheapparatusto 

term aninsulatinglayeronthefirstelectrodeLivertheinsulatinglayerincludinga 
& 

C 

compoundcorrespondtn~ztothematernal:cau.siwzdwapparatu.stoevaporatethernate~ia1on 

IheA" 
tirstpatternstructureandthephtraiitvofsecondpatternstructuresbasedonasecond 

4 4 

evaporationdirectionto@enerateasecondelectiodelayerforimplementinginformation 

Iransmission.wileTCintnescconcicta 1 ~ ; directionis stanti paralleltotheedgeof 
2 S 

thefirstpatternstructureandtheedQcoftheatleastoneoftheplural1W at otsecondpattern 

4 

electrodelaN~ergeneratedon.thefirstpatternstructure.theinstii.atiiio~layerandthesecond 

electrodelayergeneratedonthefirstpatternstructure'I andtoform.thepluralityofsecond 
.3 

JosephsonjunctionsbasedonthefirstelectrodelayerQeneratedonthepluralityofsecond 
~/ 

patternstr~ctui'es~theinsulatinglayerandthesecondelectrodehavergeneratedonthe 

plural.ttvofsecondpatternstructures.  

4 4 

I~~{~71 InvetanotheraspectadeviceforpreparingaJosephson.junctionincludesatleast 

oneprocessorandamemorycoiifi& urcdtostoreasetofinstructionsexecutablebytheat 
~Q 

leastoneprocessortocausethedevicetoperform:obtaini.n.gafirstpatternstructurefor 

-4) 

structures;andcausingtheapparatustoforn~the'firstJosephsonjunctionbasedonthefirst
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9 V 

rzeri.eratrn.gafirstJosephsonjunctionofafirsttypeandaplural.ttvofsecondpatternstructures 
Dir%~QflQratingapluralitvofsecondJosephsonS t -t 

junctionsotasecond.typewhereinajunction 

4 

areaofthefirstJosephsonjunctionisdifferentfromajunctionareaofatleastoneofthe 

4 

pluralityofsecondJosephson~junctioris~cvaporatiiigainatci'ialonthefirstpatternstructure 
~~1 

andthepluralityofsecondpatternstructuresbasedonar~r evaporationdirectionto~en.erate 

e 

afirstelectrodelayerforimpiementnQinformationtransmissionwherein.thefirst 
4 9 

*1 t ii It cvaporationcareenonisSilt)stanti iFparalleltoaned& eofthefirstpatternstructureandan 

A 

edgeofatleastoneotthepluralityofsecondpatternstructurcsformingan.insulatinglayer 
ontheflrst c~hrttrodolayer9thejnsui.atnw 4 a 

a -' . Clayermeludinaacompound.correspondingtoth~ 

4 cvaporatin~thematerialonthefirstpatternstructureandthepluralityofsecond 

4 

patternstructuresbasedonasecon.devaporationchrocuontogenerateasecondelectrode 

4 4 a. 4 layerforimplementinginformationtransmissionwhereinthesecondevaporation.directionis 
j 

4.4 

Substantiallyparalleltotheedgeofthefirstpatternstructureanddieedgeoftheatleastone 

ofthep1QralityofsecondpatternstructQres' andfanningthefirstJosephsonjunctionbased 

onthefirst r~ rttrodelayergeneratedonthefirstpatternstru.ctu.re~theinsulatinglayer 9 andthe 
S 

secondelectrodelayergeneratedonthefirstpattern.structureand C 

forroinathepluralityof 

secondpatternstntcttires.,theinsulatinglayerandthesecondelectrodelayergeneratedonthe 

-t 

pluralityotsecondpattern rutur.  

100081 Invetanotheraspecta.superconductingcircuitincludesafirstJosephsonjunction 

ofafirstIx connectedinparalleltoapluralityofsecondJosephsonjunctionsotasecond 

V A 

4'*~ 47~ type,~x±tereinthepluralityofsecondJos~ sonjunctionsareconnectedinseries~and 

4 4 4 

xvPQreintuefirstJosephson.junctionan.dthepluralityofsecondJosephsonjunctions a 

generatedbyamethod.Thenmthodincludesobtainingafirstpattern.structureforgcncmtiim 

rur 

anrstJosephsonjunctionofafirst;peandapluralityofsecondpatternstructuresfor 

4 

secondJosephsonjunctionsbasedonthefirstelectrode ~ rgeneratedonthepluralityof
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4 V 

rzen.erat.n.gapluralityofsecondJosephsonjunctionsofasecond.tvpe~whereinajunctionarea 

ofthefirstJosephsont isdifferentfromajunctionareaofatleastoneofPutplurality 
ofsecondJosephsonjunctionsevaporatinga I 'n~M 

materialonthefirstpatternstructureandfix~ 

pluralityofsecondpatternstructuresbasedonatirstevaporationdirectiontogenerateafirst 

4 4 .9 electrodelayerfor impl.em.entinuinformadontransmission~whereintheUrstevaporau.on 

substantiallyparalleltoanedgeofihefirstpatternstructureandaned%~eofat 

leastone iVI thepluralityofsecondpatternStrLLCturCorm.mgan 'kJ layeronthefirst 

electrodelayer.theinsulatinglayerinciudin~acompound.correspondingtothematenal; 

9 

evaporatingthematerialonthefirstpafternstructurean.dthepiuraI~tvofsecondpattern 

structuresbasedonasecondevaporationdirectiontogenerateasecondelectrodelayerfor 

9 q * * 

Iapicmentintrinform.ationIransin~.ssionwiiereinthesecon.devaporationdi.reetion.is 
sub 

stantiallyJ~ paralleltotheedgeofthefirstpatternstnicturean.dtheedgeoftheatleastone 

ofthepinralftv~fsecondpatternstructures;andformingtheA~I Josephsonjunctionbased 

%4 

onthefirstelectrodelayergeneratedontheti.rstpattern.structurestheinsulatinglayerandthe 

secondelectrodelayergeneratedonthefirstpattern.structure5 and * thepluraht~of 
S 

second 4 basedonthefirstelectrodelayc 
a" ~generatedonthepluralityof 

secondpatternstructuresS theinsuiatinQlayerandthesecondelectrodelayergeneratedonthe 

pluralityofsecondpatternstruthires.  

BRWFDESCRIPTIONOF THEDRAWINGS 

100091 Tdescribe rim cliuiicaisolutionsintheembodimentsofthepresentdisclosure 

moreclear1x~theaccompanyingdrawingsrequiredtordescribingtheembodimentsarc 

bri.efl.vintroducedbelow.ftisapparentthatthe £f rigdrawingsdescribedinthe 

followingarcmereiNTsomeembodimentsofthepresentdisclosureandthoseofordinaryskill 
j 

9 9 

intheartcanstill.deriveotherdrawintufromtheseaccompanyi.n.gdrawingswithoutcreative 

efforts.  

S 

w 5
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w * * cr processofpreparuwaJosephson (tI Figs.V3areschematicdtagram.siiiustratinc~a 

. C 

jU.  

10(11TII Figs~4Aisa.schematicdiagramillustratingaprocessofprcparinQaJosephson 

UlictiOnusingatirt4projectionanode.  

j .  
100121 Figft4Bisaschematicdiagram.illustratingaprocessofpreparingaJosephson 

junctionusingasceondprojectionanQie.  

100131 SFig.~rxisaseliematicdiagram 'ks ~processofpreparingaJosephson 

* a * 9 a 

junctionusingphotorcsa.stwithafirstthickn ~q.JL e 

e 4J Fig.SBisaschematicdiagramii.iustratim~v 
CaprocessofpreparingaJosephson 

4 

junctionusingphotoresistwithasecondthickness.  

I(H)~51 Flg*6isafloxvchart * * * 5 

0 

consistentwithsomeembodimentsofthi.sdisclosure) 

10016a! Jf1 ~ 0 7isaflowchartilhistratinQamethodofobtainingafirstpatternstriidmireand 

*1~ 4 

apluralityotsecondpattern.structures~colisistelitwithsomeembodimentsofthisdisclosures 
w a a 

100171 . schematicstructuraldiagramofamaskpIaie~cons~istcntwrilisome 

cmbodimcntsofthisdisclosure.  

) N I 

ItI{J181 Fig.9isaflowchart.cianothermethodforpreparinQaJosephsonjunction 

consistentwithsomeembodimentsofthisdisclosure.  

4 

IOOi9J Flg.10isaflowchartofstill.anothermethodforprepariiwaJosephsonjuncnow, 

consistentwithsomeeinbodinmntsofthisdisclosure.  

S 4 4 0 0 

[0O2()I Fig.IIisaschematicdiagramillustratingaprocessofprepanngaJosephson 
* a V 

JtiflCtiOflCOflSl5tClTLtwithsomeembodimentsofthi.sdisclosure 

e C 

10021J Fig9 I2isaschematicstru.ctuiAdiasramiilustratm.Qanapparatusforprcpanniza 

Josephsonjunction, consistentwithsomeembodimentsofPittsdisciosureV 

6 

S
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w q * 9 

100221 Fig.I3Ai.saschematicstructuraldiagramillustratingartelectronicdevicefor 

t C disciosur~.  
prcpann~aJosephsonlunctionconsistentwiltSOmecmOoclimentsottffis 0 

C 9 

S h S A 100231 Fig.~isaDIOCKcllaQl tam~ examplesxT srcrnwr ~k-~ aCJU3ifltUlflCifOulL 

consistentwithsomecnibociiineiitsofthisdisclosure 

* 

100241 FIG4 13Cisaschematicdiarzrarnillustratinganexacmpkquantumcontrollerfor 

I;.  

operatingquantumcircuitsconsistentwithsomeeinbodinwntsofihisdisclosure.  
S 9 9 * 

100251 Fig.I4isascheinat.A.cdiagramillustratingasupercon.ductnmdeviceconsistent 

Withsomeembodimentsofthisdisclosure.  

DETAJLEL)DESCRIPTION 

100261 Referencecannowbemadeindetailtoexamplecmbodiments~examplesof 
whichareillustratedinthe * 9 

accompanyingdrawiritu. Thefoiloyvinadescriptionreferstothe 

accompaiiviJwdrawingsinwhichthesavornumbersindifferent 9 0 

9 

Ohsimilarelementsunlessofficrxwserepresented.rI¶eimplementationssetEdithinthe 

following 0 *1 0 0 

~ * coii.sisttntv~~iththedisclosure.Instead.theyaremerelyexamplesofapparatusesandmethods 
2 'I 

e C 

consistentwithaspectsrelated.tothedisclosureasrecitedintheappendedclaims.Particular 

providedhereincontrol.ifinconflictwithtermsordefinitionsincorpomtedWvreference 9 

0 C 

j0027J Theterminologyusedin.theembodimentsofthepresentdisclosureisforth.e 

C 

purposeofdescribingparticularembodimentson1y~andisnotintendedtolimitthepresent 

~)3 5', ~ 0 disclosure.The9 fonns'Ka said,"and~Nhe'"usedinth~~ bodimentsofthcpresent 
p -S ni 

disclosureandtheappendedclaimsarealso9 toincludeplural J, ~ 

C 

nwaninizsa.i:edearlyindicatedinthecontextand.~muIti.pie' 5 Qencraiiyincludesatleasttwcx 
.5- a, 

butdoesnotexcludethecaseofincludingatleastOfl.C.  

7 

aspectsofpresentdisclosurearedescribedingreaterdetailbelow.Thetermsanddefinitions
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100281 Itshouldbenotedthat.therelationaltermshereinsuchasYirst"and~second"are 

anentityoroperationfromanotherentax:oroporaticixanddonot 

requireorimplyanyactualrelationshiporsequencebetween r'1 ~ntiticsoroperations 

* rb. A' Moreoverthewords' tCorflpflsing, ~"havirig~. containing,'"and~incittdingandother 
q formsare4 

tobeequivalentinm.eanmuandbeopenendedinthatanitemor 

e C 

itemsfollowinoanyoneofthesewordsisnotnwanttobeanexhaustivelistrnQofsuch.item 

oriteins~,ormeanttobelimitedtoonlythelisteditem.oritems.  

4 a 100291 AsusedhereinliflIQsSspecificallystatedotherwisethetermorencompassesall 
, S 

C possiblecombinations 9 exceptwhereinfeasible.Forexarn.pie~ifitisstatedthatacomponent 

canincludeAorB..r then-a unlessspecificallystatedotherwiseorinfeasibic~thecomponent 

canincludeAorBorAandIIIAsasecondexampleifitisstatedthatacomponentcan 
includeAB5 orCthen~unlessspecificallystated * 0 

.9 

includeA~orBorCorAandBorAandCorBandCorAandBandC.  

[OO3UJ Dependingonthecontextthewords"incaseof'and"if'asusedhereincan.be 

rIr5 ( '4 Ce 

interpretedastttthetimeofor~whenorinresponsetodeterminationor 6 inresponseto 

detection~"StnPiariydrependii~gonthe *1 thephrase~f 0 orC~ifdetected(a 
statedconditionorevent)"canbeinterpreteda.s"'when 0 

determination" Or whendetected(astatedconditionorevent)"or'Yesponsetodetection(of 

astatedconditionorevent) 

100311 Itshouldbefurthernotedthattheterms'include" 0conrpnse,55 oranyother 

variationstherct)farcintendedtocovernonizxci.u.sivei.n.ci.usiowsothatacon~im.odityor 

4 

systemincludinrzaseriesofelementsnotonlyincludestheelements~.butalsoincludesother 
0' ~Lm S 

elementsnotexpijettlylistedorfurtherincludeselementsinherenttothecommodityor 

system.Intheabsenceofmorelimitationsanelementdefinedbyu%.n.ci.udin~a/an.. . *'5 does 

9 

notexcludethatthecommodityorsystemi.n.cJ.ud.ingth.eeJementfurtherhasotheridentical 

8 

orinresponseto
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elements.inadditionp thesequenceofstepsin.thefolioxvingmethodembodiments~sonlyan 

examplenotastricti.jmjtati.on.  

