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Further, techniques for .
represented the Hamiltonian of the quantum system, the behavior of the system could

provide information regarding the solutions to the equation. See Deutsch, 1985,
Proceedings of the Royal Society of London A 400, pp. 97-117.

One limitation in the quantum computing art is the identification of systems
that can support quantum computation. As detailed in the following sections, a qubit,
which is analogous to a “bit” of a classical digital computer, serves as the basis for
storing quantum information. However, qubits must be able to retain coherent
quantum behavior long enough to perform quantum computations. The loss of
coherent quantum behavior is referred to as decoherence. Further, techniques for

reading the state of qubits are needed in order to determine the resuit of a quantum
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qubits. An example of this type of approach is adiabatic quantum computing. See,
for example, Farhi et al., 2001, Science 292, pp. 472-476.

2.2 Qubits

A quantum bit, or qubit, is the quantum mechanical analog of the conventional

digital bit. Instead of only encoding one of two discrete states, like “0” and “1” ina
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2.3 Superconducting Qubits
There are many different technologies that can be used to build quantum

computers. One implementation uses superconducting materials. Superconducting
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qubit can be used to classify superconducting qubits.

For exanple, in one classification schene, when the
wWo@@nabldo4g har gi ng energy of a given super conduPtT/0g2006/000674

qubit is much greater than the overall Josephson

energy of the qubit, the qubit is deened to be a

C waw%erqfﬂw £W0 tipeS Sregfee b mave they Byealy tinles geepiRthen theascepyd

Ofendrg@te@n superconducting qubit is nuch greater than

the overal |l charging energg of the qubit, .he qubit is

deemed Iy qiapfam £y 57Bssesed pBiapbits pehasecad chipegedraconiugic yasiahles.
" NiHals G e Liccurhdy TQeteitaBsh ofthe Sh4sd 1&@5 toprt e uﬁ&ﬁaﬁbp

terns nmeans that one_energ gﬁtern1na beanywhere from

t vib theichwge Y ise aprst CIREEcQURIRAFF PiddnPRprals it chrrgabasis (or

t hagimthen&e &@mdlue BEth@dhatg@ligthork MBI buhile BiaSE QUFkRs
bits nd chagge are conj ugate vari abl es.

u

THafheiphase oy e T llie Sicle BESscde PErRITAMon of t he

phase bﬁﬁgéqtﬂé‘lﬁs &org lhﬁﬁlfgﬁ}ﬁplﬂm@ RfdrahtihYin he cliafe st rogthﬁ and

VI e versa ar ubits. ar sal to oper te in the
g RS TEaP PRy PR bl Fara g CopE P A

c r(a:roge& phis hﬁmroeadgecme; Rl e Waftiel e&:npha@e:hargh lahSconpiets af t&vo

etc!1 ?ns Q)h qu%%aﬁs"&ﬁ?' l’el(gnelBEe{a%tl(y al SFeé f%lr S ?en Iw;% en tandS
[ rﬁlmarrgaﬁfv(lﬁanmntnh@ortmmnge asd Grapsimolnforthaiod Nambeidgavher e
e . ah C f pairs of electrons
a[ﬁme gstltgg}[esg I&@&ggc?ge ﬁ)n §A4§§450

er pairs. per pair has a charge of 2e,
wher e Bhasg qltblrre oeltl@méfm hwl a’scham@emammdn the mdss bsflufstatanof

e ltﬁé:&dﬁg n §ha§9&’tﬁ)@ts o8t :Dﬁxrpexp, ndﬁctﬂg % nnté: el %? b IJ &@phsgﬁ €,

for exanmple, N elsen and uang

CovRstieTat iPhase Jkits Comb further msmaaﬁqu@ﬁ elthsa qu&g%or ‘phase-
UninMe gitidsY FIgk 8tsiis afeRiraéieled bPRlativdyttadd §upePc|3§(§.§tm%loops

qubits, on the other hand, store information in t
e gangrapfigrgsluesentie e af ety lpx Dprieileqgrs Backo et al,

| NebH P rSHPR plo&_siplaggmgt b@g&f Lpﬁa%.&ggi@ur%e@e other

Jose hSOﬂ unc ase S can
di hgnd ngurh@mxzaébsea stnhvélrmeulcttaucequmrp gagreticably ametovsl W

qu‘BhJs@—onlE’I’ %xtq{é@stu?foﬂfaﬁoxpilﬂ%eaf&trﬁgﬂ gﬁgsem/o a@njoéstd J%?elleson

| ar ge superconducting | oops that c tra uxes
ordURcHeN iBickrapting ther Heerenapycting loRp. P‘éﬁeﬁqmﬂa@wes@@e B@é k99,
etzahure 38¥9d79. | EEE Trans. Appl. Superconduct. 7 3638.

"Phase-on| y" on the other hand, ar
char acf'8?f @d’%ﬁgq‘ﬁ"‘éh@F hy8riddybit Ahbad Shtatsélfeeb"th the charge

rrafgm plas€agkeyts d)ﬂ'f&'élidn?/ . coﬁtrol pﬁ@.ﬁﬁn&ﬂ ISyme exbriples S BIbES

I nt or mat . the ro CIoss a
GBI RE e et R Pet R e nabe Pt pagn
| daplicabeeNo.2005-e08aH3l, @hich ﬁxfeﬂ'xa-e‘gt in@irpordt QO refdlahdtrie thdd 8,

7e%ﬁreties.

2.4 Superconducting Flux Qubits
One proposal to build a quantum computer from superconducting qubits is
Bocko et al., 1997, IEEE Transactions on Applied Superconductivity 7, p. 3638. See
also, Makhlin et al., 2001, Review of Modern Physics 73, p. 357—400. Since then,
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change in flux in a first superconducting flux qubit will cause a change in flux in a
second superconducting flux qubit that is coupled to the first superconducting flux
qubit. In ferromagnetic coupling, it is energetically favorable for a change in flux of
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assumption th gy ave been restricted to a classical state, methods and structures in the
art that can measure a large number of qubits in the same circuit are lacking. Usually, a
readout mechanism for one qubit requires a certain amount of circuit board space, as well
as at least one control wire to operate the mechanism. Traditionally, for every additional
qubit in a circuit, an additional readout mechanism for that qubit is used, as well as at least

one additional control wire. This creates a problem in circuit design when a large number



with a higher J nmeaning a stronger anti-ferromagnetic

coupling. Wien J < 0, the coupling is ferronmagneti c,
wWowr1z9ower J neani ng a stronger ferronagnetPCT/CA2006/000674

coupling. Wien J = 0, there is no coupling. Thus,

swi tching the sign of /switches the tyfpe of coupling
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junction. The current flowing in the |oop of the SQU D

can be biased in several different ways. Two exanpl es
wo@Roe@euoxs that differ in the way they are bi aBedCar®e6/000674

dc-SQUIDs and rf-SQUI Ds. Since flux devices interact

via their magnetic fluxes, a SQU D-type device can be

used to couple flux quii Ytatetodthetdrér, |i ke the schene
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coupling device in accordance with an enbodi nent of
the pr 9@&@ayﬁﬁ&mg§eqa§malgeé§4imd fla@hafic 4 doblibShT at es
sequent rral steps I nvol ve n ferromagnetic state
c opsprdance; vith e erpfrodimsateof e preseathmahpdpridgestimsof  t he
present methods and systens. Figure 3B illustrates

sequential steps that follow the steps of FIG 3A
i nvol vEiguie AB illustrates sequential steps that follow the steps of FIG. 4A involved in

adiabatic state copying in accordance with an embodiment of the present methods and

systems.

