SFIS ¢ Josephson junction as
elements of superconducting
memory

Edward Goldobin?,
H. Sickinger!, M. Weides?, R. Mints?, H. Kohlstedt3, D. Koelle!, R. Kleiner!

1 University of Tlbingen, Germany
2 Research Center Julich, Germany; Now at the University of Karlsruhe, Germany

3 Research Center Jiilich, Germany; Now at the University of Kiel, Germany
4 University of Tel Aviv, Israel

-, — . Deutsche
i _/ _I_l “ Forschungsgemeinschaft
see DFG

4.09.2015 ISSP, Chernogolovka, Russia
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(not dischargable) © X | load

R. Mints et al. PRB 57, R3221 (1998);

A. Feofanov et al., Nat. Phys. -6 593 @ A. Buzdin et al. PRB 67, R220504 (2003).
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ground states: +¢ and —
CPR: I =l sin()+1,,Sin(20)
o = arcsin(—l/21_,), 1 .,<-1/2

e i L Proposal: E. Goldobin et al., PRL 107, 227001 (2011)
e Experlment H. Sickinger et al., PRL 109, 107002 (2012)
S @Lh{tp www.pro-physik. de/detalIs/news/3790631/Supralelter als_Phasenbatterie.htm




Josephson phases ¢/x, y/x, &ln
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Josephson energy U(vy)

Uj(r) =1—cos(v) H —[1 —('()h‘('_)f_‘)] L /e sin (@),

p = arccos(—1/1"p) ‘

U(y) @ Tp = ~0.0

[T 1T 11 LI B | L Z:z—(lll) l‘:(_-l h=-0.00F7r—— T
2 e (W) @ Ty = —1.0 2 — Uly) @ h=-0.25
| — U(y) @ Ty =-2.0 S — U(y) @ h =~0.50
S 1 —U(y) @ h =-0.75
1 — — > 1 —
o) ©
o
0 5 s 5 O
1 o o | 2 ] ° ]
Q. —_" @
-1 - | o 4 [,=-2.0 . )
- well +¢ well S - well +o well
| | L | | | LI | L | I T T 17 | 1T T 1 I LI L I | L |
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
/T /T

Bistabe/two-level system

Ratchets & co.

Proposal: E. Goldobin et al., PRL 107, 227001 (2011)
Experiment: H. Sickinger et al., PRL 109, 107002 (2012)
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SIFS 0-7 Josephson junction:
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Observation of I, and I __

e |, is always observed
e |, only @0.3K<T<35K (low a)
o immediate retrapping (high o)
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Shifted main minimum
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potential energy U(wv)
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Butterfly effect
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Retrapping statistics

Nb-AlO-CuNi-Nb ¢ JJ:
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Summary & Outlook

Summary:
¢-JJ based on SIFS 0-rt JJ:
Properties of ¢-JJ:
degenerate ground states
magnetic field tunable CPR (write in, ratchet)
two critical currents near /=0 (readout)

Experiment
butterfly effect

¢@-bit (memory cell)
Outlook:

smaller ¢-bit
RSFQ integration of o¢-bit