100321 AsusedhereinaJosephsonjunction(alsoreferredtoasasuperconducting 

twineljuncti.oii')canrefertoastructurei.n.ci.udiru twosuperconductorssandwichingaffiuii 
barrierlayer.Byx~ 

L~ 
7 ayofexampleaJosephsonjunePoncanbefonnedbyasuperconducror~ 

I;.  

rnsuiatorrstipcrconductorstructuro(orreferredtoasan"SnJrS"staicture).rI¶cJosephson 

jtLflCIlOiI(Xifl.beakeycomponentforimpleinentahonandapplicationofmodernquanturn 

computing.Insomeapplicationsasuperconductingquantumcomputercanutilizeaiarg~ 

Ic~ 9, aboutImillion)ofsuperconductingquantumbits(~qubits' 5 )toachievehP4v

I 0 

precisiondataoperations.Thesaperconductingqubitsthatperformlogicalopcrationscanbe 

constructedbypreparingoneormomJosephson9 * *1 

elements(err 9 9 'p - CprcpartrwaiarQ~ 

-4 

IILLiLiUJ1 ot t:qubitswithuniformstructurescanbeveryimportantfor 
Fr 

9 

superconductingqQantum.computers.Oneofthekeyst supercoiiductin.c 0proci~cin~ ~;qubitsis 

thepreparationqualityoftheJosephson.* 4 

C " currentoftheJosephsonC 9 

anon~superconductingnormaL-stateresistanceof 

theJosephsonjunctionsoranyother I .4 9 oftheJosephsonjunction) 
100331 Ex~stingrj ~r*~hniqtiesfor 4 * 

prepannaaJosephsonjunctiontypicallyincludeshadow 

9 Er C 

evaporationwithamaskplate~Figs.P3arcschematicdtaararn.siIiustratin~aconventional 

I 

processofpreparingaJosephsonjunction.A5showninFig 0 1,amaskplateI02caninclude 
afirstmaskpatternI04andasccon.dmaskpatternI06.andabridgestmctureI.08isarranged 

~*/ 

betweenfirstmaskpatternI.04an.dsecondmaskpattern.I06~BasedonmaskplateI02with 

bridtiestructureI(18,amaterialcanbedrownonabaresiliconwafer~IC)throuo~hfirstmask 

'I 9 pattern1.04togenerateafirststnictnre(notshowninFig.1) 

9 

- A
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100341 Asshownin tFig.2~a rtcissofr eneraUngafirststructure204can* 

t C 

p~rc'wmQafirstmaterial202onmaskplateI02atafirstprojectionanoic9Ti. Firstmatonal 

2(12canbegrownonbaresiliconwaferII0throuQhfirstmaskpatternI04andsecondmask 

pattern1.06onthesameniask~sothatfirststructure204canbegenerated.  
* Y 

100351 AsshoxvninFigft3,aprocessofgeneratinuasecondstructure304caninclude 

growinQasecondmaterial302onfirstmaterial202atasecondprojectionangle(+12.Second 

material302.can.bei~rowiion.baresiliconwaferI1.0throu.ahfirstmaskpattern.I04and 

secondmaskpattern106onthe~amcmask.sothatsecon.dstructure304(reprcsen~tcdbya 

Riledpattern)canbeszzeneratcd~Thesccon.dprojectionanob92canbedifferentfromthefirst 
S a 

projectionangle01=(asillustratedinFig.2>Accordinglypositionsoffirststnicftwez04and 

secondstructure304onbare* wafer1.10canbedifferent.~~that~moverlapping 

c~d-t .±Y~L ~ 4a * 
A? IT~ iidsecondstructure304. Suchanoverlapping 

V.' 4~'~.i anformaJosephson 9 306(representedbyastnictiireenclosedina.dash~ 

line 9 inFig.3).  

9 a 100361 \~vhcntlti.econventionalprocessdescribedinassociationwithFias 4 1-3isusedh 

9 9 

prepareaJosephson -I k r 

I 4 

direction.litheevaporationdirection.changesthequalityofth.eJosephsonjunctioncan.  

9 C 9 

subjecttochange(e~ganareaoftheJosephsonjun.cPonacnt~cai.currentoftheJosephson 

C 

junctiomanon~superconductingnormal-stateresistanceoftheJosephsonjunctionoram~ 

other I.' 9 oftheJosephsonjunction)' 

W 9 4 

104)371 Figs.4Aisaschematicdiagramiiiustratin~aconventionalprocessotprepannua 

C t C 

Josephsonjunctiontisilloafirstprojectionangle402.AsshowninFio.4A 4 ~ tbrthesame 

4 9 9 9 9 photoresiststructureandevaporation.materiaL.whencvaporati.n.gthematerialusingfirst 

9 9 

projectionangle4O2~aneJectrodelayercanbeformedon.thephotoresistlayerwithawidth 

I0 

precisecontrolofihicknessofa.photoresistandonprecisecontrolofanevaporation
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404.Fias4BaIsaschematicdiar~ramillustratingaconventionalproceSsofprepannga 

Josephson C t -:90 Kwhen 

I 

evaporatingthematenalusingsecondprojectionangle40&anelectrodelayercanbeformed 

S 

onthephotorcsistlayerwithawidth408a Wild firstprojQCIIOIIangle402andsccoiid 

S 

prolectionangle406aredifferentwidth404andwidth408canbedifferent.Therefore 

duringproparationofa.pluralityofJoscphsonjunctions~.thcqualityofthepluralityof 

Josephsonjunctions(eCT areasofth.cJosephsonjtLnctioils)cansubjecttothechantwsofth.~ ta 

a a 

proJection.amzlesothatitcanbechaiiciigin~toensurethepreparationqualityofthe 

C 

Josephsonjunction.  

10(1381 Similarly.,thejunctionquaiitxtoftheJosephsonjuirntioncanchangedependingon 
- 4'

thethicknessofihephotoresistforprepariiiotheJosephsonjunction.Fig.5Aisaschematic 

4 , 0 4 

diagramiihistratinoaconventional.processofpreparinaaJosephson.junctionusing 
4 

photoresistwithafirsttin.AsshowninFlo.514..forthesameprojectionanQicand 

4 S S 

evaporationrnatenai. 9 whenevaporatingthematerialonaphotoresiststrnctQrewith.a 

.9pliotoresistthicknesssU! 4us1n~apro~cction ~-c ~an.electrodelayercanbeformedonthe 
t~ 

9 9 a. 4 

photoresistlayerwithwidth404~FigsSBi.saschematicdizwramiiiustrat~nt~aconventional U, 

I 

4 5 4 

showninFig5BxxThenevaporatingthematenalonaphotoresiststructurewith.aphotoresist 

C e 

thickness504usino~thesameprojectionano~,lcanelectrodelayercanbeformed.onth.e 

4 4 

photoresistlayerwithwidth408. XMhcnphotoresistthickness:02isdifferentfrom 

4 

photoresistthickness504wwidth404andwidth408can.alsobedifferent.Accordinglywhen 
-S 

aphiral.itvolJosephsonjunctionsarepreparedusingditterentpliotoresist N~, the 

* e * C 4 e 

junctionqualityofthcpluralityofJosephsonjunctions(e. i areasoftheJosephsonjunctions) 
. 00~ 

cansQb tochangesofthe S thicknesses~. sothatitcanbechallengingtoensure 

the a 4 a 

preparationqualityoftheJosephsonjunction 

Lv' 

processofprcparinQaJosephsonjunctionusingphotoresistwithasecondhn.As
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* * 100391 Asdesenbedabovc~whenprepan.n.gaJosephsonjwictiontheevaporationangle 

and.thephotoresistthicknesshavegreatC . C 

'U Specificalixtforthewafer~scaiemanufacwwinQofapluralityofJosephsonjunctionwthe 
*1 *1 

evaporationangleandthQdistributionofthepholoresistthicknesson.timentirewafQrcan 
impactthequalityoftheJosephson.iunctionsandcansPznificantlvreducethepreparation.  

a' C, 

C fJ~ t t insomecases.  

IOO4~I Toreducetheinflueiiceofthechangeintheevaporationdirectionorthe 

4 pliotoresistthicknessonthequalityoftheJosephsonjunctionandtoimprovetheuniformitv 
S 9~P 

and.preparationyieldoftheJosephson junction.atthewaferscaie~methodsapparatusesa 
deviccs~s~iparcoi~d=~ctin~devicesforpreparinQaJosephsonjunctionarc 9 

providedinthe 

presentdisclosure.Embodimentsofihisdisclosurecan.providemultipletechnicalbenefits.  

Ii firstJosephsonC andthepluralitvofsecondJosephson.p 9 

junctionscanbeprepared 
simultaneously.Pvlorcoverwhenthefirstelectrodelayerandthesecondelectrodelayerarc 

5 

S 

generated.,thefirstevaporation.directioncanbesubstantiallyparalleltotheedgeofthefirst 

patternstructureandtheedgeoftheatleastOflOofthepluralityofsecond.patternstructures.  

9 

Thesecond.evaporationdirectioncanbesubstantially& parallel.totheedgeofthefirstpattern 

doingsotheinfluenceoftheevaporationdirectionorthethicknessofthephotoresistonthe 

C 

qu.aI.~tvofthcJosephsonjunctioncanbeeffectivelyreduced.Accordino~lxu.thequalityofthe 
firstJosephsonjunctionandthepluralitvofsecondJosephsonC canbeensuredand 

theuniformityandyieldof S J *1 S 

104)411 %%rneimplementationsofthepresentdisclosurexviiibedescribedindetai.ibelow 
referencetotheaccompanyirn~d.rawrnQs * 9 

.- * 0 L~i -Providedthatthereisn.oconflictbetweenth.e 

embodimentstheIbliowingembodimentsandfeattEresSin.theembodimentscan.becombined 

A eachOtILOJr.  

12 

structureandth aoftheatleastoneofthepluralityofsecondpatternstnidmires~By
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w q * 

100421 Fig.6isaflowchartiliusirat.n.gamethod600forpreparingaJosephsonjunction5 

e e 

consistentwithsomecmbodimQntsofth.isdisclosure.Method600canbQusQdforprcpartrwa 

C'-7-A~~\ij junction.AISO~aiw I apparatuscapableofpcrtbrrningmethod600can 

beusedforpreparingawafcr4cveiJosephsonjunction.~'pisunderstandablethattheapparatus 
for V 4 

prepanugaJosephsonjunctioncanbeimplementedassoftware~hardware~ora 

combinationofsoftwarean.dhardware.insomecm.bodimcnt&method600canbe 

implementedbyatleastonecircuitryoftheapparatus 

* i~~4~1 Atstep602afirstpatternstructureforgeneratingafirstJosephsonjunctionofa 

flrsttypeandapiura1~tvofsecondpatternstructuresfor Ca*pluralityofsecond.  

I 'p 

Josephsonjunctionsciasecondjpcarcobtained~AjunctionareaofthefirstJosephson 

jIllIctiOllcanbedifferentfromalunctionareaohatleastoiicofthepluralityofsecond 
'p 

Josephsonjunctions.  
In a a ~odirncntsdifferentJosephson*L 'p 

junctionscancorrespondtodifferent 

'p hhfr4r* Inordertojt; thepreparation.ofJosephsonjunctionswhile 'p the ensun.n.  

* 

uni.fonrntyandpreparationyieldoftheJosephsonjunction.s~theJosephson.iunctionscanbe 

classifiedintothefirstJosephsonjunctionandtheplural1W at .p 'p 

andthejunctionareaofthefirstJosephsonjunctioncanbedifferentfromthe A 4 

theatleastoneofthepluralityofsecondJosephson a L~e junctions 
e S 

j0045J BywayofexamplethejunctionareaofthefirstJosephsonjunctioncanbe 
.3 .3 

smallerthanorequa.itoapresetarea.andthejunctionareaoftheatleastoneofthepluraiitxr 
S.  

ofsecondJosephsonjunctionscanbegreaterthan.thepresetarea.Insuchcasesthefirst 

'p :7, 

Josephsonjunctioncanbereferredtoa~sasmalljuflaiofl.andthepluralityofsecond 

C 
.*.* S Josephsonjunctionscan.bereferredtoas~btgjunctions) 

I~O461 I.nanotherexainple~theiunctionareaofthefirstJosephson a canbegreater 

thanth.epresetareaandtheS areaofiheatleastoneofth.epluralityofsecond.  

13 

junctionareaof
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Josephson * 4~*~a-~a thefirst 

junctionscan.bekssthanorequal.tothepres~ tea.in.such.~ 

C e 

JosephsonjunctioncanbereferredtoasaThkjunction andthepluralityofsecon.d 

I 

Josephsonjunctionscanbereferredtoassmalljunctions 
0 

I~I~~471 Foreaseofdescriptionwithoutcausins~ ambiguities..thetbliowingdescription 

takesthefirstJosephson.iunctionasthetmail.j Y andthepluralityofsecond 

JosephsonjunctionsastheThigjunctions"asanexample. insuchcascs~thepresetareafor 

*9* 0 distinguishingthefirstJosephsonjunctionfromthepluralityotsecondJosephsonjunctions 

canbepreset.ForexarnplQthepresetareacanbethelargestareathatcanberealizedbyth.e 

junction..itshouldbenoted.thatthespecifi.cnumencalramzeofihepresetarea 
firstJosephson 9 t 

'Snotlimitedin CM ~embodimentsofffiisdisciosurc~andthoseskilledintheartcan 

set aQcc.g specific= plicationreqiureineiitsanddesignrequirements..whichwillnOt 

bedetailedherein.  

a a 

10048a! unsoirtQQ ~odimcntstosimultaneouslypreparethefirstJosephsonjunctionand 
thepluralityofsecondJosephsoniunctionsthefirstpatternstructureandthepluralityof 

secondpatternstructurescanbepreparedin.advanco~.sothatth.efirstJosephson.q can 

be~zcneratcdbasedonthefirstpatternstructure~andthepluralityofsecond.Josephson 

understandablethatthefirstpatternstnLctureandthepluralityofsecondpatternstructures 

t e 

canbethesameordifferent.Forexamplethefirstpatternstructurecan.beasymmetucal 
asymmetrical 

structureandatleastoneofthepluralityofsecondpatternstructurescanbean ~*1 0 

structure~hisomeembodiments..thefirstpattern.structureandth.epluralityofsecon.dpattern 

structuresdescribedherein.canbeobtainedbyetchingthrough.amaskplate 

0 

~ Insomeem.bodimentsathepluralityofsecondJosephson.jundionscanbe 

connectedinsenes0 ThefirstJosephson0 unction totheplurality I = I 

* * 9 

ofsecondJosephsonjunctions.Insuchcases.thepluralityofsecondJosephsonjunctionsand 

14 

junctionscanbegeneratedbasedonthepluralityofsecondpatternstructures. Itis
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theffrstJosephson* canbeusedtogenerateasuperconducttnu *,a 

* e * C 

imprc~vm~thepracticabiiiiwofthepreparedJoseplisoniunction 4 

100501 StillrcferiinQtoFigs6atstep6O4~amaterialisevaporatedonthefirstpaftern 
I~ *1 

structureandthepluralityofsecon.dpatternstructuresbasedonafirstevaporationdirection 

4 

togenerateafirstelectrodelayerforimplernentftwinformation.transmission.Thefirst 

evaporationdireclioticanbe I. parallel(co* '7 withinanerrorrangeof±2~)toan 

edgeofthefirstpatternstructureandanedgeofatleastoneofthepluralityofsecondpattern.  

stiiictures 

4 

It-It'sI*J insomeem.bodimentsaafterstep60?amaterialcanbeevaporatedsimultaneously 

onthefirstpatternstaictureandthepluralityofsecondpatternstnicturcsbasedonthefirst 

evaporationdirection.Insonicembodimentsthematerialcanincludeatleastoneof 

4 4 4 aluminumbinarynitxide~ternaryn~tridecompositeoxide~oranyothersuperconducti.UQ 
& a. a.  

materials(c~o atleastoneoftantaluntrnolvbdcnuntvanadiumorthelike).Ii4is 

understandablethatthe 4 4 

intheartcanalsoselectthematerialaccordingto *9 ~U7 * 

speciticapplicationrequirementsand 

desitmrequirements.  

transnussioncanbegeneratedWvthematerialevaporatedonthe%4 patternstrQctQreandthe 
pluraLlyotsecondpattern rur.Forexamplethefirstelectrodelayer~en.erated.inthe 

.3 J 0

firstpatternstructurecanbeusedtoQeneratethefirstJosephsonjunctiomandthefirst 

electrodeLivergeneratedinthepluralityofsecondpatternstructurescanbeusedtot~enerate 

thepluralityofsecondJosephson.~ V 4,.' 

e 

I1J0531 insomeem.bodimcntsathefirstevaporationdirectioncan.besubstantiallyparallel 
(et within.anerrorrangeof I,.  