Figure 5 illustrates an array of coupled flux qubits with readout devices around the

periphery in accordance with an embodiment of the present methods and systems.

Figure 6 illustrates a persistent-current qubit in accordance with the prior art.



ferromagnetic state copying in accordance with an
enbodi nent of the present nethods and systens. Figure
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state copying in accordance with an enbodi nent of the
present methods and systens. Figure 4B illustrates
sequential steps that follow the steps of FIG 4A
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interior qubit od conpri ses |n|t|aI|Z|ng
creadiag @1&|the§tlaa@1@al (s_)qate gf e p¢rme§|qubxt The perimeter qubit is coupled

to the interior qubit via a coupling device having a coupling strength. Further, the
coupling strength is adjustable between a minimum coupling strength and a

predetermined coupling strength.

In still another embodiment, a method of copying a classical state of a first
qubit means to a second qubit means is provided. The method comprises means for
coupling the first qubit means to the second qubit means, means for adjusting at least

one of a tunneling barrier of the first qubit means and a tunneling barrier of the second
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qubit having an associ ated readout device, copying a

classical state of an interior qubit to the perineter
w@ive13093d readi ng out the classical state of PETIEA2006/000674

interior qubit by reading out the classical state of
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of the second qubit is tuned In other embodiments, the tunneling bamer of the

el P =

second qubit is initialized to a high value and decreased, the qubits are coupled, and
then the tunneling barrier of the second qubit is raised to copy the state of the first

qubit.
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wel | . The conputer-readabl e nedi um further stores
executabl e instructions for coupling the first qubit

wa@eaotibw4second qubit for a duration t. 5. DETRCT/EBR2006/000674

DESCRI PTION As will be described in further detai
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the left potential well, well 160-0 of FIG. 1B. Similarly, a qubit having the classical
state corresponding to current 102-1 of FIG. 1A is said to be located in the right
potential well, well 160-1 of FIG. 1B.
The state of qubit 100A can tunnel quantum mechanically through energy
barrier 140 from one minimum to the other. The frequency of this tunneling depends

on the height of the barrier. If the barrier is high, less tunneling occurs. If the barrier
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| andscape 100B is a bistable potential wwth two m nima
160-0 and 160-1 and an energy barrier 140. Mninma

wae®ea3mmgl 160-1 can be degenerate, neani ng thBCT/CAZN6/000674

have the sane energy, in sone instances. In other
i nstances, mnima 160-0 and 160-1 are not degenerate.
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is to make the energy landscape highly non-degenerate For e\(ample 1f the qubit is to
be initialized to potential well 160-1, the energy minimum of potential well 160-0 is
raised to a value slightly lower than the height of energy barrier 140, thus making well

160-0 “shallow” compared to well 160-1. Adjusting the amount of flux applied to the

superconducting loop of the qubit can raise the potential energy minimum of well
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Ferromagnetic state copying

FIG. 2 shows two rf-SQUID flux qubits 201 and 203 and an rf-SQUID
coupling device 202 that can couple the qubits ferromagnetically or anti-
ferromagnetically, or tune the coupling close to zero. Other inductive coupling
devices, like de-SQUIDs or flux transformers, can be used in place of rf-SQUID 202,

as long as the device still fulfills the attributes of the coupling device described

14



ineffective. Since it is preferable to be able to read
out the state of any qubit in a quantum conputer or

W@ e s0npr ocessor, systens in which each qubieChias2@n/000674
associ at ed readout device are desired. One
characteristic of the present nethods and systens is
t hBergips Epupding devigs 103 magupre Wdettrabievatiplmg.cind qabinciudna s.pllt

g r RlH&logf Lg('c'@lsé %tﬂg[a&ﬁes%f f Wi, h?@t‘{lh g851§t91{t c&rna% C?l{bﬂ

C]UItStO bé neasur eso

q u erﬁ@o\ﬁé‘?’ e 1299aBlypicnReviaxhB 6% 16399, Whickis hﬁteb)eld«:dyporated
I ah&éiR By telfQedcd Ud?nq;e lu§kd upﬁ‘%e ofF ff- S’kﬁﬂDQ 86 W QR bhtWQOl and

states of the qubit _ as describ above,
st APdeysrehanpiee airf-pRUID w@a@wnua@\sances can be copi ed

to qul tﬂletf&&ﬂna@ﬁ)etlb%@ bR thAG¥d dofying lﬁyggss@al state of
tec not viol ate the uantum 0@8/ rue
00l BT Boie eraiie B o6 T B (B POS G

ex&qﬁdnyallySbmﬁﬁng ﬁﬂést@;&ékblfFIG SAl PIGS. ShRRSIE Mustiterhenergy
ion of twg states

r 03|
t héP‘E°?%§ E%“tbﬁﬁé"sh 38%158 ﬁe? '3 ?thta@ 1hFsEaubits gt qifferent points
C omyluengethrfd ﬂheer&t@tl&dsoéﬁmwﬁﬁ qbitst20€ ait 23 g;ﬂat l%né”fﬁilf ods
te n uct.ive
eﬁ%‘%‘ ncgg?SC ar Pe \é\qff'“ mT{f'bq‘\W E%ﬁ‘ﬁ and gight wstlher |
Fefrhpwrmgaaét dfehegiotential egpgyi dlgrdﬁhﬁf FEGS Iaavmd B rf-SQUI D

flux qu?ééf%oﬁog‘t 1251(91 As tﬁg q tﬁ ondlb %#tl% q%glflp lw'hlr(]:g is

devi ce an cou
f e?SP@WgWeFmCt@alcylcmﬂoam ¢vobution n’étgrsatqs ofdubits are nottkueven,

t DR GRYRe! sﬁgs (ﬁ’ Ith%%]ﬁb&s‘?s x%ﬁ%&n%e&ggr{ lle[i]gi ets|u¥ @otk(l:r%yrp fa %Qhe

devices, lik trans orners
usEErey #ﬁnéqcms@f é?th an tsq@pemgmmer 440 hepyagn the mikiea d@y ocmay

Stidk be fowlehdigh %o 413¢ cﬁﬁﬂtﬁrﬁ Qﬁlhﬁﬁg Bwb e EAARL. %bg?ﬁ’dl%ﬁd

des ri bedherein. Coupling device 202 may provi
gﬁ}aé bEB%EﬁP?ﬁ@ or 353HY Aedfngr#Hel ude a split junction.

