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KyrnoHoBckas briokaga
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OQHO3MEKTPOHHbIN TpaH3ucTop (SET)

Averin, Likharev (1986) theory
Fulton, Dolan (1987) exp.
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YenoBusa:  kgT << E.=¢e%/2Cy
R >> R = h/4e? = 6.5 kQ

Yu. A. Pashkin et al. APL 74, 132 (1999):
C — TpaH3uctop ¢ E/kg =670 K

OcobeHHOCTU: Yu. A. Pashkin et al. APL 76, 2256 (2000):

R — TpaH3ucTop, eaMHCTBEHHAs peanu3auns
KYJIOHOBCKasi 0JIOKaJja TyHHEJIMPOBAHUSI

e-neproauIecKas Moy sus o Qq
3apsA0Bas UyBCTBUTEIHLHOCTE:

103 e/HzY2 ga HY

10 e/HzY? ya BY

Yu. A. Pashkin et al. PRB 83, 020502(R) (2011):
pe3oHaHChl B TpaHcrnopTe



Ayenka KynepoBCKMX nap |
M. Blttiker, 1987

V. Bouchiat et al, 1995

OBYXYpOBHEBasi cuctema




3apsaoBbIn KyouT

Nakamura, Pashkin, Tsai,
Nature 398, 786 (1999)
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NamepeHmne KOHEYHOIro COCTOAHUS

[>xo3edcoHOBCKO-KBa3nyacTuyHbin umkn (Fulton et al., 1989)
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[1>xo3edcoHOBCKUN — KBasnydacTuyHbIn (JQP) Lumkn
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HabnogeHne KBaHTOBbIX OCLUUNMAUNA

HEKOrepeHTHbIN
pacnag
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CBsi3aHHble 3apsa0Bble KyOUTHI

Yu. A. Pashkin et al. Nature 421, 823 (2003)
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OHepreTnyeckme ypoBHM

TOYKa ABONHOIO
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Ocumnnsaunm B TOYKe ABOWMHOMO BbIPOXKAEHUS
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KBaHTOBbIE BUEHUS: SKCNEPUMEHT
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YacToTta (GHZz)
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(LSS

&

o

C
w, T wl; a)27/i v
L

6e3 cea3u

Vi =Vy Vo

B yem pasHuua?

Wy Vo Vi @y

\

CO CBA3blO

v

@ ocuunnupyer:

C.: (pU3mnYeCKUU NapameTp X

Q.: BepoaTHOCTb p(x) 6617 O Mnu 1



[lepeonpeneneHne eauHMLbl ToKa

Cuctema CU
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r=1m %:ﬂo = 2x107 H/m

27r

bonee «ectecTtBeHHOEe» onpeaernenne: 1 A = 1 KynoH/c | = nef

1 KynoH = 6.24150948 x 1018e = 1A =6.24150948 x 10'8e/c
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3apsiaoBble HacoChl: NPUHLUI AENCTBUS

[lpeobpasoBaHue
YyacToTbl B TOK | = €f

OOHO3/1eKMPOHHbIE HacoChl.

Geerligs et al. 1990, Keller et al. 1996,

Lotkhov et al. 2000

Bbicokasi moYyHOCmMb, HO MeOTIEHHbIE:
| <10 pA

lMonynpoeodHuKoe8sble
ycmpoticmea, 6e2yujue 80JIHbI,
KeaHmMoe8ble MOYKU:

Shilton et al. 1996

Fujiwara et al. 2004

Blumenthal et al. 2007

Kaestner et al. 2007

Giblin et al., 2010

CeepxnpoeoOHUKOBbIEe ycmpolcmaea:.

Heckonbko Bepcumn

b6bicmpble, HO mpydHO rnodasums oWUbKu

MexaHu4eckue wammisbl.

Konig et al. 2008



TMbpUaHbIN 0AHO3NEKTPOHHbIN Hacoc (SINIS)

(nepBaﬂ BepCMFI) J.P. Pekola et al.,
Nature Physics 4, 120 (2008)
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Peanusaunsa napannenbHOU Nepekayky 3NeKTPOHOB

Kaxkgbln HacoC U3MepsaeTcs HE3aBUCMMO Ha NOCTOSIHHOM TOKe

O6bwwnn ynpasnstowmn BY curHan gns Bcex HacocoB
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V.F. Maisi et al., NJP 11,113057 (2009)



Normalised current (ef)

[TapannenbHaga paboTta HacocoB
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NIS nepexoabl C pa3INYHbIM
3N1EKTPOMATHUTHbLIM OKPYXEHUEM
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Current (nA)

[Noawenesaa nposoanmocTb B SINIS TpaH3ucTopax
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HaHoanekTpomexaHndeckne cuctemol = HOMC

Quest for smaller dimensions, higher f
and p035|bly hlgher Q

Cleland and Roukes, APL 69 2653 (1996)  Sekaric L. et. al., Sens. & Acts. A 101 215 (2002)

Yang Y. T. et. al. APL. 78, 162 (2001) Y.T. Yang et aI APL. 78, 162 (2001)
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Al pe3oHaTopbl

Li et al. APL 92, 043112 (2008)

[ns ocHoBHOM Mmoab! (Il nognoxke)

f, =1.03 Ewie
o,

E: moaynb KOHra
0: NNOTHOCTb

t=0.2 um t=0.1um
{XW(um?) 5x0.1 3x0.1 2x0.1 1x0.06 0.6x0.06
f, MHz) 405 110 187 360 770
Q 120000 41000 16000 30000 2400