+20)toth.eedgeofthefirstpatternstructureandtheedgeotthe 

4 

atleastoneofthepluralityofsecon.dpatternstructures~Bydoing50~theinfluenceofthe 
S S 

IW'521 insonicernbodiments~.thefirstelectrodelayerforimplementinginformation
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*9 * * 

evaporalidnarnieandthephotoresistthicknesson.thepreparatonqualityoftheJosephson 

e e 

junctioncanbereducedinth.~processofpreparingthefirstJosephsonjunctionandthe 

'n~M pluralityofsecondJosephsonjunctions.Bywayofexampleanangleformedbetweenth~ 
*1 *1 

Fr 9

firstevaporation.directionandagmvitv 0 canbegreaterthanorequaltoI.O"~andless 
thanorequal.to600 ~ 0 * 

isnotedthatthefirstevaporationdirectionisnotlimited.tothe 

exampleembodimentsdescribedherein.andcan.besetbythoseskilledintheartaccordingto 

specificapplicationrequirementsanddesigiirequirementsaslongastheuniformityand 
9 

9 A 

preparationyieldofthefirstJosephsonjunction.andthepluralityofsecondJosephson 

0 1 

junctionscanbeensured.  

10(1541 StillrcferrinQtoFigs6,atstep60&aninsulatinglayerisformedonthefirst 

material.  electrodelayer.'he*iiisQiatina0 i&yei 0~.ILkALLLVIV1 1 r )flIpotLndCOITCspendingtothe * 

9 

IO~~~1 Atstep608,thematerialisevaporated.@1Kthefirstpatternstmctureandthe 

0 

pluralityofsecondpatternstructuresbasedonasecondevaporationdirectiontogeneratea.  
secondelectrodelaxrer~0 4 0 0 

ementmginfonnationtran.smission.A Thesecondevaporation 

directioncanbesubstantialiNA parallel.(auwithinan.errorrange 9of+20)totheedcweoftim 

firstpatternstructureandtheed~zeofthe.atleastoneofthepluralityofsecondpattern 

structures.  

100561 insomeenibodimentsthematerialcanbeevaporatedsimultaneouslyonthefirst 

patternstructureandthepiurabtvofsecon.dpatternstructuresbasedon1wsecond 

evaporationdirectiontooeneratethesecondelectrodelayer.insomeenibodiinentwtL 
9- *1 

secondelectrodelayergeneratedinthefirstpatternstru.ctu.recanbeusedtogeneratethefirst 

0 

Josephsonjunctionandtilesecondelectrode V rgeneratedin.tL.epluralityofsecond 
patternstructurescanbeusedto2en.eratethepluraJ~tyofsecondJosephsonjunctions.  

C, 

It)0S71 inSOflICenibodiments~thesecondevaporation *1 0 

canbesubstantially 
paralleltotheedgeofth.efirstpatternstructureandtheedgeoftheatleastoneoftL.e 

16 

*
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plural.ttvof'secondpatternstructures. Bydoiiwso~theinfluenceofdieevaporationangleand 
V V 

thephotoresistthicknesson.thepreparation.qualityoftheJosephsonjunction.canbereduced 

intheprocessofpreparingthefirstJosephsonjunctionandthepluralityofsecondJosephson 

jUflCtit)flS. itshouldbenotedthatthesecondevaporationdirectionisiiotlimitedtothe 

q 

exampleembodimentsdescribedhereinandcan.beselectbythoseskilledintheartaccording 
S 

e 

tospecificapplicationrequirQmQntsanddesign.requirementsasiomzastheuniformityand 

J 

preparation.'AcidofpreparingthefirstJosephsonjunctionandth.cpluralityofsecon.d 
4 

* 

Josephsonjunctionscanbeensured.InSomecnibodnrientsthefirstevaporationdirection.can 

bepcrpend.~cu.iartothesecondevaporation.dirQction.Insomeernbodirncnts~thesecond 
A' 

evaporation r perpendiculartothefirstevaporationdirection 

(Ct wjthin.anerrorrangeofV~2~~50iO~,oranypresetantHerange).  

100581 StillreferrinQtoFig,6Qatstep610,thefirstJosephsonjunction.i.stbrrnedbased 

onthefirstelectrodelayergeneratedonthefirstpatternstructuretheinsulatinglayerandthe 
secondelectrodei.axrer 

a, generatedonthefirstpatternstructure. 7Ihepluralityofsecond 

* 

Josephsonjunctionsarcfomxi~dbasedonthefirstelectrodelayergeneratedonthep1uraiitvof 

secondpattern.structurestheinsulatino;iaver~andthesecond.electrodelayerszzen.eratedon.the & ~ 

100591 insomeembodimentsthefirstJosephsonjunction.canbeformedasan 

overlappingstructm:cthatincludethefirstelectrodelayer~seneratedonthefirstpattern C, 

~rt~andthes~ Ielectrodelave' r rgeneratedonthefirstpattern 
situct~i , theinsalatingIax 7 e~ 

S 

structure Similarlythepluraii.tx~ofsecondJosephson.Iwictionscanbefonnodasoverlapping 

9 

stnactures~.eachoftheoverlappingstructuresincludingthefirstelectrodelayergeneratedon 

thepluraLlyofsecondpatternstructurestheinsulatinicrlayer 9 andthesecondelectrodelayer 
A' S 'a

generatedontheiii~jju~~j~\r ()f~secondpatternstructures.IBvdoingSOaccurateandeffective 

S S 

prepa~rationoperationsonJosephsonjunchonscanbccitectivelvimpiem.  
V 

I'p-i 
2' 

pluralityofsecondpatternstructures.
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10061)1 Asdesenbedabovc~bkperformingmethod600.thefirstJosephson.junctionand 

thepiurabtvofsecond.~1bseph.son.junctionscanbepreparedsimultaneousivMoreover, when 

thefirstelectrodelayerandthesecondelectrodelayeraregeneratedthefirstevaporation 

directioncanbesubstantialhparalleltotheedgeof~thefirstpatternstrucWwan.dtheedgeof 

theatleastoneofthep~uraiitvotsecondpatternstmctwres~.andthesecond * 
directioncan.besubstantiallyparalleltothecd2eofthefirstpatternstructurean.dtheedQcof 

C) *0 

theatleastone 'vs 

Otth.cpluralityofsecon.dpatternstructures.Bydoingso~theinfluenceofth~ 

4 a 4 

evaporau.ondirectionorthethicknessofthephotoresiston.thequalityoftheJosephson 

* e t 

junctioncanbeeffectivelyreduced..AccordinglythequalityofthefirstJosephsonjunction.  

andthepluralityofsecondJosephsonjunctionscanbeensuredandtheuniformityandyield 

'vs 

of:jir eparingJosephsonjunctionscanbeimproved.  

100611 Flg0 7isaflowchartillustratingamethod.700ofobtai.ninoafirstpatternstructure 

consistentwithsomeembodimentsofthis 
andapluralityofsecondpatternstructures 4 

disclosure Thefirstpatternstructurecanbeusedfor *1 0 

~en.eraungthefirstJosephsonjunction 
ofthefirstLv 

a P~asdescribedinmethod6(10andthepluralityofsecondpattern.structurescan.  
beusedforacneratingthepluralityofsecondJosephson4 4 

junctionsofthesecondtypeas 

P7 9 

100621 Atstep j-~, amaskplateisobtainedforprepariiwawaferwieveiJosephson 

0 S e junction..ThemaskplatecaninciudeafirstmaskregionforprepanngthefirstJosephson.  

junctionanda.phtraiitvofsecondmaskregionsforpreparinothepluralityofsecond 
Josephsonun.Atstep704thefirstpatternstructureisobtainedthroughthefirstmask 

9 

regionandthepluralityofsecondpatternstructuresareobtainedthroughthephiral.itvof 

secondmaskreQions.  

SOOnconsistentwithsome I~O631 Fig.8isaschematicstructuraldiagramofairiaskplate -I 

embodimentsofthisdiscJ.osure. Maskplate800can.beusedfor 0 

preparingaw&fteJsJ.evel 

I8 

describedinmethod600.
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9 S 9 

Josephsonjunctionandcanbepreset.AsshowninFw.8,maskplate800canincludeafirst 
maskrc~ion802for 9 * C S 

prcpanno~thefirstJosephsonjim.cttonandsQcondmaskrc~ion.s804for 

I 

preparingthepluralityofsecondJosephsonjunctions. Itisunderstandablethatthespecific 

numbersoffirstmaskretfion802andsecondmaskregions* 804*1 canbeadjustedandsetbased 

5 r~r 9 

on.specificapplicationscenariosanddesignrequirements.Insonicembodimentstoprepare 

thepluralityofsecondJosephson* e S 

series -9 

secondmaskregions804canbeconnectedin S In~unicembodimentsto~ 

4 A 

phiral.ttvofsecondJosephsonjuncuonsasbeingconnectedinparalleltothefirstJosephson 

* C 

junctionsecondmaskreoions804canbeconnectedinparalleltofirstmaskregion ts~ * 

10(1641 Bywayofexamplefficfirstpatternstnicftirecanbeobtainedthroughfirstmask 

9 

region.802,andth.cpluralityofsecondpattern.structurescanbeobtainedthroughsecond 

maskregions804. insomeem.bodiments.toobtain.thefirstpatternstructureandtheplurality 

ofsecondpatternstructures5 a.substratestructurecanbeobtained.Aphotoresistlayercanbe 

formedonthesubstratestructQre ~1 "9 4 

throughmaskplate800toobtainthefirstpatternstructureandthepluralityofsecondpattern 

structures.  

4 4 

~apresetsubsti'atestflLcttLrefort eneratingtheJosephsonjunctioncanbeobtained.  

Forexarnpic~,thesubstratestructurecan'beapresetbaresilicon~vafer.Afterthesubstrate 

I 

structureisobtained.,aphotoresistlayercanbeformedonthesubstratestructure. rfoensure 

thequahtvofthepatternstructuregenemtedbytheetching *1 9 insomeembodiments 

photoresistlayerotneratedonthesubstratestructurecanbead.oubl.e4aver ruu.For U, a, 

C C 

examplethephotoresistlayercanincludeanupperphotoresistlayerandalowerphotoresist 

9 

iayerinwhichthicknessoftheupperphotoresistlayercanbet~reaterthanthicknessofthe 

lower A 0 9 S. S gcanbepefformed011 
4, 

19 

I~{J651 insomeembodiments~.to C'<a astableoperationforpreparingtheJosephson
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photoresistlayerthroughamaskplate(ec~ 

the .fr maskplate800)r toobtainthefirstpattern 

structureandthepluralityofsecondpattern ruturo.Bydoingsotheaccuracyand 
.3 .3 

reliabilityofobtainingthefirstpatternstrnctttrcandthepluralityofsecondpatternstructures 

canbecflsurQd.  
4 9 

100661 Flgft9isafloxvchartofamethod900forpreparingaJosephsonjunction 

consistentwithsomecinbodinwntsofthisdisclosurc. insomeembodimentsmethod900can 

beperformedinadditiontomethod600tbrpreparingtheJosephson~ *1 * 9 

9 * 4 

parameterfordcfininuthefirstJosephsonjunctionisobtained~Atstep9O4~a 

* e 4 e e 

jimetionareaoftlicfirstJosephsonjunctionisdctcrrnmQdbasedontheelectricalparameter.  
a

Bx~pctfonnin~rncthod 3 havinQdifferentjunction 
90Q.JoscphsoniunctionsofthefirstN 

* 

areasizescanbCpreparedcorrespondingtodifferentelectricalparameterssoastomeet 

4 

designrequircJncntsandapplication.requirementsofdifferentuserstherebyfurther 
*.  

*1 

4 

improvingtheflexibilityandreliabilityofprcparinQthefirstJosephsonjunCtion.  

0 

[0067J Insomeembodiments.,thejexactionareaofthefirstJosephsoniunctioncanbe 

rolatedtothecJ.ectrtcaiparamoter.Obtainingtheelectricalparametercanensurethatthe 

0 C 

preparedfirstJosephsonjunctioncanmeettimdesignJtquircrncntsandusageenem.  

insomeembodiments5 

fieldenergydensity.capacitanceorS S 

t C e 

parametercanbQinputbyauserinadvanceordetermined.accordingtospecificapplication 
.3 

scenanosanddesign requirements~Bywayofexampletheusercandirecth7input(e.g 

0 * 

throughauserinterthec)theciccincalparwnctcrtoanapparatusforimplementingmethod 

900.Aftertheelectricalparameter*Isobtained.thejuflOllOfiareaofthefirstJosephson 
~y 

* e t junctioncanbedeterminedbasedonth flnealparameter.  
I~O681 I.nSOflIC -I 

emboditrients.todetenniiicthejuncti.oiiareaofthefirstJosephson 

a 

junction.basedontheelectricalparametermappingrelationshipsbetweendifferentelectrical.  

ts) 

theelectricalparametercanincludeatleastoneofelectromagnetic
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* 4 4 

parametersanddifferentjuncuonareascanbepredetermined.Afterobtaintirwtheelectrical 
a.  

* 4 C 

parameterthe ppingrelationshipscanbeusedtodeterminethQjun.cPcmareaofthQfirst 

I 

Josephsonjunction.  

5~ 4 

1(10691 Fig.10isaflowchartofamethodI000forprcparim~aJosephson.jimction, 

4 9 

consistentwithsomeembodimentsofthi.sdisclosure~InsonicembodimentsmethodI.000 

4 

canbepcrtbrrncdinadditiontomethod600forpreparingtheJosephsonjunction.Atstep 
tk 

T1OOLan *1 4 awdeisobtainedtbr * the 
.S evaporation. preparing ofsecondJosephson 

4 a * 

junctions~TheevaporatonangJ.ecancorrespond.toatleastoneofthefirstevaporation 
directionorthesecond. C 4 * 4 C 

evaporationdirection.AtstepIGOtadesignedjunctionarea 

associatedwiththepluraiitxtofsecondJosephsonjunctionsisdetemfinedbasedonthe 
tk 

evaporationangle.  

