HoBocnbupckun FocyaapcTBeHHbIn TeXHUYeCKun
YHUBeEpCuTeT

: N AN
/1/“‘/ C ‘\'»‘wm@ SN
>/ = 2\
s/ 7= \Z\
=/ 2‘5 >\
“ =
X e
Rtk S e S —
SHITYZS
S 1950 22

A. C. TpuHbepr

CeBepxnposBoaHUKOBbIE
KBaHTOBble 6UTbl HA OCHOBE
[1>)K03e(pCOHOBCKUX Nepexonos



CopoepraHue

KoHTaKT [)K03edCcoHa
dPa3o0BbIN KYOUT
CBepxnNpoOBOAHNKOBbIN MOTOKOBbIN KYOUT

JlTabopaTopuna KpMOreHHOM KBaHTOBOM
3NEeKTPOHUKMN B HI'TY



KoHTaKT [I}Ko3edCcoHa

Insulator
Superconductor Superconductor 24V /I.R
; . 6)
[wileP | el eiPr
14
@®
Cooper pair oLy
0
= ' dl h
| =l.SIng voLZ o -
dt 2el . cosg
hd
V=2 E=E,(1-cosg)
2e dt

g

E. -_C
T 2



3o00napK AX03epCOHOBCKUX KyOUTOB

Table 1. Main types of Josephson junction (JJ) based qubit circuits.

C G L Ly E,/Ey Ey/Ec Z

fF fF pH pH \y
1. Phase qubit [16] 0 6000 3300 16 0.005 ~10° ~1.5
2. Phase qubit [115] 800 ~A) 720 ~80 0.11 ~104 ~13
3. rf-SQUID [12] 0 40 238 101 0.43 2000 48
4. Flux qubit [125] 0 3 1200 600 0.5 10 450
5. Fluxonium [137] 0.15 ~A0 3300 150 0.045 1 1400
6. C-shunt [140] 50 ~A) 15000 4500 0.3 25 480
7. Charge qubit [11] 0.68 ~A0) o 808 0 0.018 ~ 107
8. Quantronium [15] 28 ~0 oc 1.1 10°% 0 1.27 1300
9. Transmon [25, 26] 1540 ~0 oc ~10° 0 10-50 ~250
10. Xmon [149] 100 ~A) o ~10% 0 2228 ~500
11. Gatemon [153] 100 ~0 o ~10% 0 17-32 ~500

Charging energy of one Cooper pair (2e): Ec = (2¢)?/2C
Inductive energy: E; = h*/(4¢’L)

Josephson energy: Ejo = 7 /(4e”Lio)

Resistance ‘quantum’: Ry = fi/(2e)* = 1.027059 kO

Impedance: 7 ~ v Lin/C=Rg V”E VE 10/ Ec

Wendin G. Quantum information processing with superconducting circuits: a review
Rep Prog Phys 80, 106001 (2017).
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CBepXnpoBOAHMKOBbLIA NOTOKOBbIN KyouT

eMaterial: Aluminium, Shadow-evaporation tecnique

eTwo contacts ~600x200nm, (/. = 600 nA), the third is smaller, so that
a=E,; /E;3~0.8-0.9

eInductance L = 20 pH

*).E. Mooij et al., Science 285, 1036, 1999.
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Layout Micrograph
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M. Grajcar, et al., PRL 96,047006 (2006) 19



JlTabopaTtopua KPMOreHHOU KBAHTOBOM
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PedpuxepaTtop pacTtBopeHuUs
- Cucrema KOHTPO/MA U MOHUTOPUHTIA
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Pedppurkepatop 300 MK c paboumm
copbuUMOHHbIM moaynem He-7
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OcHaweHue nabopartopum
- KomnpeccopHas

Cuctema pacnpegeneHus rasa o
Oxnagutens nynbcupyolen Tpybkn(pulse tube cooler)



JKcnepumMeHTanbHoe obopyaoBaHue

- 13 Ty aHanoroBasl nonoca
- 10 Ny nonoca cdunbsTpa NPOMEXKYTOHYHOM
- 2 nopTa And U3MepeHus S-napamMeTposB

- -150 dBm ypoBeHb COOGCTBEHHbIX LUYMOB

YnbTpa3BykoBasi cBapka Al knuHom
YnbTpa3BykoBasi cBapka AU LUAPUKOM



[lpoueccop NepBOro KOMMepP4YeCcKoro
KBAHTOBOIO Bbluucnutena D-Wave Two
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KomnbtoTep D-wave 1024 kybut
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KBaHTOBbIN OTXKMUT
AanabatnyecKknm KBaHTOBbIN aITOPUTM

I
1

1-s(t))H, +s(t)H,

vigls))

Wendin G. Quantum information processing with superconducting circuits: a review
Rep Prog Phys 80, 106001 (2017).
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