L| kewi sepriokdieep 82D aBhed fthefstatbor @it 103 .is to 'b%,‘ é‘op‘iéa% gublt 203,
p eg c::nie;sg?/ réér\rllc u{Nr() ?é(ﬁlgq L gxgl b%{s g%§legt}}§?%§} value to prevent
| rmmtpro tanhelthg femsicturbiyg, eﬁécev@ﬁprej eCting thestausTdhd qubil (a6
Ofof Ell;elc?%%griﬁas gé&]n%us i§ ?‘lwst%esd Id tfp ?(g?n 2{1 t %?P%sg-rﬁa 1eres%1%h
f eﬂrpftdn’é@h@mugh &t preenciopylimgpt etehdof stepr3o n@(ey Bmgcah e

| ' t t
Iclclﬁﬂﬁtzétd? %lt'aégtﬁlé’&#‘?{gég}dgi‘%“g%é%ﬁ g]ﬁ%ﬁ er th 06a1126tf0nr9|f G

3Bhasrjuefrquait foya singld vl Alus; the bbtlepsleofl qﬂi\GOl hstepF0GS.
3A\n(ﬁ&%s B ﬂhk Lth’t% bf t‘me Subtlthgloganlg&g){ tdqugls\ggp %hgfcg&?péft S

201 and 203 as wel hese qu
dilf il todhs rf&héwP'haStoﬁ@OSﬁ%‘P H‘éfdhlatm‘eto éedefyyell iankbscape

ofilnkektdonae Bkﬂ 50229 the 3ENRO FeltSd 8 am1§4r§QAd%nly for illustrative
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localized will depend on the quantum operations or time evolution performed on the
qubit before step 301. Raising energy barrier 140 of a qubit can be achieved by
tuning the Josephson energy of the qubit, for example, using any of the techniques

that have been previously described. The patterned circles in qubit 203 in step 302
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and 203, like rf-SQUID coupling device 202 in FIG. 2. In some cases, a strong
coupling may be defined as a maximum potential coupling strength that coupling
device 202 can achieve, and a strong ferromagnetic coupling may be defined as a

coupling strength that is equivalent to J = -1 in the Hamiltonian of the coupled

system, where J is the pre-factor of the qubit coupling term. In the case where a
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time. There may be an initial ferromagnetic coupling
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potential, like the one illustrated in FIG. 1B, and may or may not be degenerate.

Step 401. Step 401 shows the initial condition of the qubits, which is
usually at the end of a calculation or evolution. There is no requirement that the state
of the qubits be known in step 401. Thus, the state of qubits 201 and 203 is
represented by unfilled circles in both minima of the bistable potential for both qubits
in FIG. 4A. The energy barrier between the minima may or may not be low enough

to allow quantum tunneling between the minima.
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step 401. Thus, the state qubits
reduced to zero or near zero. Once qublt 203 is brought into the quantum reonne

tunneling between the potential wells of the qubit can occur.
Step 404. A strong ferromagnetic coupling 430 is introduced between qubits
201 and 203 in step 404. In some cv‘ase:s, a strong ferromagnetic coupling may be

defined as a coupling strength that is equivalent to J =1 in the Hamiltonian of the
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may be between about 1 ns and 1nms, e.g. 100 ns. The
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wQene/130@me qubit 203 is brought into the quanPCMCA2006/000674
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devices 202 described herein. The coupling strength of coupling devices 520 may be
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interior qubits, so the path to a perimeter qubit is longer in this case.
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anti-ferromagnetic copies, then the perimeter qubit will have the opposite state as the
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qubit 510-1 will have the sanme state as qubit 510-2.
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escribed for a 4 x 4 array. That is, the

per i meti8FoRuEtsscoaplingderier H3tmayiheea lgerpreathshveemationt 5
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are copied to perineter gqubits and read out
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t Max bebehyieprpbogel itinendl0 ilsigt alivat 7284 ﬁultphpg dmcet202 may

ugiog s&lhﬁmpt%n a%h?fos&“gyn enérgy &Qﬁ@e%ﬁabkh €
[n some cases, the mutual inductance between qubits 201 and 203 and
coupling device 202 may be between about 0.5 pH and 20 pH, e.g. 3 pH. The mutual
inductance is determined by the geometry of the devices and the distances between

them. In some cases, the spacing between each of qubit 201 and 203 and coupling
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state of an interior qubit. Thus, it is possible for

sone interior qubits to be readout before each of the
w@eoseoes qubits are readout. Copy and readoulCT/CA2006/000674

operations can be done nultiple tines to increase

measurenent fidelity. For instance, the sane copy and

r €5¥eR02 3Ry ba betyaen abawt Oberm anvel Otim. €, 1 hr depottiono$ the
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% may be. t unabl.e. Tunabl e Josephson energ
qubit updn readout or not in order to achieve a representation of the state of

originating qubit.
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achi eved by replacing the single Josephson junction
wth two parallel junctions that forma | oop,
wo@eivensioge known as a split junction. An exanpPEr/OA26/000674
split junction flux qubit is shown in FIG 1C. Wen
the qubits have a spllt junction, tuning the flux
t hrough the | oop dﬁmfﬁ@méﬁ##ﬂb?@ﬁ%@ﬁén changes t he

3{1 f eﬁ tAs?Aﬂll%@&ﬁ:@FbﬁﬂBttlﬁJ@@Mlétde mlé 0] t&Nah?usJe:lf_ﬂBden@tﬁs

i ch al so changes critjcal curren uni n
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JoseFPson neé&¥ can ,al so be. achi.eved % @ﬁzyln%<g
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c p\ﬂ:asanoﬁ@m ;pkdvn@ yeheﬂmm erﬁ&ﬂimmys dﬁ&mqareacdt oemodasraaa systems.
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I smtpd mhe:a Fofthaﬂmnen&namms mﬁh@%bmmuon Rbilswfll de6i2S 20202,
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bee hatewe tha peebanti sy stemsyinegireds 4ret ammrates ig llglabétlme abovg A,
Cﬁ’ééaji 1198, ﬂeg\éﬁ&ﬁ 1%% m:%gmg tﬁERLr'sz ujsédrlﬁédlcpx%t @Qd its

Josephson ener gy nmay tunab In sone cases, t he
neAngiaied tnliroie the ﬁ@ént@ettﬁa\rée ppegjfip rcméodzoenis diselyses thend

