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SQUID circuit

® — magnetic flux through the SQUID loop +

kinetic inductance term
¢ - ;magnetic’ phase D =Dy — (Lgeom-l'LK)IS = Qo —Lgls



Critical current of the SQUID
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For®=0,/2 => y1—y2=mn => perfect cancellation of currents
flowing through two arms of the SQUID

SQUID is a JJ with the magnetic field-regulated critical current
(tunable JJ !!1)



Interference pattern for SQUID

" IV for hysteretic SQUID
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Symmetric Squid is superconducting analog of double slit optical (or electron) interferometer:

applied flux — @ < d*sin6 - path difference
Flux guantum — ®o < A —wavelength

For symmetric SQUID (2 x JJ): I =2-13 -

cos(r - 2)
(DO




What will happen for @ = ®/2?

Analyze sinusoid graphically to show evolution of two junction phases both
with magnetic flux and bias current:

Magnetic flux alone shifts the phases symetrically around zero:
gammal = - gammaZ2, gammal-gamma2=2pi Fi/Fi0

Bias current shifts two phases as a unisom preserving distance between them
gammal-gamma2=2pi Fi/Fi0

Special case:
Gammal-gammaZ2=Pi, maximum screening current circulating in the SQUID,

Equal to the critical current of the single junction 0.

For®=®,/2 => |yi—y2l=n => It =-lj2= Max(l,;) => perfect
cancellation of currents flowing through two arms of the SQUID

SQUID can not support superconducting current!!!



Link for SQUID in Wolfram Cloud

https://www.wolframcloud.com/obj/7cc22595-86dd-4096-86ca-333fdcb4a955



SQUID — numerical study of a general case
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Phase equation: 51 + L
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SQUID with self-flux

D =gyt — (Lgeom+Lr)ls = Pror —Lgls
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SQUID — various applications

MAGNETOMETR A GRADIOMETR
LS \
POLE MAGNETYCZNE SQ{{D kS ! 4
ANANAANARAA
s
CEWKA—__ E3 SLABSZE
% POLE
£l
T | \reia =
I | | POMIAROWA PRAD
WOLTOMIERZ -
- PRAD
k)
PRAD
_SILNIEJSZE
_——" POLE
OPORNIK
NAPIECIE l | | |

URZADZENIA WYKORZYSTUJACE SQUID zwykle wymagaja dodatkowych elementéw. Magnetometr zawiera ,Aransformator strumie-
nia”, ktéry skiada si¢ z petli pomiarowej polaczonej z cewka sprzezona z interferometrem. Pole magnetyczne wzbudza prad w petli,
powodujac jego przeptyw przez cewke i powstanie strumienia pola magnetycznego przenikajacego interferometr. W gradiometrze dwie
oddalone od siebie petle pomiarowe nawinigte w przeciwnych kierunkach s3 poddawane jednoczesnemu dziataniu pola magnetycznego.
Strumieri pola magnetycznego przenika interferometr tylko wtedy, gdy natezenie tego pola w obu petlach jest rézne. W woltomierzu
mierzone napigcie wywoluje przeptyw pradu o natezeniu réwnym ilorazowi wartosci tego napiecia i wielkoséci oporu polaczonego
z cewka sprzezona z nadprzewodnikowym interferometrem kwantowym.



Atomic contact
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Atomic Squid...
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pattern for ATOMIC
SQUID

lo-switching current
of junction alone

When SQUID switches, phase across
JJ is the same independently of applied
magnetic flux => interference pattern
IS current-phase relation of atomic
contact



Voltage vs. phase

Normal metal

Superconductor

Voltage drop

Phase drop imposes

forces current current
R r<<R The biggest
o— I —0 phase drop in
the loop on

All voltage drops on R

the weakest
weak link