4 

IO~7~1 insomeembodimentsthephirai.~tvofsecondJosephsonim~ctionscancorrespond 

tothedesignedjunctionareaandajunctionarea.~anactualjunctionarea.>Bywayof 

4 *1 

examplethedesionedlunction.areacanbeatheoreticallunctionareatobeimplementedby C t 

thepluralityofsecondJosephson.a Y * 

Iunctionsandthedesiunedjunctionareaandthejunction.  
a a) a.  

areacanbethesameordifferent.  

It~{J7II insomeernbodiments~.thedesignediunctionarea.associatedwiththepluralityof 

secondJosephsonjauctionscanberelatedtothee 4 S 

vaporationanaleforprepanugtheplurality 
ofsecondJosephson4 C 4 

junctions.insomeembodimentsatheevaporationanglecanincludea.  
firstevaporationanglecorrespondingtothefirst 4 

evaporationdirectionorasecond 
4 S 

evaporationangiecorrespondingtothesecondevaporationdirection.  

104)721 someembodiments.afterbeinuobtained, t2 LIwa anglecan.beanalyzed 
junctionareaassociatedwith.ffiephi.rail.itvofsecond 

and.processed.to C thedesigned C e 

5 5 4 

Josephsonjunctions.Forexampletodetermi.n.ethedesignedjunctionareaassociatedwith 
t t 

thepJ.uraiitvofsecondJosephson a * * 4 

a' 

ts) 

I
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prepaiiiwthep1uralitvofsecondJosephson* * -I 

junctionscan.beobtained~Then.thedesigned 

* C C 

junctionareacanbedeterminedbasedonthetbi&knessinformationandtheevaporation 

I 

angle.rI¶edesiQnedjunctionareacanbegreaterthanorequaltoajunctionareaofatleast 

'V.  

oneofthepitwaiitv()=17secondJosephsonjunctions.  
9 9 

100731 111someembodimentstodeterminethedesignedjunctionareabasedon.the 

thicknessinforn~aPonandtheevaporationangleacosinevaluecorrespondingtothe 

4 

evaporationanticcanbeobtained(eir. aftertheevaporatioliangleis tn.Theproduct Cr 

valueofthecosinevaJueandthethickness* 4 

informau.oncanbedetermined.Forexample 5 the 

9 

productvaluecanbeused.asanarealinecorrespondingtothedesiQnedjunctionarea.Them.  
'a, 

thedesignedjunctionareacanbedeterminedbasedonifieproductvalue.Forexamplethe 

4 4 

designedJunctionareacanbedeterinniedasasquarevalutoftheprodQct u.  
t 

0 9 IO~741 Fig0 11isaschematicdiagram.illustratmaa~ M OCCSSI100ofpreparin~a 
C' -0 

Josephsonjunction~,consistentwithsonmembodimentsofthis u.ProcessI.I@0can 

achieyesm~tiltaneouspreparationofapluralityofJosephsonjunctionsatthewaferlevel.and 
thepluralityofJosephson4 4 * 

juncLi.onscanincludethefirstJosephsonjunctionandtheplurahtN~ 

ofsecon.dJosephson junction.sasdescribedherein.Forexarnpie~thefirstJosephsonjunction 

areaandthepluralityofsecondJosephsonjunctionscanrefertoasbigjunctionswith 

4 

junction.areasbeinogreaterthanthepresetarea.  

e- I I 

100751 Asshownin~20 iiatstepI10ThasubstratematerialII16isobtainedanda 

4 

double-layerphotorosistlayerIIISisformedonsubstratematenal1.116.Insome 
at 

~~rphotoresistlayerIII8canincludeatopphotoresistlayeranda 
embodimentsdoubledayQ 

9 4 

6/ ~(notshowninFigsII)~inwhichthici~a~essofthetopphotoresist bottomphotoresistlave 

layerci.r~flbegreaterthanthicknessofthebottoiriphotorosistlayer.Bydoin.gsothequality 

*1 

canrefertoasasmalljunctionwithajunctionareabeingsmallerthanorequaltoapreset
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andefficiencyofgeneratingthefirstpatternstructureandthepluralityofsecondpattern 

structurescanbeensured.  

100761 AsshowninFig.11.atstepI104,anetchingoperationI120isperformedon 

0 

doub1t~iaycrphotoresistlayerIII8throu.gliamaskplateI122toobtainafirstpattern 

r~r 0 

structureI.124RnctnerairngafirstJosephsonjunctionII26\ epresen~tedhian.overl.appinrz 
V 

a;.  

areaenclosedbyadash4incovalinFig.I1)ciafirsttypeandapluralityofsecondpattern 

. 4 structuresI128tbrgeiieratiiv~a* 
Cr * ItEralityofsecon.dJoscphsoiiJuflCUOfl.S1.130(representedby 

a anoverlappingareaen&IoscdbyadashlineovaJ.in.Fi~ 4 I1)ofasecondtype. Asshown.in 

4 C 

Fig.i*Z1, firstpatternstmdureI124canincludeapatternareaformedbyfoursvmrnetncaily 
a! a 

4 I 

$wJ dphotoresiststructurebiocks~inwhichthesizesandshapesofthephotoresist 

structureblocksaretesame.Therecanbeapredetermineddistancebetweentwoadjacent 

4 

photoresiststructureblockstoformfirstpatternstructureI124¶an.dthewholeoffirstpattern 

structureI124canformacrossrsha.pcstructure.  

*1 

[0077J AsshowninFig.I19secondpatternstructuresI128can.includeapatternarea 

formedbytwo q q 

S photoresiststructurebIocks~in.whichtheSIZeSandshapesofthetwo 
C photoresiststnictureblocksaredifferent.Specificallyoneofthephotoresiststructumbiockt 

hasanLrshapcdstructure '7~~ A .11flfler A 

structureandthereisapredetennineddistancebetweenthetwophotoresiststructureblocks.  

j0078J insomeembodimentsinordertobeabletopreparefirstJosephsonjunction.~I26 

andsecondJosephsonjunctionsII30atthesametime~7 arrangementdirectionsoffirstpattern 

structureII24andsecondpattern.structuresII28CIIsubstratematerialIII6canbethesame.  
ForexarnphtasshowninFig.1.1afirst a 0 

evaporationdirectionII32ofafirstelectrodelayer 
1~1.34for2en.erat.nifirstJosephson4 C 

11unettonII26canbethesameasafirstevaporation 

4 1136ofafirstelectrodelayerI138forgeneratintsecondJosephsonjunctionsI130.  
Second 4 ~cn.eratin~ 

evaporationdirecnon ota electrode 142 first 
V 

ts) 

photoresiststructureblockhasaninvcrted~L~shapcd
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* a 

JosephsonjunctionII26canbethesameasasecondevaporationdirectionII44ofasecond 

QiectrodelayerI146for~QneratingsQcondJosephson. C jim.cttonsII304 
(notillustratedinFlo 

100791 Atstep1106¾ ii),amaterialisloadedintoanevaporation 
tool, ThCevaporationtoOlci.r beusedto4 4 

evaporatethematerialonfirst 

patternstructureII24infirstevaporationdirection.ISZtogenerate~Ur electrodelayer 

II34andevaporatethematerialonsecondpatternstructuresI128infirstevaporation 

direction1.136(thesam.castirstevaporationdirectionII321togenerate'I electrodelayer 
a a 

Firstevaporation.direcuonI132('thesameasfirstevaporationdirection..11.36)canbe 

Sifribstanti.aiiv~parallel(aa~withinanerrorranocof±2~)toanedgeoffirstpatternstmdure 

1=124andancdQeofatleastoneofsecondpatternstuicturesI128.  

q a 

luosiji AtstepI1.08(notillustratedin.FigsI1)9aninsulatinglayerisformedonfirst 

electrodelayerII34andfirstelectrodelayerI138.  
hi 

100811 Atstep1110(notillustratedinFig.11~theevaporationtoolisusedto pirate 

the 4 onfirstpatternstructureI.I24basedon.secondevaporationdirectionI.140to 

* 

rzen.eratcsecondelectrodelayerI142andtoevaporatethematerialonsecondpattern.  

structurestin~basedon.l>tat ond evaporationdirectionI144(thesameassecondevaporation 

direction1140)togeneratesecondelectrodelayer1146.Second 4 

14 I 
44 

(thesameassecondevaporationairectioniI40)canbesubstantiallyparallel(ea'C, xVithin.WI 

errorrangeof±2~)toanothered~zeoffirstpatternstructureI124andanotheredgeofatleast 

oneofsecondpatternstructures1128.  

I.. "V 

[00S2I Insomeembodiments.,firstevaporationdirectionI1.32(th.esam.eastirst 

a 9 36)canbe tosecond directionII40 
evaporationdirectionII A (the 

e 9 

sameassecond.evaporationdirection21.Ti46)toensurethatthesizeintbrrnationofthe 

4 

generatedJosephsonjunctioiimeetsapresetrequirementandtopreventalinewidthsizeof 

th~uen~ratedJosephsonajunction.frombecorninudii.  

A evaporationdirectionI144
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I AtstepII12(notillustratedinFigs11), St orphotoresistlayer:r1=21.8k 

removedtoobtainJosephson C ,I inthliidiflgfirstJosephsonjunctionII26andsecond 

I I 

JosephsonjunctionsII30. FirstJosephsonjunctionII.26canincludefirstelectrodelayer 
I134.theiilsulatinQlavemandsecondelectrodelayer1142.SecoiidJosephsonjunctionI130 

-a' ad 

9 

canincludefirstelectrodelayerII.3&theinsulatinglayerandsecondelectrodelayerII.46.  
C, 

IO4J~41 Itshouldbenotedthatduetothecorrespondencebetweenthejunctionareaof 
firstJosephson.jimetion1.126andelectricalfeatures(c~a 9 

electromagneticfieldenergy 

* rUr 9 * den.sity~capacitanceorinductance),whenfirstJosephsonjtmn.ctionII.26ispreparedby 

9 C proceSSII009theinfluenceofthechangeinthephotoresistthicknessandthechanocinthe 

I 

evaporationaimdeonfirstJosephsonjunctionI126canbeeffcctivch~reduced. Insuchcases., 

thejunctionareaofaJosephson jtLflCtiOiIcanonlyberelatedtothelinewidthcorresponding 
a 

n c~. 4 prCpat3~t~011 9 

tofirstpatternstructureII2zLS thus~. en.su.rinohi.gh~quaiitva 3  operation 

TheJosephsonjunctions.  

[OO85J AftertheJosephsonjunctionis@enerated-a ~nask.plate . a caiberemoved.In 

4 

someembodiments~maskplateII22canberemovedusinganor~an.icsolventorahigh

frequencyvaporphaseetchhwmethod.~fJ skilledintheartcan.useothermethodsto 

I 

andeffectivelywhichwii.inotbedetailedherein.  

C 

j0086J AtstepII.~4(notillustratedin.FigsI1)9afterfirstJosephsonjunctionI126and 

secondJosephson junctionsII.30arcobtainedfirstJosephsonjunctionII26andsecond 

JosephsonjunctionsI130can.beusedtoprepareasuperconductingdevice~Bywayof 
4 ~1 

4 

exam.ple~.secondJosephsongunction.sII30canbeconnectedinsenes~.andsecondJosephson 

9 C , 4 

junctionsII3C)canbeconnectedinparalleltofirstJosephsonjunctionI21.26,sothata 

superconductingdevicewithan.adjustablemagneticfluxcanbegenerated.The 

superconductingdevicecanhaveaiornzcorrelationtim~.  

'-' '-S 

LK) 

removemaskplateI122~aslongasitensuresthatmaskplateI122canberemovedstably
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100871 %~' teclintealsolutiondescribedinassociationwithFic~IIcanenstirethatfirst 

C t 

Josephsonjim.cPonII.26andsecondJosephsonjunctionsII30arcprcparQdsimultaneously.  
j 

N 'firstYiLCtrodj1 layerI134orfirst 
_ r r(e.g~, 
Nioreoverduringgenerationcia.firstelectrodelayc 

at r(e~g.,sQconcLQiQCtrOdClayerI142or 
electrodelaYQr1.138)andasecondelectrodelaw 

first 
secondelectrodelayerII.46tafirstevaporationdirection(ec~ evaporationdirection 

. 'U,,, 

Uorfirst S direcaon evaporation. ,o4 ~ withinanQITOr 

range Qft20 )tOancdacoffirstpatternstructureI124andanedgeofatleastt)flCofsecond 

ant" * A U patternstructuresJ*J*r28 iso9 durhwm~ generationofiheffrsteketrodelayerandthesecond 
electrodelayerasecondevaporation C t 

-, direction(Q. ~ secondevaporationdirectionII40or 

secondevaporationdirectionI.144)canbostibsiantiall parallel~c4 g~,withinanerrorrangeof 

p-ra~d )to~motiicredgeoffirstpatternstructureII24andanothered~cofatleastoneofsecon.d 

C 

patternstuictitresII28~Bydoin2so~theinfluenceofthcevaporationdirectionorthe 
*0 9 

influenceofthethicknessofthe photoresistonthequalityofthcJosephsonjunction~an 

*1 

areaoftheJosephson.junction.,aenticalcuffeiltoftheJosephsonjunctionoraflOiP 

~ V 

su.pcrconductiniznormaL-statercsistanceoftheJosephson.iunction)cartberoduced.  
Accordintr thequalityoffirstJosephson a , 4 

junctionII.26an.dsecondJosephsonjunctions 

LiLI30canbeensuredandtheuniforrnitxiandx;icldof I 9 

S 

unproved.  
j0088J Flg.12isaschQmaticstructuraldiaorarn.i.ihistratiiwanapparatusI200for 

a* r 

preparingaJosephsonjunctionconsistentwithsomeembodimentsofthisdisclosures 

S 

ApparatusI200canbeusedforprcpann~awafer-level.JosephsonIt~uiction.Insome 
a) 

embodimentsa~pparatus1200canpcrfbrmavivofmethodsGOQ700,900,or1000described 

* C * C 
~4 6-7andi~igs.94.0.AsshowninFio12,apparatus1200canifleludo Inassocuation.withFjo"ij 

* * 

anacquisitionmoduleI20Than.evaporationmodule12O4~agcncratioiimoduleI2O6~anda 

U * preparationmodule.~ 208~ItshouldbenotedthatacquisitionmoduleI202.evaporation 
St 

ts) 

prepanngJosephsonjunctionscanbe
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~eneraii.oumodulei2O6~andpreparationmodule1208canbeimplementedas 

moduleI2045w *9 

softwarernod.uies~a, hardwaremodules(aa in.ci.u.ding C t 

circuitrytCIacombinationofsoftxvare 

modulesandhardwaremodules.  
* 

1(10891 Acquisitionniociule1202canbeCt)flfiguredtoobtainati.rstpatternstructurefor 

generattnuafirstJosephson~junctionofafirsttypeand.apluralityofsecondpatternstructures 

I 

forgcneratin~apluralityotsecondJosephsonjunctionsccaseconci~~CbAjtinctionareaof 

thefirstJosephsonjunctioncan.bedifferentr~ unctionareaofatleastoneofthe 

4 A 

plural.ttvOfSCCOBdJosephSonjuncnons 
C 

~ EvaporationmoduleI204canbeconfiguredtocauseapparatusI200toevaporate 

amatenalonthefirstpatternstructureandthepluralityofsecondpatternstnictiircsbasedon 

9 9 9 

afirstevaporation.directioiitogenerateafirstelectrodeiay'erforimplementingintormation.  
transmission~ evaporation ~ J parallel(e.~r wtthtnanerror 

besubstantiaiiv . 0'~ 

ranQeof±2~)toanedocofthefirstpatternstructureandanedgeofatleastoneofthe 

pluralityofsecondpattern.structures.  