Céﬁéahbiﬂﬂn Q&a\«h@aal&%umume B&siean. RPRE aiGoitdd and 20
he mutual jnductance is determ ned by

e,
t ﬁ‘éboggmé*twg é‘ﬁtht“f’?ef“'é PP SIUMHeHE Which suphcladmis ween
t Bftifed. | AccSRAMRLYC A8 @fventlol & P AbitdibyIRS R BBue BuhinGttadqidbi t
201 and 203 and couphﬂ?qg LS 202. may be bet ween
S0t 6 B SR T B BISTnGRRTR por t1 on of 1 he
| oop of either qubit 201 or 203 may overlap a portion
of the | oop of coupling device 202. For exanple, a
portion of wire froma |oop of one device nay be
pl aced on top (on another layer) of a portion of wre
froma | oop of another device. There is no gal vanic
contact between the devices. Overlapping wires
i ncreases the nutual inductance between two devi ces,
and therefore increases the coupling strength. In sone
cases, the tenperature at which system 200 and/ or 500
operates at is between about 1 nK and 4 K For
exanpl e, the tenperature at which system 200 and/ or
500 operates may be about 500 nK, which is close to
t he macroscopi ¢ quantum tunneling crossover
tenperature. Anti-ferronmagnetic state copying
Enbodi nents descri bed above for copying a classica
state of one qubit to
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anot her qubit described involve ferromagnetic coupling
bet ween the qubits. However, it will be clear to those
wo@booensliomary skill in the art that in the presBCi/CA2006/000674
nmet hods and systens, qubits may be coupl ed together
anti-ferromagnetically. Such coupling is referred to
hewetlsinas anti-ferromagnetic state copying. Although
the term"anti-ferromagnetic state copying” is used it
\M :: ler aﬁ rHen lgo%r(x?&a)?/gnﬁgrl%tsméahﬁﬁg % f'?i‘st %!)lt t%ta%%m{a V\%O{hﬁ
thmnmwabmpwﬂman originating qubit |s copled usi ng the
anti-f ' op: ate
that i CsRERERENEaFol o SARNANLIRL DRE R B ReST 2
t ewhithgjuestehiat ezngy conguraivagmeprisvg s fiast potertiplweibhaaing a
Sidn.l I
o A pRlend rbiAA PP RE bR bl b PRABTRIREH FoBhBl T
t hreiniguini, el the ingtiat ¢lassieal stvagletédan tha dirst ﬁ@cm@hugh etic
and t hgd &s%ﬁ?ﬁlg f'lgsltj t&ntgﬂ'ﬁmﬁnﬂ Hife ﬁrgg%tehéal QRR ?osd t‘hﬁd that
of the O Ubi - 1N Some cases,  some
paiofestial muamglin\ﬁ@ﬁ is gi@ythmtbe ﬁmnd@nﬁgtwémmavmyf tbewp@d
“ﬂkeﬁnﬁkﬂﬁﬁﬁdare antiferromagnetically coupled. Al
I's required in such topologies is correct

bookke@p@h@ the¢ firshaubit gadthe srgondygybis fop a tygatéan it he
originating qubit and the target qubit, so that a

deg er mrmhétm STRNINDE, vﬂﬁdﬁh 88 cduplint@pREhprises feRYMASStidalle
sta &he tar 8 g on readout or not in order
t §° WFQV %qWﬂH% &g "of the state of the
originating qubit. Cbnclu5|on and References Cted As
wi3 | b@heapgmdeqﬂclatrm Livesin thkedubling step comprisas anti- t he
VLE QNS SRR IR AR GLEDRA RO, G, e conbi ned to

provi her’ e nts ects of "t he pr esent
syst ens nethods and appar at us can be nodified, if

ndces s Apgmethest of gfafe ) vehpeeinatite firshb i e PoeRtiAl eaRrEls and

ccee@@@taﬁo@fham&pme hmstuaaetuagbﬁneraﬁcmhb StitRNheRd
cations to provide yet turther enbodi nents of the

prcegfl&‘ffaﬂ%?ﬁb‘a%cgﬁ&u iy cqmipriges 2 Agcopd upnaliag arrien the ethad m

" EidenEt ConfpRigIAG raMirightit Rad PRY EXhaTREt@lnyieling bh@ie2ot@fseddne
state variations in the

féﬁﬁeé’ﬁ;’qagﬁ‘%ﬁ?ﬁﬁ‘é‘“b‘fnﬂa‘%? '®es 201, 202, and 203 are

within the scope of the present invention. These and
otther Thranges! dahinbé whadkn thothirh gotpntiereinim gy statlesst slightly

”ﬁ&»@é?%n%@ec%ﬂ@%ﬁélﬂg jl‘rﬂexj I ght of the above

description. In genera In the follow ng clains, the
ternms used shoul d not be construed to limt the
i Mvent TMmethed g slaghderierdn BabHe TR AT RIISSAPBYBE 2 n t he

spRGivkise AhdRik ANl Rag b dTBhe R lgusiNRUkdhbeceRNRbRUEd
to include all possi bl e

7. The method of claim 4, wherein the raising step comprises tuning a Josephson

energy of at [east one of the first qubit and the second qubit.

8. The method of claim 1, further comprising adjusting the first potential welt
from the third potential minimum back to approximately the first potential minimum

after the coupling step.
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enbodi nents along with the full scope of equival ents
to which such clains are entitled. Accordingly, the

WO pwensioss is not |imted by the disclosure, bRET/CA2006/000674
instead its scope is to be determned entirely by the
followng clains. W claim 1. A nmethod of copying a
cloassi &bd metheg of clgfm &, fhtires conopaising radocisg & ewpling sqarhgt}t
t Rertel r isng ub
¢ g)%,an, | {rl}?tﬁlrsgﬁl.mg aggé IE%};I e cgﬁpgéd% te ﬁ g&bhtq? %bou zero Ior to the
quitiglizingsten. pot enti al ener gy conflguratlon conpr|3|ng
a first potential well having a first potenti al

mipj WUTIThealﬂéih&l sFerpnd fﬁlﬂ{eﬁwnﬁpﬁ‘ smmﬁildlm};?é/éorﬂgh s?r@rfgg‘nd
%tentl nlnlmg and the initral cIaSS|caI state is