NnonnkpucTaruyinyeckne < MOHOKpUcTtarJin4eckme
saryxaHue F. Hoehne et al. PRB. 81, 184112 (2010)



[TogBeLLIEHHbIE OAHOJSIEKTPOHHbIE TPAH3NCTOPDI
— YCTPOWUCTBA OBa-B-O4HOM

Pashkin et al. APL 96, 263513 (2010)

BGokoBOM 3aTBOP
TYHHENbHbIE

nepexoabl
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\ HWXXHUIA 3aTBOP |'|0,£|,B€LIJ8HHbII7I

(Vi + Vie) Y : OCTPOB

Beam length 0.67um 1pum 1.5um
experiment 492MHz 206MHz 95MHz
T,#0 520MHz 270MHz 150MHz
T,=0 443MHz 199MHz 88MHz

hv =Kk,T T=30mK == v=625MHz



[TpeobpasoBaHne MexaHM4YeCKOro CMeLLIeHUs B 3apsia
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OcCTpOB TpaH3MUCTOpPa Kak pe3oHaTop

w, | 271 ~ 95MHz
1/2
=17 kBT -13

My = PCW =1.6x107"kg (%)= . ~3x107°m
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Gianni Blatter
Solid-state qubit: -

Small, but consistent, steps are being taken towards the realization of a
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PHYSICS

Electron turnstiles

New J. Phys. 11, 13057 (2009)

The ampere is the standard unit of electrical
current, but its definition is arbitrary.
Physicists would like to redefine the ampere
in terms of the motion of a small number
of electrons, so that the standard is based

on the unchanging charge carried by the
fundamental particles.

Ville Maisi at the Centre for Metrology
and Accreditation in Espoo, Finland, and his
colleagues in Finland and Japan bring such
a definition closer. The team uses transistors
that act as electron “turnstiles'—allowing
just one of the particles through at a time.
Putting ten such gates in parallel generates
a measurable current that could potentially
be used to define a more precise ampere, the
authors say.

sing has moved a step closer thanks
single quantum objects

nuch more demanding prob-
they can exploit the quantum
at results from the wave nature
ystems. This coherence means
* processing components of a
wputer have a common phase -
hotons in a laser beam. A clas-
r register that has NV bits, cach
be in one of two states D and 1,
one of 2% configurations at a
lowever, a quantum-coherent
contains N quantum bits, o

re a coherent superposition of

rations at the same time,
1 lies the problem of actually
antum computer. If the qubit

physicsweb.org

register loses its coherence, the superposi-
tion is destroyed and the register behaves
at best —as an ordinary bit register. The time
it takes for the qubits to become decoherent
is therefore a central issue in realizing a fully
fledged quantum computer.

The real power of a quantum computer
is the way in which information can be
stored, which relies on the quantum entan-
glement of qubits. Put simply, this means
that the individual quantum bits in the N
qubit states ol the quantum memory are
not independent. The information is actu-
ally stored in the entire quantum memory
register, and in states that may have non-
classical correlations.

PHysics WorLD May 2003

© 2003 Nature Publishing Group MNATURE | VOL421| 20 FEBRUARY 2003 | wwrw.nature com/naturs



MHoXecTBO Habntogaembix 3 PeKTOB
(MOMUMO KYITOHOBCKOW Brnokaabl TYHHENUPOBaHUSA)

. KBaHTOBas KOrepeHTHOCTb N KBAHTOBbIE OCLUUIIJTALNN MeXAY ABYMA
MaKpOCKONMnyeCKknmMmn 3apagoBbiMn COCTOAHUAMU CBerI'IpOBO,EI,FlLLI,eﬁ CTPYKTYpPBbI.

. KBaHTOBasi AuHamumka AByx CBA3aHHbIX TBEPAOTENbLHLIX KYybUTOB ONTOB,
KkBaHTOBasa normdeckasa auyemka CNOT.

. OQHO3NEKTPOHHbIE TPAH3UCTOPbI:
C €MKOCTHbIM 3aTBOPOM: PEKOPAHOE 3HAYEeHUe 3apsa0BON SHEPTrUK
C Pe3MCTUBHbIM 3aTBOPOM: 10 CUX NMOP €AMHCTBEHHAs peanu3aums

. BrninaHmne anekTpomMarHMTHOro OKpYXXeHWUS:

nepexoabl TMna NIS: noguwenesasa npoBOANMOCTb,

nepexogbl TMna SIS: pe3oHaHCbl BO BHELLUHEWN Leny NPOABMAITCA B BUAeE
TOKOBbIX MUKOB.

. KoHTponupyemebiin nepeHoC SNeKTPOHOB B AECATM napasnenbHbiX 3fIEKTPOHHbIX Hacocax
Ha OCHOBE O4HO3MNEeKTPOHHbIX TpaH3ncTopoB Tuna SINIS.

. OOHO3MEKTPOHHBIN TPAH3UCTOP C NoABELEHHBIM OCTPOBOM — YCTPOWCTBO ABa-B-O4HOM:
BbICOKOYaCTOTHbIM HAHOMEXaHUYECKNN Pe30HAaTOP M YYBCTBUTENbHbLIN
HaHOJMNEKTPOHHbLIN NpeobpasoBaTefb MEXaHNYECKMX KOrebaHU B arieKTpuYecKue.