100911 Gen.erati.onmodule1206canbeconfiguredtocauseapparatu.sI200hforman 

0 layer.3 onthefirstelectrodelayer.TheinsulatinQlayercanincludeacompound.  

100921 Evaporationnwduie1204canbefurtherconfir~iaredtocauseapparatu.sI200to 

e 

evaporatethematernalonthefirstpatternstructureandthepluralityofsecondpattern 

structuresbasedonasecondevaporationdirectiontogenerateasecondelectrodelayerfor 

I..  

impleinentinQintbrmation.transmission. Thesecondevaporationdirectioncanbe 

q 

Su.bstann.ailV~parallel(ec~ withinanerrorrangeof± 2 0 ~ )totheedt ~eofthefirstpattern 
~4aC 

structureand~ cbxCoftheatleastoneofthepluralityofsecondpattern.stni.ctn.res.  

CC 

I~O931 Preparationinod~ile1208~ beconikuredtocauseapparatus1200toformthe 
firstJosephson junctonbasedonthefirstelectrodelayer~cneratedonthefirstpattern 

correspondin~tothemateiiai
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sbiacturetheinsul.atiurzlayerandthesecondelectrodelavei 

d ~generatedonthefirstpattern 

structureandtofonnthepluralityofsecond.Josephsonjunctionsbasedonthefirst 0 

layer~ eneratedonthepluralityofsecondpatternstructures~the ~s aycrandthe 
*1 

secondelectrodelayergeneratedonthepluralityofsecondpatternstructures.  

4 

100941 111someembodimentsthejunctionareaofthefirstJosephsonjunctioncanbe 
smallerthanorequa.itoapresetarea.andthejunctionareaoftheatleastoneofthepluralitxr 

lunctionscanbegreaterthan.thepresetarea.  
ofsecondJosephson * 

i~~951 Insomeembodiments..toobtain.thefirstpatternstructureandthepiuraliLvof 

secondpatternstruchiros, e * e gnf 

acquisitionmodulei2Q anbeconfiguredtocauseapparatus1200 
toobtainamaskplateforprcparinQawafer-levelJosephsonjunction.Themaskplatecan 

4 doafirstmaskregionfor 
prepanngthefirstJosephsoiijunctionandapluralityofsecon.d 

maskregionsfor 4 * e a 

preparingthepluralityofsecondJosephsonluncn.ons. Acquisitionmodule 

1202canbefufiherconfiguredtocauseapparatus1200toobtainthefirstpatternstructure 

*19t 

throughthefirstmaskregions.andtoobtain.thepluralityofsecondpattern.structQresthrough 

thepluralityofsecondmaskregions 

4 

1009(1 Tnsomeembodimentsatoobtain.thefirstpatternstructureandthepluralityof 

apparatusI2(M)toobtainasubstratestructuretoformaphotoresistlayeronthesubstrate 

t structureandtoperform.etchino~onthephotoresistIaXTCrthroughthemaskplatetoobtainthe 
4 ~.1 

firstpatternstructureandthepluralityofsecondpatternsruh.  

4 4 [00971 unsomeembodinIcnts~acquisitionmodule1202canbecontkuredtocause 
S 

4 4 

apparatus1200toobtainan.electricalparameterfordefiningthefirstJosephsonjunction.  
determineajunctionareaofthefirst 

Pv moduleI.204canbeconfiguredto S t 

Josephsonjunctionbasedontheelectricalparameter.Bywayofcxainpie~theelectrical 

ts) 

secondpatternstructuresacquisitionmodffic1202canbefurtherconfiguredtocause
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q 

parametercan.includeatkastoneofelectrom.acmtncfieldenerizydensitycapacitanceor 

mdiidn.  

I 0 

100981 in r% ~rnbodiinent&.*1 acquisition 1202canbeconfiQurcdtocmase 
I..  

apparatusI2CC)toobtainanevaporationangleforpreparingthepluralityofsecon.dJosephson 

* 

u.lieevaporationangiecancorrespondtoatleastoneofthefirstevaporation 

directionorthesecondevaporationdirection.Evaporationmoduic1204canbeconfiguredto 

determineadesignedjunctionarea * with.thepluralityofsecondJosephson 

e U junctionsbasedontheevaporationangle 

~ Tinsomeem.bodimontsatodetQrcnin.ethedcswnedjunctionarQa. 9 evaporation 

module1204canbeifutherconfiguredtocauseapparatus1200toobtainthickness 

9iI!IQIILF.4LIU!IOfthephotoresistlayerfor q r ~~1Lre' 

andto 4 thedcskncd 4 4 4 

I 

evaporationangle.Thedesignedjunctionareacanbegreaterthanorequaltoajunctionarea 

ofatleastoneofthepluralityofsecondJosephsonjunctions.  

9 

1(1~¶M~j1 Insomeem.bodimcnts~.todeterminetiedesiunedjunctionareaevaporation 
module1204canbeThitherconfiguredtoobtaina. 4 

cosinevai.u.ecorrespoiidin~tothe 

4 

evaporation jietodeterminetheproductvalueofthecosinevalueandthethickness 

9 4 4 IBITom~aflori. ~andtodeterminethedesionedluncuon.areabasedontheproductvalue.  
A w 4 

Its,10111 insomeembodtmentsanangleformedbetween.thefirst C 4 

andagravitydirectionisQreaterthanorequaltoIUtandlessthanorequalto60~Insome 
embodiments..th.efirstevaporationdirectionisperpendiculartotheseconde 4 

-S evaporation 

direction.insomeembodimentsthepluralityofsecondJosephsonUguncUonsareconnected.in 

senes9 an.dthefirstJosephsonjunction.i.sconnectedinparalleltothepluralityofsccon.d 

Josephsonjunctions.In.somvmb 9 thematerialcompusesatleastoneofaluminuzcn..  
t -/ 

binary 9 a a 

ternarynitrideorcompositeoxide.  

ts) 

anQ
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~ * 

101(J2I ConsistentwithSorrieembodimentsofthisdisclosurethestructureofapparatus 

inFig.12canbeimplementedasanelectronicdQvicc.The.electronicdQvtcccan 

includevariousdevicessuchasamobilephone15 atabletc~inp~tcr~7 oraserver.Fig.13kisa 

schematicstructuraldiagramillustratinganelectronicdeviceI3OOkfor= pairing 

* ~ * 

JosephsonjunctionconsistentxvithSomeembodimentsofthisdisclosure. AsshowninFi~ 

13kelectronicdevice1300Acanincludeaprocessor11302andamemoryi~O4.Memory 
T1304canbeusedtostoreaprogian~iCc~inciudin~oneormorecomputerS * 

instructions)for 

* deviceI300AtoperformamethodforpreparingaJosephsonS suchas 

90kor1000describedinassociationwithFigs6r7andFins940.  

methods600 00, -p ~ e 

ProcessorI.302canbeconfiguredtoexecutetheprogramstoredinmemoryI.304.Electronic 
deviceI3OQikcanalsoincludecommunication *9~ * 

interlaceI306forelectronicdevice1.3OCiAto 

C 

communicatewithanotherdeviceoracommunicationnetwork.  

If)~i3a! Consistentwithsomeembodimentsofihisdisclosure..Fig.13Bisablockdiagran~ 

circuit.consistentwith.some 
ofanexamplesvstem1300Bforoperatingaquantum0 4 ~1 

embodimentsofthisdisclosureInsomeembodimentssy~teIn.I3GOBcanS computer 
S 

(e~ 4 aclassical.computer)configuredtoexecuteoperation.sforoperatinaa~ S 

described I with 
as a~ociaion igs. ~AsdepictedinFig.13Ksystem1300Bincludesa 

S A' processor1.308thatcanbeinoperableconnectionwitha111C1110f7I310.aniiIput/otLtput(1/0) 
c~ -I 

moduleI3~2,andanetwotkinterfacecontroller(NIC)I3164 

101041 Whenprocessor1308executesinstructionsdescribed = systemI3GOBcan 

becomeaspecializedmachinefor prepannQaJosephsonjunction.Processor1308can.beany 

4 

I)7pCofcircuitrycapableofmanipulatingorprocessin~information~Forexample~processor 
308canincludeany 

combinationofanynumberofacentralprocessino~unit(or~C.PU"),a 

S S 

graphicsprocessino~uiiit(or~GPiLJ"),aneuralprocessm.gunit('~NPtJ"),amicrocontroller 
unit(ivitu),art S iogi~ S 

opneatprocessor~aproiamma~ ,**3 rton microcontroller.a 

30 

-~
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*rrucroprocessomadigitalsPziiaiprocessorp an* property(IP)corc~aProgrammable 
0 (a) S -* 

Logic (PLA}. ArrayLoQic(PALMaGeneric.AxravLoojc(GAL),a 

0 3 

ComplexProgrammableLo~ncDevice(CPLD)aFie1d~Prograimnab1eGateArray(FPGAVa 

System OnChip(SoC>.anA.pplication~SpeciticIntegratedCircuit(ASIC).orthelike~In 
S I, 

some processor1308canalsobeasetofprocessors(notshowninFig.13B) 

grouped.asasinglelogicalcomponent.  

* 

I~~iJ~I Memory1310canincludeasingleruenioryorapluralityofmemoriesthatcanbe 
codes..niermed.iatedata.or 

#4,con.twiireltostoredata1312(cg, asetofinstructions5 ftOflij~tit~r St * 

datafbi:output).MemoryI310can.includeahi.gh~speedrandom~accessstora~zedeviceora 

non-volatilestoragedevice. Insomeembodiments~,memory1310can3 any 

combination.tAanynumberofarandom~accessmemory 4 

(RDM)anopticaldisc~amasmeticdiSkahardd.rivc.asoiid~statedrivea.flashdfl.vea.  
0*- *1 

securitydigital(SD)card5 amemorystick5 a.compactflash(CFcardorthe e.Memory 
1310canalsobeagroupofmemories(notshown4 4 

inFig41313)groupedasasinglelogical 

9 componentProcessor1.308canaccesstheprograminstructionsanddataI31.2andexecute 

timprogram4mstni.ctionstoperfoimanoperationormanipulationondataI312.Asdepicted 

4 4 

preparerI.320.ForexampleJosephsonjunctionpreparerI320canincludeinstructionsto 

e 

implementthemethoddescribed.in.associationwithFigs.64.2toprepareaJosephson 

junction.  
4 [OF}6I Foreaseofexplanationwithoutcausiiur ~processor1.308andotherdata 

* 4 C 4 processingcircuitsarecoliecti.vel.vreferredtoasa~dataprocessmgcircuit"inthisdisclosure.  
4-.' 

Thedata. eproccsswmcircuitcanbeimplon-tentedentireivas S e hardware 9 orasacombinationof 

softwarehardwareortirm.ware.. Inaddition.,thedataprocessing 4 *1 can.bea4 

31 

inFig.13WmemoryI310canstoreanoperatinQsystem131SandaJosephsonI
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4 4 

independentmoduleorcanbecombinedentirelyorpartiallyintoavivothercomponentof' 
V V 

system130013.  
~2 

4 

101071 input/outputmodule(I/O)I.314canstoreandretrievedatafromadatabaseI322 

Forexampledatabasej311cana datastructuresdescribingcjuantwncircuitsanddata 
structuresdeschbinrzquantum.oatesNIC~316can * 

providewiredorwirelesscommunication 

betweensystemI3GOBandanetwork(c~g. , InternetI324~anintraneta.localareanetworka.  

in@bilecom.mtLnicatioiIsnetworkorthelike)~SystemI3GOBcanreceivedataand 

4 overanetworkusingNICI.316an.dcantransmitdataandinstmcti.onsovera 

usinc~Nit.I316.insomeernbodiments~MC.I31.6canincludeanycombinationofa 

3 

radiofrequency(RI')rnodu1c~atransponderatransceivera.moderna.routcr~agatcwav~a 

4 networkadaptera 4 networkadapteraBiiwtoothadapteraninfraredadaptera 

near4ieidcommunication(c~NFC7~)adapterora.cellularnetworkciPp.  

(3198a! ASdepictedinFig.13KsystemI3GOBcanalsocommunicativelycouplewith 

(e. via I314orMC1.316)aquantum computingdeviceI32.6. Income .  

system130GBcanbeaclassicalcomputer(oc~ adesktopcon1p1~tcr 5 ahtptopcomputerora 
ad 

compute~1thatisindependentfromquantumcompu.t.ni~device1.326. income 

a 

111 14.NtIS.1=31~"' ordatabase1322)and devices 4 C' rnernouL&Itiq~ -I I 

e 4 6) C e 

quantumcomputingdeviceIIA. . QuantumcomputmodeviceI326caninclude 

C 4 anynumberofam. ~peofquanbmcircuits(thatincludequantumQates)foroperatingon 

4 qubi~tsaswellasperipheraldevices a cryostatslasergeneratorselectricoscillators)for 
A A 

maintainingandsuppodin~thequantum~circmts.insome x quantum computingg 

fiinchonin2asaquantumdataplanefor 
device1326canincludehardwarecomponents 4 e 

4 4 preparingandstoring St qubits~acontrolandmeasurementplaneforexecutingoperationson 

4 4 

thequbitsandmeasurimwtheresultirw Z~qubitsand.acontrolprocessorpianofordetennmmg 

32 

embodinmntssystemI30GBcanincludeclassicalcomputingdevices~g~,processor130K
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thesequenceofoperationsandumasurernentsbasedon.analgorithmormeasurement 

t t 

em.\VhQnsystemI3GOBisaclassical.cornputcmitcanassistquantumcomputum 
A' 

device1326fornctwotkaccessCe ¾ usingdatabase 

1316+.ari.duserintcractioiis(c tg~,viaI/O1314%.  
I, 

I~~~91 Consistentwithsomeembodimentsofthi.sdisclosureFig.1.3Cisaschematic 
p 

diagramillustratinoan . quantumcontrollerI.328foroperating(e~g., controlling 

9 q 

qubitsforcoinpu.tation.,ct)ntroi.lingL]ubitsforcompilingoranyinanipLIlationofqubit) 
circuits 4 shown) A A 4 

quantum qu.u cu. as , Quantu.mcircuit1=330caninclude 
e 9 oneormorequbits.intimnonwllrnltl.nQexampledepictedintio~ d quantumcircuit330 

canincludequbits1332and1334.Forexamplequbits - s~ and1334canberflUy~~jUjfl 

9 

qubits.Tocontinuethisexainpie~eachofqQbitsI~~zand1334canbeimplementedusinga 

9 

Josephsonjunction.e.,Josephsonjunction.~336orI338)shunted.byacapacitor(e~ 

capacitorI340orI342)andaninductor(c~g.,inductor1344or1346).Eachofinductors 
T1344and1346canberealizedbxranarrax~ofJosephson4 *1 4 4 

junctIons(notshownin.Fig.13(7).  