GBI FropikAupit prda dsyice prupler ta b secondjubis tojakepteere prior
fn&&&uﬁmﬂ@mgb@@ m ni mum of the first potential well to
a third potential mnimmthat is higher t han t he

secondpo I otent i al

aﬁg c oElpeI r%e%ﬁ'od oﬁ cla*m Ly rnélremth? I'lrgt rp&%epﬁ% ngxg%gﬁxds %ﬁ?ﬂﬁ e(qw?q
atMMmedowmnmlmmnmhm nethod of claim1, wherein the
coupling step conprises ferromagnetically coupling the

fijpst fhdhdthangd chirer, 3@1@1‘39\@1 ﬁgﬂhgl ene’x)’gy CEHR%MFOH QO irst

claim1, wherein the coupli
aifebit is 2 Pisiehlg Retentinhdyripe dhsupstisliFipet w@smas and cquitling stapsd t he
second qubit. 4. The nethod of claim1l1, wherein the

filBSt THethdthddds$ clainPRi@BHeinahe RIARIODYis GORMELLUO@LI AN GRS
conprises a first tunneling barrier and the potentia

eM&rgy configuration of the second qubit conprises a
second tunneling barrier; the nethod further

c O#pr i Biemethiodios tlnigh Biwhkemste duriont isighatef thirsibolitingzel i ng
barrier and the second tunneling barrier prior to the

iRkt al"ﬂe%ﬁéﬂ%d%? 991 15th1131% tﬁ%eéoﬁﬁ { Pesx?{srqn é" ﬁﬁ%’l\'h l%ss cap

the third potential 'mnimmis
t Fais of the secercriyit maehiak thelapsigat Wé? of the ﬂrsmaxbnet hod of
claim4, wherein the raising step conprises applying a

t nansvafe&&tﬂmgnammst whdréln e mhl dRAGH st @dchdds of | 1 St
the econd The et hod of clalm

b t. and t

“ﬁﬂ%‘? R t?"h‘ ltlF‘la"i B S‘%‘gé"pt ﬂﬁ%ﬂa?% [¥4%i ng a
Josephson ener?y of at least one of the first qubit
ahd t heegeethod df ¢feibn It wh@einTheesseenat hadt cofmpddea sapksconducting

f Wob BES wiRdmPlhk 34 Ain2 ey Sl pAGestlingd A biRASHIggl vl |

superconducting loop.

18.  The method of claim 1, wherein the second qubit comprises a superconducting
loop and wherein the initializing step comprises tuning a flux through the
superconducting loop such that a state of the second qubit tunnels to the initial

classical state.

19.  The method of claim I, wherein the coupling step comprises:
increasing a coupling strength of a coupling between the first qubit and the

second qubit from a minimum value to a predetermined value; and
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fromthe third potential m ninmum back to approxi mately

the first potential mninmumafter the coupling step.9.
wab@emaood of claiml, further conprising redeCl/Og206/000674

coupling strength between the first qubit and a device

coupled to the first qubit to about zero prior to the

i ni ti atefydingghesoaplingsyengtiricontibe Rtsdetermined yplie o, abputitheher

C OfRdus vafhe! €duci ng a coupling strength between the

second qubit and a device coupled to the second qubit

tq about zero prjor to the initjalizing step. 11. The

mePhod ! Brrhediarelaim i Sherry therpingmus Yalysof dscpuplingtrngim

| 95 AdB@krofdithk pedettitfined & 8I0OEE tROSRPTiigRtredB s BrAkimbh

The nethod of _claim.,1l, wherein a potential energy

céﬂ‘fﬁhﬂ%?tﬁﬂ‘?gﬂf%? “RENGj rst qubit is a bistable

potential during the initializing, adjusting, and

c@upl i g redtlepsf clady 19T vberaip thequedoferntihad valut of thheowupiing t he

d (W ' 14...The

rir B bt R ERER oAy CR Al B bl

than about 1 ns. 15. The nethod of claim 1, wherein

t B& collsimathpdof elaim s flirther copprising maintainjng dhej coupling stsangth

Ofat thé Pre&RGRANGJ G4 for IBHGRIOAG, t he cl assical state of
the first qubit. 16. The nmethod of claim15, wherein

t fipnal classical,state is reached by a tunneling
t B8 « I el REH O LSS RGP e R
cl assi walinghatcouplihg betWken thaefidtapibio indahadenontl, qubih for dien

fNﬁe econnltgi qubit conprises a superconducting | oop and

uration ; . . . .
erein e adjusting step conprises tuning a fl ux

bi as t twmangglf thheouplinger conducti ng | oop. 18. The net hod
of claim1l, wherein the second qubit conprises a

super CoRAnEtddRe clhiRPn v@@x@inmoﬁﬂlﬁlgtsﬁﬁ id atbinfRli u&ih§igh 1 ep
conprises tuning a flux through the superconducting
|§@E’“§uch that a state of the second qubit tunnels to
the initial classical state. 19. The nethod of claim
1 25 wheTteinetiddef clainpl, whgreittegpfirstayupit arglabe setandrgebiséanly a

c i n t th of a coupling between the first
qgg'?{msg%ra?ft%@ﬂgécond qubit froma mninmmvalue to a

predet erm ned val ue; andreducing the coupling strength
f R&m t His msthedef elaim haverpi threfirstaiubib g the sseondianbihessh

V@bHftise a split junction.

27. A method of copying a classical state of a first qubit to a second qubit,
wherein the first qubit is characterized by a potential energy configuration that
comprises a first tunneling barrier, and the second qubit is characterized by a potential
energy configuration that comprises a second tunneling barrier; the method
comprising:

lowering the second tunneling barrier;

coupling the first qubit and the second qubit for a duration ¢; and

raising the second tunneling barrier.
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20. The nethod of claim 19, wherein the m ni nrum val ue

of the coupling strength is about zero and the
w@e@dasmasri ned val ue of the coupling strength PGI/@A2006/000674

maxi mum coupl i ng strength of the coupling. 21. The

met hod of claim 19, wherein the predeterm ned val ue of

t R& colis meﬁlg)dsxf Flemg% whereigradhik bias pias teas nee ¢fahd fingfquhbit

rr% Y GBch bir 0 n?aﬁrftzﬁmtapab%txt HabtS (R URd kA dur gat nm?o

met hod aiml1 her conprising mal nt
c@ﬁfhPllfh‘gflg&ﬁ@m@ﬂ&mﬁ‘tfalﬁlhéstmsedet erni ned val ue for the
duration t . 23. The nethod of claiml1l, wherein the

ceopl i Tig mdieN of ORI 285 @Béreih memuﬂ%xa@ Rasth t61edidel B8t RGLayREN
the first. gubit d the sec ubi t for the duration

t 30 ARt P cﬁ‘é‘” fron fhe figs, B t‘h e sesgnd 4HRK et hod of
cI aiml, wherein the coupling step is perfornmed using
ador f - THs@udithivd of Blain2¥e whatih @ dlu biag bizthefirdt, quiria &rvdthin 4 he

fi x ' . h,
PSP A AR BESARY ARl bR ATRE SRR
qudsiing apek t he second qubit each conprise a split

junction. 27. A nethod of copying a classical state of

asfir STheQ‘h%oU of Blaith B2 GA&HEIn ALIBAst one\WR BE Bdwrih g Endl rhikR} steps
qubi t racterized by a potential energy

c BH PR ‘BFF’S%F%?P"{‘W@Y conprises a first tunneling
barrier, and the second qubit is characterized by a
po2. entTtaImeawdrogylaioom whereiatheenuling stegamprissses a second

tynngl gl{l-ﬂca*ﬁ |°5‘J‘r'i’ m%th%??stg‘% 'l%&'m%%‘@ﬁ«{%e{%g | owering the

secon unn cou first qubit and
t he second qub|t for a duration t ; and raising the

sédondhedrrhodiofg2iBed’s vhgreip die coppding gemesinpyises@nti m 27,

W{oﬁiaéheﬁcdtllb@éfuplﬂh%ﬁle afst qlbitlaf@ht sQBRd @bitt he first qu|t
and the second qubit are naintained at about half a

fLux ant BLLN east one of. t
c &l 1 18 P PP b3 Rind s PSP BP B,
2 &nncvume |bemr:r anh Q\efsbqsmd tnmarsmgm baria priot ett@ricecrambowip. equal
to an anmount of flux coupled fromthe first qubit to

t Be sepRmekifdRE tlaim 27, further comprising reducing a coupling strength
between the first qubit and a device coupled to the first qubit to about zero prior to the

lowering step.