Eachofqubits1334and1334canbeconstructedtooperateatalocalminimum.4Infrequency 
4 w~ard.stoabiasingmaoneticflux.iiithi.s 0 4 

a nondimitinoexample.,qubitsI332andI334 

chara&coup1ed~orthelike)betweenqubits=1 ~4and1334.SuchcoQplingcan 4 

aliQnm.entofthequbitfrequencies.Whenquantumcircuit1330isnot4 4 

133:2and1334canbe 4 4 

[411.*1~)1 Insomeembodiments.,quantumcirciut1330canberealizedusingachip 

4 4 &IHtI. ~34 Lkflskt * 
con~taini.n.gqubitsI.S It., ~r as couplinginU~LVV~.~stJ., AL.L 8011K~siJ.IUtj~4.titi~.J.ttZt 

4 

quantumcircuitI330can.beimplementedasachipinquantumcom.putiiwdevicei~~>6in 

Fir'1313.  

33 

canbecoupledusingacapacitorI34Kimplementingtransverseresonantcoupling(e.g.~
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101*1II Insomeem.bodimcnts~.thechipcanincludeoneofmorecouplingstoaquantum 
controllerj328.Quantumcontroller1328canbeadio~ital e e 

computingdevice(e~ga 

computingdeviceincludingacentral CprocessinQUnitgraphicalprocessingunit*1= application 

specificintegratedcircuit~tieid~program.mabicgatearrayorothersuilabieprocQssor).' 

* V 

QuantumcontrollerI.328canconfigurequantum.circuitI330forcomputation(e ., by 

c e t 

atnw . t providecomputationalQates~orrQadstateinformation.  

* 

outofquanuarncircuitI330.  
in'I2j a * S 

sorricembodimentsofthisdisclosurequantumcontrollerI~z 

e canconfigurequantumcircuitI330byenablingaQateoperationtobeperformedonOYIQor 
a 'a, 

inciudinQ CM 

morequbitsui~A1tILI1Lquttiuiun~ tt~, qubits1332and1334).Insom~ 

embodimentsquantum.circihtI330canbeconfiguredbyprovidiimoneormorebiasdrives 

tomovetwoqubitsintoresonance.QuantumcontrollerI328canprovidetheoneormore 

biasdrivesdirectlyto 3 1330,orcanprovide .4 9 

instrucuonstoabiasdrivesource(et.  
waveformgeneratororthelike), 4 

causingthebiasdrivesourcetoprovidethebiasdrivesto 
circutt1330.insome~mb~dim~nt~providiiwthebiasdrivecan9 

passingacurrent 
C 9 

throughacoilexternaltocircuitI.33C).invariousembodimentsprovidinathebiasdrivecan 

limitedtoaparticularmethodofprovidint thebiasdriyeorapateidarmethodofbiasiiv~the 

qubits.  

101131 Consistentwithsomeembodinmntsofthisdisciosurc~.quantumcontroller1328 

4 4 

caniinplcnicntcomputationalt~atesoncucuit1.~n0.QimmWmcontrollerI328canimplement 

suchcratesb~providingoneormorecomputationaldrivestocorrespondi.n.gqubitsin 9 

I33o~~byprovidiiwinstructionstoacomputatione drivesource(c0 awaveformgenerator 

4 4 

orth.eliketcausingthecomputationaldrivesowcetoprovidetheo~eormorecomputational 

drivesto 9 1.330. Suchcomputationaldrivescan9 microwavedriyesTlx~ 

34 

includepassingacurrentthroughacoilonthechip.rElic disclosedembodimentsarenot
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* computationalcinvescanincludestnus@i.dal.wavessquarewavespulse . ~,orothcr 

e quantumgatedriveshavingparametersselectedbythequantumcontrollerI~~>8toimplement 

quantumgatesonthequbits.Theoneormorecomputationaldrivescanbeprovidedto 'n~M 

'.- iubitsusingoneormorect)ilscoupledtothecorrespondingqubits~Thecoils 

4 

canbeexternaltocircui.t1330oronachipcontainingcircuit1330.  

U4J CoiiSistentwithsomeembodinmntsoftIPsdisciosuroquantumcontroller1328 

.  

canbeconfia 6 urcdtodeterminestateilifornIationforquantumcircuitI330. Income 

a embodimentsquantumcontrollerI328canmeasureastateofoneormorequbitsofcircuit 

I330.Thestatecanbemeasureduponcompletionofasequenceofoneormorequantum 

operations~insonmcmbodiments~quantumcontroilerI328canprovideaprobesignal(e 

4 4 

anucroxvaveprobetone)toacoupledresonatoroicircuit ~GrprovideiflStiliCUOflStoa 
readout tatgtt ( anarbitrarywaveform~en.erator)thatprovidestheprobesional.In 

4 0 ci 

variousembodimentsquantumcontroller132Scaninclude5 orbeconfiguredto I 

"4 *1 4 troiri~,adetectorconfiguredtodeterwimeanamplitudearidphaseofanoutput 

siunaireccivedfromthecoupledresonatorinresponsetoprovisionofthe 4 

4 4 

I FVh amplitudeandphaseoftheoutputsmualcanbeusedtodeterminethestateofthe 

measuringthestateofthequbits.  

ItsI15J ThedisclosedembodimentsarenotlimitedtoembodimentsC 
inwhichquantum 

controller1328controlsonlya.0 4 

quantumcircuit.Insomeembodimentsquantum 
controllerI328cancontrolnmltiplcquantumcircuits(whichcanbeidenticalin 

C 

implementationorcandifferinmmnn.Forexarnpie~,quantumcontrollerI328cart 
couttolafirst, transmon~qubit-ba.scdquantum.  

circui.tandasecondf1.uxonium-qu.biPbased.  
C 

quantum circuit.In.someembodi.mentsquantumcontrollerI328canbecapableof 

a a a 

independentlycontrollingthemultiplequantumcircuits~Insomernszances~forexampleeach 

probedqubit(s). Thedisclosedembodimentsarenotlimitedtoanyparticularmethodof
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ofthemultiplequantumcircuitscanbe pertontmngdifferentcontemporaneouscomputations 

in e * S 

variousinstances~.themultiplequantumcircuitcanbeinvolvedinthesamecomputation.  
(cit..parallelconiputations~orthelike).  

I~J 2 i.  

I161 Consistentwithsoniccnibodiincntsofthis . 9 quantumcontrollerI328 

* and .fr 9 

canconfigurequantumcircuitt-r ti k p computational to 
basedatleastinpartontim&bta.incdstatcinfonnation.insomecrnbodinicntsquanThra 

ct)ntroilcr1328canbeincludedaspartofcomputingdevice13269inFig 4 1313.  

S a a 

in'I*Tf Fig.I4isaschematicdia~raniillustratingasuperconductingdevice1.40(1.  

e 

consistentwithsonmembodimentsofihis u.insomeembodiments 9 themaQnctic 0* 

fluxof I 4-fl 14 
supcrconductiiiQdevkt (II)caxibecontrollable. ASshowninFig.14., 

9 

superconductingdeviceI400canincludeafirstJosephsonjunctionI402.ofafirsttypo 

connectedinparalleltoapluralityofsecond.Josephsonjunct~ollS1404asecondtype.Second 

9 A~I 

Josephsonjunctions1404arecoimectedinseries.Bywayofcxainpio~tirstJosephson 

*1 4 

junction14U' Josephsonjunctions1404can.begenerated~7 pertoriningatleast 
oneofmethodsGOQ700, *9 S 

900or1000describedinassociationwith.Fig&&r7 ~JFias~940.  

io:iLIS~ Consistentwithsomeembodimentsofth.isdiSclOSurednorvtra.nsitorycomputers 

providedherein.Thenon-transitorycomputer-readablestoragemedium canincludeprograms 

pefformingamethodforprcpanngaJosephsonjunctionorprocessdisclosedherein(c 1 g 

methods6%~7OO~.90(1or1000describedinassociationwithFigs.6-7andFigs 0 9-10).  

[WI.I91 Thecmbodiment.scan.furtherbedescribedusingthefollowingclauses: 

V 9 4 

I. AmethodforpreparingaJosephsonjuncPon~themethodcompnsm.  

9 

obtainingafirstpattern.structurefdr%~cneratingafirstJosephsonjunctionofafirst -C, 

4 

hrc~ peandapluralityofsecondpatternstructurestbrgeneratingapiurai~tyofsecond 

36 

readablestora.QcmediumforstoringcomputersoftwareI usedbyanapparatusis
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* a * 

Josephsonjunctionsofasecondt~rpc, whereinajunctionareaofthefirstJosephsonjunction 
a.  

* C 

IsdifferentfromajiinchonareaofatleastoneofthepluralityofsecondJosephsonjunctions: 

cvaporatinQamaterialonthetirsipatternstructureandthephtra.iitvofsecond 

patternstructuresbasedonafirstevaporationdirectiontogenerateafirstelectrodelayertot 

a q * 4 

implementinginformationtransrnissi.ouwherein.thefirstevaporationdirectionis 
r paralleltoandoeorfihefirstpatternstructureandanedgeofatleastoneorfUK 

Substantially CM 

phirahtvofsecondpattern.structures: 

* * 

fom~rn.ganinsulatinglayeronthefirstelectrodelaYer.theinsu.iati.n.glayer 

C 
4 

comprisirm;acompound.correspondingtothematenal; 

0 

cvaporatinQthematerialonthefirstpatternstructureandthepluralityofsecond 

patternstructuresbasedonasecondevaporation.directiontogenerateasecondelectrode 

4 C a. 
4 

layerforimpiemen.tmt~intbrrnationtransrnission~wherein.thesecondevaporationdimotionIs 

sub .4 stanuallye~ paralleltotheedgeofthcfirstpatternstrueftireandtheedgeoftheatleastone 

ofthepluralityofsecondpatternstructures;and 

C 

formrn.gthefirstJosephsonjunction.basedonthefirstelectrodelayergeneratedon S 

thefirstpatternstructurcx.theinsulatint~laye an.dthesecondelectrode ~ rgeneratedonthe 

firstpatternstrnctwc~andformingthepluralityofsecondJosephson.C 

firstelectrodelayergeneratedonthepluralityofsecondpatternstructnres~theinsu.iatin.g 
layerandthesecondelectrodelayerQcncratcdonthepluralityotsecondpattern rur.  

.5- .5- C, 

7 !I~hemethodofclauseI, whereinthejunctionareaofthefirstJosephson 
..raM' ~ 

C 

junctionissmallerthanorequaltoapresetarea.andthejunctionareaoftheatleastoneof 
theplurality~fsecondJosephson.a C C 

Iunctionsisgreaterthanfl.epresetarea.  
3S A ofanyofclauses1m2~ 0 

9- -J whereinobtainingthefirstpatternstnicturc 

fbi:generatint~thefirstJosephson C ti/pc aridthe r of'secondpattern 

3'p-i 
2' 

alimctionsbasedonthe
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9 

structuresforueucranurzthepluralityofsecondJosephsonjunctionsofthesecondp 

comprises: 

obtainingamaskplateforpreparingawaferdevelJosephsonjunctiom.themask 

plate~afirstmaskregiontotpreparim~th.cfirstJosephsonjunctionandaplumlitv 

q 9 

ofSecOildmaskrer~i.onsforpreparirwthep~ura1itvofsecondJosephsonjunctions4 and 
obtaining Ilicfirstpatternstructurethrotighthcfirstmaskrcgiomandobtainino 

thepluralityofsecondpatternstructuresthroughthepluralityofsecondmask n.  

4. Them&hodofclause3. ~x1ieremobtainingthefirstpatternstructurethrough.  

thefirstmaskregion.and.obtainingthepluralityofc~hrt~fldpatternstructuresthrough.the 

pluralityofsecondmaskrcgionscomprises: 

obtaininrzasubstratestructures 

C 

formingaphotoresistlayeron.thesubstratestructure 
½ 

performingetchingonthephotoresistlayerthroughthemaskplatetoobtainthe 

firstpatternstrLLcttLreandthep1uraiitx~ofsecondpatteni rutu.  

Es~, * Themethodofclause4. 9 the 9 layer * 
2 comprisesanupper 

0 

photoresistlayerandalowerphotoresistlayer.  

6. Th.cmethodofclauseS 9 J 

greaterthanthicknessofthelowerphotoresistlayer.  
V 

.59I themethod.ofaimofclausesI~6afinTh.er ~ 
compri.sinw 

obtaininganelectricalparanwterfordefiningthefirstJosephsonjunction:and 

9 ~ 0 

detennin.mga.iunctionareaofthefirstJosephsonjunctionbasedontheelectrical.  

parameterC 

S ~fl methodofclause7,whereintheelectricalparameter I 

comprisesatleast 

0 0 

OIICof *1electroina'meticticldeneirx~densi.tx~ca *1 orinductancea C , I.flErt't/ Cr' -~ 

9e Themethodofanyofclauses.1~-&further 9 

38 

A
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* obtaininganevaporaPonangleforprepanrwthepluralityofsecondJosephson 

* C C 

jim.ctions9wherein.thecvapcvrat.onaimlecorrespondstoatleastoneofthQfirstevaporation 

c~ir~~~honorthesecondevaporationdirection;and 
I.' 'p 'p 

adesitmedjunctionareaassociatedwith.thepluralityofsecond 

C 

Josephsonjunctionsbasedontheevaporationangle.  

IC)'I'hcmethodofclausea, wlicreindeterminingthedcsiQncdjunctionarea.  

associatedwith.thepluralityofsecondJosephson 'p 4 

"KS 

A 

compiises 

'p 

obtainingthicknessinformationofaphotoresiStlayerforprcpanngthepluralityof 
a 

secondJosephsonjunctions;and 

d.cterminirnzthedesiunedjunctionareabasedonthethicknessinformation.andthe C, 

C C 

exTaporationanideawhereinthedesionedjunctionareaisgreaterthanorequaltoajunction 
-I ci 

.Y. 'p 

areaofatleastoneofthcpluralityotsecondJosephsonjunctions.  