36.  The method of claim 27, further comprising reducing a coupling strength
between the second qubit and a device coupled to the second qubit to about zero prior

to the lowering step.

37.  The method of claim 27, wherein the potential energy configuration of the first
qubit is a bistable potential and the potential energy configuration of the second qubit

is a bistable potential.

38. The method of claim 37, wherein the bistable potential of at least one of the

first qubit and the second qubit comprises two nearly degenerate energy levels.
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30. The nethod of claim27, wherein a flux bias of the
first qubit is within a hysteresis region of the first
wQ@ivet131us i ng at | east one of the | owering, COREI/CAZ06/000674
and raising steps. 31. The nethod of claim 27, wherein
at |least one of the |lowering and raising steps are
péPf or Hednesatidat alaine 21, Wpere®2he rFising ntep ¢ronprisds applaingn 27
a
O AR M1cE B O S8 LS E%“H%%é
met hod_of claim 27, mhereln the coupling
cdfpr i Shesmethadiof glaimy2d, arfherein b segpnd eum'i haﬁg CLPﬁQalfﬁ“}“‘s%“d
O WedeindRdlrals e s&B 6ashseiRéventing4he cTiiSicdTBih Q€ thekecehddublt
27, further conprising raising at |east one of the
f|W§V”WﬁHﬁ%I|ng barrier and the second tunneling
barrier prior to the Iowering step. 35. The nethod of
c I4a.i m Phe, meftlwdtolﬁ ehinc2ilyphesinnginteetitatpmg ofithe wetinggep is
%9& Jeen the first qubit and a devi ce coupl ed
5"? 1% SF dqiibit to about zero prior to the |owering
step. 36. The nethod of claim 27, further conprising
r éduci Hy reetind whFlrimy2% W@ﬁigtahimeiuwé@htz phtée bseungistepubi t
anghwRed¥iia8o hOMR!IGH. t 0 the second qubit to about zero
prior to the [ owering step 37. The nethod of claim

27, wh he f the
st TIRTIaT 5o S At e G Ao uhe ThEnpCeine 1

eﬂ@ﬁtg)ylcMIo@Hﬁr%tﬁtdpﬁn@f}lehfimMOnd qubit is a bistable
potential. 38. The nmethod of claim 37, mherein t he

bl4§t abh% rﬁ)é?l]io%&tf glu m ?7f W"ﬁgreﬂn%we dgﬂlﬁorptfg of 9 rai ggaeg?ybi t

and t he seco conpri ses two near ate
e gergythhreapehts!, 189. The met hod of cIa|n127 wherein the
rai sing step conprises applying a transverse magnetic

figel d 1R Athdd@RShinPIE whbreinAQindel dusitiofly Bf the AMGhalsRB is
second qubit, 40. The method of claim 27, wherein the

s@@%ﬁﬂ”ﬁﬂﬁﬂpoﬂ%ﬁ‘d’@ia55|cal state and wherein the
rai sing step conprises preventing the classical state
oft6t h eTmmw ofjulbint 27, wberein threrseddnd gubikbmprides a spit hockionf

Clgl Thedin bl %%n? s SR r?ﬂﬁfg%ﬁ&ié _c&}ﬁ;ﬁég‘ ﬁ*glﬂ%‘é?“% firthe

step I's gre abou
clsglitpun@tfon. wherein a time duration t of the | owering
step is

47.  The method of claim 27, wherein the coupling step comprises:

increasing a coupling strength of a coupling between the first qubit and the
second qubit from a minimum coupling strength to a predetermined coupling strength;

maintaining the coupling strength at the predetermined coupling strength for
the duration #; and

decreasing the coupling strength from the predetermined coupling strength to

the minimum coupling strength.

48.  The method of claim 47, wherein the minimum coupling strength is about zero
and the predetermined coupling strength is a maximum coupling strength of the

coupling.
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bet ween about 100 ns and 1 ns. 43. The nethod of claim
27, wherein the second qubit does not tunnel during at

wo e@sti3oome of the |owering step and the raisi NBCHCAPL06/000674
44. The nethod of claim 27, wherein a tinme duration t3
of the raising step is greater than about 1 ns. 45.
ThE- metThe redpd ef dimA4Z rvhepdiethe predetermined celiphing stongth isof
t N@edidtitifn REe-B41L6F a'n%x%ﬂ%BliWﬁ%@&thu@n% 1 ms. 46.

The met hod of claim 27, wherein the second qubit
conprises a.split .jupction and wherein the | owering
step aﬁﬁe F’ﬁ%‘o‘f?sﬁ! Ciai'gﬁ é 95‘%‘%‘&” EYTNISRG F3ITAdng e Fovgling sepgth
i nat theereslpleintingduwngjiling Btrendth. forkhedurdiohed of cl ai m 27,
wherein the coupling step conprises: increasing a

coypl i : U0 | tween the first
Uit e g i 7 P e b s il © g

st r engfuiningoma gnupline berweemthd ficso ayititiangd) ths secemdyqubit for the
Medyuftigh RaA@ the coupling strength at the predeternined
coupling strength for the duration t ; and decreasing
t he cothstingeff deceumljo® from t he predeterni ned coupling
strength to the mnimum coupling strength. 48. The
meizhod Thd meth@d dfNcthim 2WeteRinthd ERiphighitePU PeERHRIdiuSidg an rf-
st th is about zero and the predeterm ned coupling
strength is a maxi mum coupling strength of the
coupling.49. The method of claim47, wherein the
prddet éhavinetbel dfglaph Rhgvhsteinghgydunatios ¢ ibetatear abolxalnus and 100
oneg-hal f of a maxi num coupling strength of the
coupling. 50. The nethod of claim47, further
conprising maintaining the coupling strength at the
priédet Eristaed ofslape 2 havhereinghryduration f isteteaterithamatioon! s. .
51. The nethod of claim 27, wherein the coupling step
COHpr i Sesmethadraticlagn BT) wheUR firGubie intRB st di qlibit &kh

?%Q&Fris%qgff%g@@econd qubit for the duration t ; and

urning o € coupling. 52. The method of claim 27,

wherein the coupljng step is performed using an rf-
S@JI D. The method of claim 27, wherein the coupling step comprises tunneling

through the second tunneling barrier such that a final classical state of the second

qubit matches the classical state of the first qubit.

57. A method for reading out a classical state of a qubit in an array of qubits, the
array comprising a plurality of perimeter qubits and a plurality of interior qubits, the
method comprising:

initializing a classical state of a perimeter qubit, wherein the perimeter qubit
has an associated readout device;

copying a classical state of an interior qubit to the perimeter qubit;

reading out the classical state of the interior qubit by reading out the classical
state of the perimeter qubit,

wherein the perimeter qubit is coupled to the interior qubit via a coupling
device having a coupling strength that is adjustable between a minimum coupling

=]

strength and a predetermined coupling strength.
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53. The nmethod of claim?27, wherein the duration / is
bet ween about 1 ns and 100 ns . 54. The net hod of

wW@L@sB3@78 wherein the duration t is greater tPENCARDON06T4

1 ns. 55. The nethod of claim 27, wherein the first
qubit and the second qubit each conprise an rf-SQuUl D.
568. Theherathagdopf glaing f & iwierRin theshisinainncqublingcstrength isgbsit B
C QRPhL BioGettHiRE b FeRGIARY Al ihHUREld

barri 'e? seutcrh %t hgtlﬂ)gn% Pﬁaggglaaé%f@gﬁggggé% o?éd? E%he
sépwhag-qubi t mat ches the classical state of the first
qubit. 57. A nethod for reading out a classical state
0f59.|a q’ﬂlttl thethdd oft Blaidk Sﬁyvha%in@g@ré&tengih@ @F}Elﬁ%lsﬁé}ﬁm i;!C; sing
a plurality o erineter bits a plurality o

" ottt B0 artble ol idEindive s of g Poupina | a i 21 ng a
classical state of a perineter qubit, wherein the

péPi methermethadiof cliars S firhsrronpatimgiepetinintu¢ indieliziog copying
ARV hidfocuh AASLS Qbpshthth 8 Rk bR AMRI ¢ 10 Lhe

perinmeter qu readi ng out the classic State of
t?e interior qubit %)}/ readi ng out the classical state
of 't hel 5aRathadCb Flai bl tvhergin dhednifalizing sise commstses ingiakying thes
C petrhétst gt fohaR aibitiy é@kic&lehict via a coupling device
havi ng a coupling strength that is adjustable between

am ni ' nd redet er m ned
Tl TR L 5 CERah b B AP BR S Sy e e
t Berersrduting leapapt vheremtthedinigje lfzingsteplsompriszetuaingadlut he
PiRolEh et ' ' ' |
DHFELED B SURRERERUAR L Eh gEe s | Rl PHEL AL LM
wRABHEDclaspieal patedet er mi ned coupling strength is greater
t han one-hal f of a maxi mum coupling strength of the

coBp| i THg.mefdd oF Elein 3R, Faetein the@bwpling Sckicelferfdntaghetically

co i Sing repeat.i the initialjzing, copylng and

" RBles B eriof B A, @b S nstit o SOV R R |ty
ofommrisesrdopyingjthb rhsicablate ofhie inetidredbiofo tid patifetbr/qubit via the

erel e{ipg\ou&)m ializing step conprises initializing
e perinete Ubit to an arbitrary classical state.

62. The net hod of claim57, wherein the perineter

qlbi t EAsiicd ebclampubEtinthscorige feyiss aetiérramagnstisrlly he

| Bduipledithe Zit&1Ebr R0 GRPBFMESSubit THdVehetbir thé!Xopying step
comprises copying the classical state of the interior qubit to the perimeter qubit via the

anti-ferromagnetic coupling,

65.  The method of claim 57, wherein the perimeter qubit is characterized by a
potential energy configuration comprising a tunneling barrier, and wherein the
copying step comprises:

lowering the tunneling barrier;

coupling the interior qubit and the perimeter qubit for a duration ¢; and

raising the tunneling barrier.

66. The method of claim 65, wherein at least one of the lowering and the raising

steps is performed adiabatically.
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t hrough the superconducting | oop such that a state of
the perineter qubit tunnels to an arbitrary cl assical
wWGE@ba30988. The net hod of claim57, wherein thBCT/CA2006/000674
coupling device ferromagnetically couples the interior
qubit to the perinmeter qubit and wherein the copying
st%ep J&WF@%@“&‘HMS @rtb%émemr&ggﬂ'@a}ta@ﬁ%f Huypiag ¢fat least
| SHe®IT tHRlint€HHR qhibit Ad tHReRBELMRbR ht 2BbRIMAIf ¥ Flék §AGtum during
ferromagnetic coupling. 64. The nethod of claim 57,
wWhE FAYHBSIFR coupl i ng device anti-ferronmagnetically
couples the interior qubit to the perineter qubit and
\/\,5183 re iTﬂne trhthod obg}:hmg? Tstispeic thaperines qohipiy notgadjabrnt to the
%rl 1ta CL gfsg conl;tél%%s é:;a{)ylg% Elﬁgsgaltspa . [ Hrémgtti(%r
rmtbhmjatdtfastainamnqrﬁs\?dxatmwtdpcmed HthpeTthmteepr qybbyiand ths
CE%@ ed by a potential energy configuration
n‘pr&?l&%gtza tunneling barrier, and wherein the
co y|n step, conpri ses: Iomerln the tunneling
b e‘l?w metias P e eVhertin e gtitializingcopying %nﬁé"tﬁ&f ARt er

Qtébddutité;i’s aft pdtfbrtetl @drd than Bl rai si ng the tunneling
barrier. 66. The nmethod of claim®65, wherein at | east

ol abalrt B YRS o P BBl PRL PR

coupgs.i sing maintaining a flux b| as of at |east one of
the interior qubit and the perineter qubit at about

had f  arhk kol BB N7 Cllidré1g tht BSupGRPIEvIRg xs%ﬁﬂiguréaao The
mstho&]?i)f claim b7 V\,her?lnthe rlme B uhi t snot
atAne TR AR SOBRERCLIY ot 1 SiHE b
COBPErintdS qakipyi ng the cl assical state of the |nter| or
qubit to at | east one internediate qubit |ocated

bes weee Lol BF & lln% \M&aaa & 406t ME [okeBE Gt IO ¢ -
00 Phod o 1 i

The ne l'aim5 erein e initiallzing,
cppipierg qenichng ﬁFéP‘l‘Rﬁmg éwetcomé%fdwff §Qé’b‘% are perforned
nore than once. 70. The nmethod of claim57, wherein
t 17ce arlmayne'ttﬁd af ctlm. sdl WEIEh Bledst e bBtfe iferibt qubitghidiht S.