'p 'p 

1.1. ThemethodofclauseI.O~whereindetenniningthedesv4ned-Iunctionarea 
-S C 

basedonthethickness C t4'*~ 

informationandtheevaporation.anilecomprises.  

C obtainingacosinevaluecorrespondingtotheevaporationano~ 

I.' 'p . 'K aproductvalueofthe I.' I.' 

d.etermininrzthedesicmedjunctionarea~basedontheproductvalueC 

i2~'Themethod.ofaimofclauses9~I19whereintheevaporation.aimie 'p comprises 
firstevaporationanticcorrespondingtothefirst 'p 

evaporationdirectionorasecond 

'p 'p 

evaporationangiecorrespondinvtothesecondevaporationdirection.  

I3. Themethodofanyofclauses142whereinanangleformedbetweenthefirst 
S 

evaporationdirectionandaQravitvdirectionisgreaterthanorequaltoIO~a, andlessthanor 

equalto6O~.  

39 

S
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I4.ThemethodofanyofclausesN13, whereinthefirstevaporationdireetionis 
S 

perpendiculartotheseconcievaporationdirection.  

p.r r A ofany 4whorein 
7)4 1ms~pLILYLKIICAS *1 I~ the~nuwnyU~L~zauiiu~U>y1JiPiULi 

9

a a * 'p 
jillictiOnsareconnectedinseriesan.dthefirstJosephsoiijuilcElOn.ISconiiectedinparallelto 

thepluralityofsecondJosephsonY 

I6ThemothodofanyofclauscsI-- I5whercinthematerial 'p 

comprisesatleast 
olIcofalurn.itium5 binarynitride..ternarynitrideorcompositeoxide 

17.Ar,.apparatusfor 4 S 9 S 

preparingaJosephsonjunction 5 theapparatuscornpnsingat 

leastone 'p confbvuredfor: 
as C, 

obtainingafirstpatternstructureforgeneratingafirstJosephsonjunctionofa.first 

lv apluralityofsecondpatternstructuresfor~eneraiuw~ apluralityofsecond 

'p 'p 'p 'p 

Josephsonjunction.s01asecondjPC~xvhCflMllajunctionareaofthefirstJosephsonlunction 
Isdifferentfroma.junctionareaofatleastoneofthepluralitvofsecondJosephson0 'p 

junctionsS 

causinstheapparatustoevaporateamaterialonthefirstpattern.structureandth.e 

pluralityofsecondpatternstructuresbasedonafirstevaporationdirection.togenerateatnt 
electrodelayerforimpiemenuntr 'p -=5 'p 

intbrrnationtransmissionwhereinthefirstevaporation 

leastoneofthepluralityofsecondpattern S 

C 'p 

causingtimapparatu.stotorcnanmsu!atnwlayer0fltimflYStelectrode J- rthe 

insulatinglayercomprisinga*compoundcorrespondinQtothematerial: 

causins~theapparatustoevapomtcthematerialon.thefirstpatternstructureand 

thepluralityofsecondpatternstructuresbasedonasecond. V 

evaporationdirection.togenerate 
asecondelectrodelayerforimplementinginformationtransmissionwhereinthesecond 

'p 'p aliN 
evaporaPondirectionissubstanti. a; paralleltotheedgeofthefirstpatternstructureandthe 

edueoftheatleastoneoftheplural.ttvofsecondpattern L ~ and 

40 

directionissubstantiallyparalleltoaneds eofthefirstpatternstructureandanedgeofat
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9causin~theapparatustoform.thefirstJosephsonq V 

junctionbasedonthefirst 

electrodelayerQCncratedonthefirstpatternstructurcx.theinsulatinglayer 9 andthesecond 
& 0* A' S 

electrode1ax~ergeneratedonthefirstpatternstructurc~andtoformthepluralityofsecond 
2 

Josephsonajuflction.SOasedontileflrstciectroac a] rgeneratedonthephirahtvofsccoiid 

patternstructurestheinsulatinglayerandthesecondelectrode d rgeneratedonthe 

pluralityofsecondpatternstructures.  

9 * 9 

:1.3. AdeviceforpreparinuaJosephson.IQuction..thedevicecompnsing~ 

atleastoneprocessor;and 

~ a 

amemoryconfPzuredtostoreoneormorecomputerm.stmcton.sexecutablebythe 
a a 

atleastoneprocessortocausethedevicetoperform: 
obtajninuafirstpatternstructurefor 9 * 

generatinuafirstJosephson.junctionofafirst 
typeanda.pluralityofsecond.patternstructuresforQ:cneratliwaphuahtvofsecond 

r r 

9 

Josephsonjunctions01asecond:pe~whereinajunctionareaofthefirstJosephsonjunction 

isdifferentfromajunctionarea&fatleastoneofthepluralityofsecondJosephsonJtinctioilY 

9 

evaporatinuamaterialonthefirstpatternstructureandthepluralityofsecond 

patternstructuresbasedonafirstevaporationdirectiontoQeneratcafirstelectrodelayerfor 
C, 

* a 9 9 J a 

sub 

stanti.alivV paralleltoanedgeofthefirstpatternstructureandanedgeofatleastoneoftik 

pluralityotsecondpatternstructures; 

forming"' insulatinolayeronthefirstelectrodelayertheinsuiatinQIayer 

9 

conlprisiilQacompoundcorrespondingtothematerial;~~1 

9 

evaporatnwthematerial.onthefirstpatternstructureandthepluralityofsecond 

patternstnaclzuresbasedonasecondevaporationdirectiontoQcneratcasecondelectrode 

forimplenienting9 foinka~unt.i.c&u 9 9 9 

41 

iinplcnIQntirli i.n.foim.ationtransmissionwhereinthefirstevaporationdirectionis
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substantiq allySt paralleltotheedgeofthefirstpatternstructureandtheedc'toftheatleastone 

ofthcpluralityofsecondpatternstructurcs~and 

formingthefirstJosephsonjunctionbasedonthefirstelectrodelayergeneratedon 
*W 

thefirstpatternstructure.theinsulating r *~ andthesecondelectrodelayerveneratedonthe 
t~ 

firstpatternstructure~andformingthepluralityofsecond.Josephsonjunctionsbasedonthe 

firstelectrodelayc rgeneratedonthepluralityofsecondpatternstrncturcs~theinsulating 

layer.andthesecondelectrodelayergenerated011th.epluralityofsccon.dpatternstructures.  
c~ 

i9Asuperconducting a a a 

circuitinciudinuafirstJosephson.iunctionofafirstix 

connectedinparalleltoapluralityofsecondJosephson9 ofasecondtypewherein 

pluralityofsecondJosephsonjunctionsarcconnectedinscrics~andwhereinthefirst 

9 4 

Josephsonjunction.andthepluralityofsecondJosephsonjunctionsaregeneratedbya 
ad ad 

methodthemethodcomprising.  

obtainingafirstpatternstructureforgeneratingafirstJosephson .4 9 

iv~I P~andapluralityofsecondpattern.structuresforgeneratingapluralityofsecond 

9 a 4 

Josephsonjunctionsairasecondt~rpQ, whereinajunctionareaofthefirstJosephsonjunction 
a.  

9 4 9 

Isdifferentfromajunctionareaofatleaston.eofthepluralityofsecondJosephsoninactions: 

9 

patternstructuresbasedonafirstevaporationdirectionto~enerateafirstelectrodelayerfor U, 

9 C 9 4 9 

ii~plen~entinginfoiroationtransrnissi.on~wherein.thefirstevaporationdirectionis 
S 

Substantially paralleltoanedoeofthefirstpatternstructureandanedgeofatleastoneoftlx~ 

phirahtvofsecondpattern.structures;-Pt 

9 9 

fom~rn.ganinsulatin~rlayeronthefirstelectrodelavemtheinsu.iati.n.glayer 5. V .~ 

0 9 

comprisingacompoundcorrespondingtothenmtenai; 

cvaporatin~th.ematerialonthefirstpatternstructureandthepluralityofsecond 

a 

patternstructuresbasedonasecondevaporation.directiontogenerateasecondelectrode 

42 

cvaporatin~amaterialonthefirstpatternstructurean.dthepluralityofsecond
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layerforimplernentiiwinfomiation * V a 

transmissiom.whereinthesecondevaporationdirectionis 

substanti.ailvparalleltotheedgeofthefirstpatternstructureandthecdszzcoftheatleastone 

oftbepluralityofsecondpatternstnicturesand 

fanningthefirstJosephsonjunctionbasedonthefirstelectrodelayergencmtcdon 

thefirstpatternstructuretheinsuiattnulave andthesecondelectrode ~rrzen.eratedonthe ~ 

firstpaftemstructureandformingthepluralityofsecondJosephsonjunctionsbaN~doiithe 

firstelectrodelayert~en.cratcdOilthepluralityofsecondpatternstructures..theinsulating 
~~1 

layer.andthesecondelectrodelayerueneratedonthephiraJ.itvofsecondpatternstructunttkJ t 

EA* 'A.  

1 0 4 t 

I~Thesupcrcon.ductinocircuitofclause~9~whereinamagneticfluxofthe 0*

supereonductingcircuitiscontroIlabie.  

i(31201 iishouldbenotedthatth.eexampleapparatusesanddevicesdescribed a are 

4 I onlyschernatJc¶wheretheunitsclesciTheciasseparate n Ctan components~ orcannotbeplwsicaliv 
separatedandthecomponentsdisplayedasunitscanorcannotbephysicalunits(e.g.~canbe 

I,, 

locatedinoneplaceorcanbedistributedtoapluralityofnetwork.units). Partorallof Cs 

modulescanbeselectedin.accordance 0 actualneedstoachi.evethepurposeofth.e 

solutionofthepresentern.bodinient.'Thoseofordinaryskillintheartcanunderstandand 

121 Fromthedescriptionoftheabove4 a 

implementationsthoseskilledintheartcan 

0 

clearlyunderstandthatthevariousimplementationscanbeimplemented.bymeansof 

softwarepiUSa. 4-"-.' ~1hrhardwareplatformandcanalsobeimplementedbyacombination 

ofhardwareandsoftware. Basedonsuchunderstandinatheabovetechnicalsolixtioii 

sentiail.vorth.epartcontributingtothe priorartcanbeembodiedintheformofacomputer 
-t 

product.Thepresentdisclosurecanbeintheformotacomputerprogramproduct 

9 

implenmntcdonOUCormoreconiputer-usablestoragemedia(in.ci.udin~butnotlimitedto~a 

43 

implementthesolutionofihepresentembodimentwithoutcreativeeffort.
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maizuetediskmemoryaCDKROMan.optical.memoryandthelike)includingcomputer 

usableproo~ramcode.  

101221 !I~hepresentdisclosureisdescribedwithreferencetoflowchartsorblockdiagrams 

rY; *1 S 

ohmethodsdevicessystemsandcomputerprogramproductsniaccordancewith 

embodimentsofthepresent do.ftshouldbeunderstoodthateachfloworblockinth~ 

flowchartsorblockdiagramsandacombinationofflowsorblocksintheflowchartsorblock 

diagramscanbeimplementedbycomputerpwgraminstructions.Thesecomputerprogram 

instructionscanbeprovidedtoaprocessorofageneral~urposecomputer.aspecialipurpose 

computeranembeddedprocessor~oranotherprogrammabledevicetoproduceamachineso 

thattheinstructionsexecutedhrtheprocessorofihecomputeroranotherprogrammable 

deviceproduceanapparatusforrealizingthe S specifiedinon.cormoreflowsotthe 

flowchartsoroneormoreblocksofth.eblock-diaQrarns.  

If)123a! ~fl computerprograminstructionscartalsobestoredina~ 

coniputei+readablememorythatcandirectacomputeroranotherprogrammabledeviceto 

~vorkinaspecificmanner.sothattheinstructionsstoredinthiscomputci>readablememory 

a. C a.  

~TC)dI1rCCan.articicofmanufacturexnciudinQaninstructionapparatuswhichimplementsthe 

functions I 

diagrams.  

Its,124J Thesecomputerprow:arn. canalsobeloaded.ontoacomputeror 

anotherprogrammabledevicesothata seriesofoperationstepsarcperfomiedonthe 

I.' S 

computer01W.IIJLIIVI program.mableLL~Vt~.'~ producecomputer~impiemented 05 hhirrO 

thattheinstructionsexecutedonthecomputeroraw4herprogrammabl.edeviceprovidesteps 

Dirirnpicmcntnwtilefiinctioi~s specifiedinoneormoreflowsofthcflowchart.soroneor 

moreblocksoftheblockdiagrams.  

44 

specifiedinoneormoreflowsofthcflowchartsoroneormoreblocksoftheblock
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* 

101251 Tnatvpicalconfigurationthecomputingdeviceincludesoneormoreprocessors 

S 

(C.PUs)~aninput/outputinteffaccxanetxvofkinteffaccxand.amemory.~I] memorycan.  

includeavolatilememoryarandomaccess ~J (RAM),oranonrvoiatilememoryin 
'I 

compater~rcadab1c ~*1 (RUNT)oraflashRtkNf.Thememoryis 
medja.C~g., aread-onlymemory 

anexampleofthecompu:ter~read.abiemedium.  

If)1L26J ryj nonmtransitorvcoinputor-roadabicmediumcanincludepermanentortiOfln 

removableornon-removablem.cdi.a~whichcanimplementston~ureofinformation 
permanent -S 

by 4 A 

usinganymethodortechnology.Theinformationcan.becom.puter~rcadab1cin.struction.s~ 
datapatternsprogramrnodui.e&orotherdata.E~xampJesofcomputerstoraizemediainclude 

butarcnotlimited1cma phasechangenmrnorv(PRrXM\astaticrandomaccessmemory 

(SRAMLa rdynamicrandomacQvssniernorv(DRAM).otherIxftCofrandomaccessnieiriorv 

I J arcad~on1vmemoryj (ROM), anetoctricai.iverasablepro~rarnmaNeread~on1y 

memorN(EEPROM)~aflashmemoryorothermemorv 
4 acompactdiscrcad~ 

onlymemomy(CD~ROMtadi4italversatiledisc(DVII)orotheropticalstorageacassette 
C r 

maarznehctape~tapeanddiskstorageorothermagneticstoragedevicesoravivothernone 

informationaQ~ 4b1ebya.com.puthw 
transmissionmediawhichcanbeconfiguredtostore4 4 ssi 
deviceAs A~I icd 4 a 

herenvthenonAransitorycomputer-readablemediumdoesnotinciudQ 

4 

computer~readabletransitomymediasQeliasamodQiateddatasianalandacarrier.  