m 57, wherein the coupling

e SR p SR R

74. The method of claim 57, wherein:

the initializing step comprises initializing the perimeter qubit to an initial
classical state;

the perimeter qubit is characterized by a potential energy configuration
comprising a first potential well having a first potential minimum and a second
potential well having a second potential minimum;

the initial classical state is located in the first potential well; and

the copying step comprises:

adjusting the first potential minimum to a third potential minimum that
is higher than the second potential minimum; and

coupling the interior qubit and the perimeter qubit for a duration ¢.
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controllably ferromagnetically or
anti-ferromagnetically couple the interior qubit to
w0 b@opaousret er qubit. 72. The met hod of cl ai m BJ/CA2006/000674

vvherei n at | east one of the interior qubit, the

r| me biit and the, coupli ngf_ device conprises an

Flethpg of aqpuinga ¢ HisiFaLNAL 91 stybit EASE B aseeand |qubis ¢
orx\&anﬁsftht:hféthbﬂlt:cﬁﬁpr&rngqublt and the perineter qubit
conpris [ ctigon. 74. The methaod of claim
el e

57 " wHBFE fr S oL megnite 03 Sespmb At ageans

i ni ti aheans fg adjbeing e lea3Bdne of Stubhdling Baraﬂ' of the tfirad ubit means
cI as s cal i eter qu is characterized

by" a 3 uBekng %’aafleré’ﬁh\gévg%‘{)Wft PRt ¢ n conprising a first
pot ent medns fue hdjusdtiay h ﬂgmaetfyl af 8 potpittabenieigg|conigniatitTd fun hadh

S%Se%}qhepﬁ)r% H:@B'txne nsa cJthT: second%aﬁltsecond potent | al

m N1 mum assic We is located in the
first 1potentl al vvel | ; and the copying step conprises:
adf-ust Thegnathed of plpigy 75 whesein itheimagn pmﬁmstn@g e tunialigig barrier

p @&tﬁﬁl‘tsl:sﬂlneam o BYRrih P ATosbphsdH QBGY of A1 8AstloREoSREAR N ubit
pot ent i m ni mum and coupling the interior qubit and

tﬁ@a'BéP‘?WEF"éP“dq‘i}@fttmeF‘Efr a duration t.75. A nethod of

copying a classical state of a first qubit neans to a
s é¢ondlhgudzittod wé elpisy 75t Whereim tHeoabacsoimpadj siinpthe nasetiag batier

C 95”? rls&q'néan?fo} {ulhﬁ'xg g%g{xetnc Wéﬂrﬂ) Krgns(lgge tth as%j ont%%? he ﬁrsﬁ

S; means ¥ eatt
bavh“ireqaﬂbﬁndtﬂlrﬁesemndstlblqu@m rreans and a tunnel i ng
barrier of the second qubit neans; and neans for

a0§.ust THaGnethod YWI¥IBIT 35, Rheréin RRWLRALS l adRR@AgIMe symmetry of the
at Ieast one of the first qubit neans

configuratio f
= Rl FESnETa Seneytafo SoBERS mests forfHEng b {HRiSOR theaft ot
7 oeansland e sbcbrkttaqmafeSnsf or adjusting the tunneling
barrier conprises neans for adjusting a Josephson

engr g n in r i nande
e e e
whBing 2 foupkag sHeass of Be cu@jingsmeany t he tunnel i ng bar rier

conprises neans for tuning a nagnetic field bias
t B@&NS vessemt for @pyxhgasmssmmlamm‘ oftalfiest kit a a¢bhd qubRANS

a(‘vﬂer&'ﬁ e Tt %ngjxt ig haracterlzedrlay a potential energy configuration that

comprises a first tunneling barrier, and the second qubit is characterized by a potential
energy configuration that comprises a second tunneling barrier; the system
comprising:

a first barrier adjustment module, comprising instructions for lowering the
second tunneling barrier;

a coupling module, comprising instructions for coupling the first qubit to the
second qubit; and

a second barrier adjustment module, comprising instructions for raising the

second tunneling barrier.
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78. The nethod of claim 75, wherein the neans for

adjusting the symmetry of the potential energy
w@emwhilgpaat i on conprises neans for tuning a flRXI/OA286/000674

of the first qubit nmeans and the second qubit neans.

79. The nethod of claim 75, wherein the neans for

cBlipl i The systsmpeficin Shrevhsiry the first ey adiugoensirodgle and the

Sﬁefc&ﬁigiahleﬁ)idljﬁst}ﬁen@ﬁkm_llé %ﬂﬁ?@@sﬁn%}ggodt& system for

copying a classical state of a first qubit to a second

wher e ubit.is_characterized by a
gfenﬁhg FYSE %‘Pféi? gaffi“alﬂ Poising A Jpx padhls camrrisipes | r st
t mm&txmqurbmmtaleMg a ﬂnﬂblhsh@f aBREDBiEk o tHRifirstiqibit and the second

teriz ntl a caonfiguration that
CARA LB A 0 oo it Ry Pl s e
conprising: a first barrier adjustnent nodul e,
cdhpr idssamputersedabis meshisn stering] eesmrabh@strh@osebond
tunne |1ﬁ|ﬁﬂlzp@ lalfi& Qubitto GF Hiial ﬂgssﬁ‘rﬂ@ﬁ whﬁgma{e' el ﬁgbit has a
instructions for coupling the first qu
SRRLHE gerBY tonfighretion comprdviee HBFtAoEtid dell deviegm ﬁtﬁmeﬁn@al

Cﬂmﬁﬁuxﬁ hrﬁﬂa debtsld 'i)bk@ﬁtiaOWSll ﬁmngra@b&hm BotbhiBl RRGRARY and the
barr.i er e sy sten1of claimb57, wherein

t‘I’?E‘aF“il"F%‘ al glate i lgfateéldj’ ﬁ’§} ﬁséﬁ?‘C’l%H‘M‘F k and the second
bar ri adjuathy tiwtire Ij)bteii‘ﬂhdhhhﬁmﬁrﬁ Hpﬂhb Sﬁ;t poténtinghel t5e dﬁlﬂdfel

St & t er. .canpri si a flux
iR TR by R lePh BE beepLP e A 9 gt | e
bpcgetigfwedit andeast one of the first qubit and the second
qubi t un1du ing at |east a
porti (c)t?]ﬂ cl)lﬁgJ &Egr%@lbﬁ/ﬁaﬁ%g %)elréocaqulsﬂ% 83, diiffibe)
conmput er - r eadabl e nedi um stori ng executabl e
instructions for: initializing a first qubit to an
initial classical state, wherein the first qubit has a
potential energy configuration conprising a first
potential well having a first potential m ninum and a
second potential well having a second potentia
mnimum and the initial classical state is located in
the first potential well; adjusting the first
potential mnimmof the first potential well to a
third potential mninmumthat is higher than the second
potential m ninmum of the second potential well; and
coupling the first qubit and a second qubit for a
duration t
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