10127J C itshouldbenotedthattheaboveembodimentsareonlyusedtoillustrate 

thetechnicalsolutionsofthepresentdisclosureandarenotintendedtolimitthepresent 

disclosureA A.iIh.otwh~thepresentdisclosurehasbeendescribedin.detail.withreferencetothe 

4 

foregoingembodiments~thoseofordinaryskillintheartshouldunderstandthatthetechnical 

soiut~onsrecordedinthe forc~o1.n.QvariousembodimentscansffI.lbemodifiedorsomeofthe 

4 4 

technicalfeatures~thereotcanbeequivalentlyreplaced.Thesemodificationsorreplacements 

'-S 

S.
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donotcausetheessenceofthecoffespondin~technicalsolutionstodeviatefromthespirit 

46 

and.scopeofthctechnical.sohi.tion.softhcembodimentsofihepresentdisclosure.
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WHAT'S CLAIMED IS; 

1= AmethodforpreparingaJosephson I C t~~4 4 

obtainins~afirstpattern.structureforgenemtiimafirstJosephsonjunction p9 afirst 

lv apluralityofsecondpatternstructuresfor~eueramwLm~ apiuraititv~fsecond 

JosephsonjunctionsofasecondjpcwhereinajunctionareaofthefirstJosephsonjunction 

.  

isdifferentfromaiuimtio iareaafatleasttineofthepluralityof:secondJosephsonjunctions' 

a U 

evaporatrn.gamaterialonthefirstpatternstructureandthepluralityofsecondpattern 

0 

structuresbasedonafirstevaporationdirectionto~zxenerateafirstciedrodelayerfor 

0 I 

impienlentinQinforn~ationtransmissionwhereinthefirstevaporationdirectionis 
sub 

stamPadiJparalleltoanedgeofthefirstpatternstructureandanedgeofatleastoneoftk 

at 

pluralityotsecond1)affc1~1structures: 

layer fonutinganinsulatinglayeronthefirstelectrode ~ a, theinsuiatinQIt-, layercoi1~jrisin~ 

acompoundcoiTespondins tothemateriaLS 

4 

'I r~ rt evaporatingthematerialonthefirstpattern.structureandthepluralityofsLy (1 

0 

patternstructuresbasedonasecondevaporationdirechontoaenerateasecondelcetrode 

foriinplcnientingS unaLioniran S S S 

sub 
stamPalivVparalleltotheedizeofihefirstpatternstructurearidtheedgeoftheatleastone 

ofthcpluralityofsecondpattern.structures;and.  

fonningthefirstJosephsonjunctionbasedonthefirstelectrode ~ rgeneratedonthe 
firstpatternstructure.theinsui.atiiw~layer.andthesect)ndelectrodelayergeneratedOfl Cs 

St C: 

firstpatternstructureandfonniuc~thepluralityotsecondJosephsonS * 

firstelectrodelayerQeneratedonthepluralityofsecondpatternstructures~theinsuiatinQ 
S -J 

layerandthesecondelectrodelayergeneratedonthepluraiitx~ofsecondpatternstructures.  
St 

4'p-i 2' 

Ifl 51111SSI* .5'
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cc)L*. ThemeimliodofclaimIxvhcreinthelunetionareaofthefirstJosephson.iunctionIs 

smallerthanorequaltoapresetarea. 9 andthe C areaoftheatleastoneoftheplurality 

ofsecondJosephsonjunctionsIIsgreaterthanthepresetarea.  

t-r t Themethod.ofclaimI.,whereinobtaini.n.gffiefirstpatternstructureforgeneratingtht 
N 

firstJosephsonjunctionofthefirstweandthepluralityofsecondpatternstuicturesfor 

*1~eneraung4 Ar1MGpluralityof iosepnson 4JunctiOils ivotflueseconcit' pc~ 4coiriprises: 

obtaininuamaskpktteforpreparingaxvaferlcvclJosephsonjunctionthemaskplate 

c e 4 9 

comprisimzafirstrnastreolonforpreparingthefirstJosephson.junctionan.dapluralityof 

secondmaskregionsforpreparingthepluralitxrofsecondJosephsonjunctions:and 

obtainingthefirstpatternstructurethrough.thefirstmaskregionandobtainingthe 

at 9.  

pluralityotsecondpatternstructuresth.rouizzhthepluralityotsecond.maskrcoions 

4* Themethodofclaim~whereinobtainingthefirstpatternstructurethroughthefirst 

maskreuh C,* )Thandobtainingthepluralityofsecondpattern.structuresthroughthepluralityof 

secondmaskrcQions 4 

C) 

forniirgaphotoresistlayeronthesubstratestructure:and 

C performingetchinQ;onthephotoresistlayerthroui4ithemaskplatetoobtainthefirst 

patternstructureandthepluralityofsecondpatternstructures.  

4 4 

ZIC Themethodofclaim4~whereinthephotoresistlayercomprisesanupperphotoresist 
S..  

layeranda.lowerphotoresistlayer.  
S 

6. Themethodofclaim5, a 4 a 

48 

obtaiiiin&~asubstratestructure;
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thanthicknessofthebwer .9 

7' Themethodot'claimIfttrthercomprisingaa 

obtainiimanelectricalparameterfordcfinirwthefirstJosephsonjunction;and 

a 

determininga~unctionareaofthefh'stJosephsonjunctionbased.ontheelectrical 

parameter.  

8. ThemethodofclaimT~whereinthe * A 

A' electncal.parametercomprisesatleastoneof 

C 0 9 C 

CIectromagnePcLieIdonergydensitv capacitan.ce~orinductance.  
t~I ~ A' 

90 ThemethodofclaimI.,further V a9 

0 C obtaininganevaporationanQieforprepartwzthepluralityofsecondJosephson *0 

jUflOtiollSwhereintheevaporationanglecorrespondstoatleastoneofthefirstevaporation 

directionorthesecondevaporationdirection;and 
detcrmininuadesignedjunctionarea a 

associatedwiththepluralityofsecond 

C 

Josephsonjim.ctioIiSbasedontheevaporation.anrA.  

A * .9 A y 

It(1 Themethod.ofclaim9whereindeterminingthedeswxtedjunctionareaassociated 

withthepluralityotsecondJosephson.9 0 9 S n 

obtainingthicknessinformationofaphotoresistlayerforpreparinGthepturaiitvof 

J .9 

ScCOfldJoseplisonjunctions;and 
determinirwthedesiuned .9 V 

juncti.onareabasedonthethicknessinformationandthe 

a 

evaporation ;iewhereinthedesignedjunctionareaisgreaterthanorequaltoa.junction 

.9 

areaofatleastoneofthepluralityofsecondJosephson~iLinctions.  

49 

C,
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1=II.. Themeimliodofclaim~ p 9 * 

xvhetreindeterminingthedesignedjunctionareabasedon.the 

thickneSS nformationC and.thc 9 9 ..-1 *0= 

obtaininQacosinevaiu&~'-'El spondinQto fl% rva angle; 

dde Srimnin~a~~~i valueofthe COSIflQVaILICandthethicknessin.fornaialiowand 

determiningthedesignedjunePonareabasedontheproductvalue 

12.. IlICmethodofclaim9,xvhcreintheevaporationanclecomprisesafirstevaporatioli 

4 

anglecorrespondingtothefirstovaporattondirectionorasecondevaporationangle 

C 9 

correspondinatothesecond.evaporationdirection.  

It3~ ThemethodofclaimI., whereinanangkfonriedbetweenthefirstevaporation 

~,~zravitvdirectionisgreaterthanorequalto1.QOl 
~dlessthan.orequalto 

14. Themethodofclaim1.,whereinthefirstevaporationdirectionisperpendiculartothe 

secondevaporation.direction 

I5 Themethodotclann~ ~~1 S 

seriesC m.dthefirstJosephsonjunction.isconnectedinparalleltothepluralityof 
secondJosephson. 9 

junctions.  

I6. ridmethodofclaimI, wherdinthematerialcomprisesatleastoneofaiurninum~ 

4 

binarynitride.ternaryn.itrid&orcompositeoxide 
S ~1 

iv, 9 

I7a Allair. paratustorpreparingaJosephson~iwunction.theapparatusCOrnJJMSiIWatleast 

4 a 

on.ccircuitrycon.twuredfor: 0~ 

4% 

whereinthepluralityofsecondJosephsonjunctionsarc
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obtajntn0afirstpatternstructurefor generatinoafirstJosephson.iunctionofafirst 

&INPCandapluralityofsecondpatternstructurQsforQCneratingaphiraiitvofsQcond 

I 

Josephsonjunctionsofasecond:pewhereinajunctionareaofthefirstJosephsonjunction 

S J 

isdifferentfromajuncuonareaofatleastoneofthepluralityofsecondJosQph.son.junctions 

.9 

Causingtheapparatustoevaporateamatenalonthefirstpatternstructureand.the 

pluralityofsecondpatternstructuresbasedonafirstevaporationdirectiontogenerateafirst 
electrodelayerfor *1 

implementinginformationtransinissioii~wherein.thefirstevaporation 

a hon.issubstantiaJ.iyparaiicJ.toanedgeofthefirstpatternstructureandancducofat 

leastoneofth.ephirainyofZ~hCtOftpatternstructures: 
a 

ScausinQtheapparatustoformaninsuiatinQlayeronthefirstelectrodelayer CM 

S 

insulatinglayercornpnsingacompoundCOffCSpOfldtflUtothematerial 
9 

9 4 

causl.nQtheapparatustoevaporatethematerialonthefirstpatternstructureandthe 

S 

pluralityofsecondpatternstructuresbasedona.secondevaporationdirectiontogeneratea.  
secondelectrodelax~er"5 4 S S .9 

transmissionwhereinthesecond 

evaporation 9WrectionYissubstamP. jparalleltotheed~oofthefirstpatternstructureandthe 

edgeoftheatleastoneofthepluralityofsecondpattern L~ ~ and 

S 

layergeneratedonthefirstpatternstructure~theinsulatinglayerandthesecondelectrode 

layergeneratedonthefirstpatternstructure~andtoformthepluralityofsecondJosephson 

junctionsbasedonthefirstelectrodelayerQeneratedonthepluralityofsecondpattern 

C
S C 

secondpatternstructures.  

IS AdeviceforpreparlimaJosephson.S S S 

atleastoneprocessor;and 

4% 

causingtheapparatustoformthefirstJosephsoniunctionbasedonthefirstelectrode
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amemoryconfiguredtostoreasetofinstructionsthatareexecutablebytheatleast 

oneprocessortocauscthedevicetopertbrrn 

0 

obtainingafirstpatternstructureforQeneratrngafirstJosephsonjunctionofa 
firsttypeandapluralityofsecondpatternstructurestotgeneratingapluralityof 
second of secondN 

jIin.c~ons a 'I P~'xvhereinajuncn.ouareaofthefirst 

. 3 

Josephsonjunctionisdifferentfromajunctionareaofatleastoneot'fficpluralityof 

secon.dJosephsonjunction.s; 

4 

evaporatingamaterialonthefirstpatternstructureandthepluralityofsecond 

pafternstructuresbasedon.afirstevaporation.directiontoQencratcafirstelectrode S 

I 

layerforimplementinginformationtransmissionwhereinthefirstevaporation 

substantiallyparalleltoanedgeofthefirstpatternstructureandanedge 

ofatleastoneofthepluralityofsecondpatternstructures; 
fonninganinsulatinglayeronthefirstelectrodelaventheinsulatinglayer 

- ~r 

cornpnsingacompoundcorrespondingtothematerial; 

evaporatingthematenalonthefirstpattern.structureandthepluralityof 
secondpatternstructuresbasedonasecond * 

evaporation.directiontoQencrateasecond 

transmissionwhereinthesecond 

evaporation is sm.as~ paralleltoth.eedgeofthefirstpatternstructure 

andtheed~eofthcatleastoneofthepluralityofsecon.dpatternstructures:and 

9 

fonningthefirstJosephsonjunctionbasedonthefirstelectrodelayer 

generatedonthefirstpatternstructuretheinmiatinglayerandthesecondelectrode 
layer~en.erated.onth.efirstpatternstructurep and 4 

formi.n.gthepluralityofsecond 

Josephsonjunctionsbasedonthefirstelectrode . 11generatedonthepluralityof 

secondpatternstructures~theinstdatlimhive 
r' aridthesecondelectrodelayer 

C' generatedonthepJ.u.raiitvofsecondpatternstructures.  

-'III 

~*6) SSL 

electrodelayerforimpleinoutingintbrmation. I.' I*I
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I9. A. S t AX 

supcrconductrnicircuitincludingafirstJosephsonInactionofafirstty 

connectedinparalleltoapiuraiitxrofsecondJosephsonjunctionsofasecondtype, 0 

thepluralityofsecondJosephsonJ *1 

junctionsarcconnectedinseries~andwhereinthefirst 

9 * 

Josephsonjunction.andthepluralityofsecondJosephsonjunctionsare~eucraiedbya 
4~ U, 

methodthemethodcomprising.  

obtainuiI9afirstpatternstructureforgencratiiigafirstJosephsoniunctionofafirst 
Iv generatingapluralityofsecond 
J P~andapJ.uraiitvofsecondpatternstructuresfor 

C e 4 

Josephsonjunctionsofasecondtype, whereinajunctionarea.ofthefirstJosephsonjundion 

isdifferentfromajunctionareaofatleastoneofthepluralityofsecondJosephsonjunctions; 

9 

evaporatm~arria:ieriaionthefirstpattern.structureandtopluralityofsecond.pattern 

stnicturesbasedon.afirstevaporationdirectiontogenerateafirstelectrodelayertbr 

I 

implementinginformationtransmissionwhereinthefirstevaporationdirectionis 

Sub *1stantialiv0 paralleltoan.ed@eofthetirstpatternstri~ictQi'earidanedgeofatleastoneofthe 

pluralityofsecondpatternstructures;2 

foimjj~o~an0m.siiiatinoj=~onthefirstCiCCttOdrClawi;theinsulatinglayer 0 0 

& .9 r comprising 
a 

acompoundcorrespondin~tothematerial; 

9 a 

evaporatinuthematerialonthefirstpatternstructumandthepluralityofsecond 

patternstructuresbased.onasecondevaporation.directiontoQciwratcasecondelectrode 
layerforimplementinginformation 0 0 3 0 

transmissionwhereinthesecondevaporationdirectionis 
Si~ib *1stantialiv0 paralleltotheedgeofthefirstPattentstructureandtheedctoftheatleastone 

C 

ofthepluralityofsecondpatternstructures;and 

forminQthefirstJosephsonI basedonthefirstelectrodelayergeneratedonthe 

0 

firstpatternstru.ctwe~theA.n.suiatinui.ayer~an.dthesecondelectrodelayergeneratedOHthe 
. 'Its 

firstpatternstructurc~andformingth.epluralityofsecond.Josephson9 basedonthe 

4% 

C S
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firstelectrodeiavcr~enera;tedon.thepluralityofsecondpattern.structures.theinsuiatinu 

I3VQYaand.thesecondelectrodelayero~'noratedonthepluralityofsecondpaftemstructures.  

20. Thesu.perconciucIinc~circuitofclaimI9, I.' *1 

* 

4% 

superconductingcircuiti.scontrollable
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