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OUTLINE

e Proximity effect in SF-bilayers

= Spatial oscillations of the induced superconducting
order parameter in F- layer

- F-layer thickness dependence.
SF-bilayer T (dg)-oscillations

e (-m-transition in SFS Josephson
junctions

= Reentrant behavior of the 1.(T) and I.(dy)
dependences

e t-shift in triangular array at
(-mt-transition

= Two-cell triangular array of SFS junctions
n-shift of the I.(H) dependence

e “0”-m-bi-stability of SFS junction
arrays in magnetic field

= “0”-rt - transition in magnetic field




Spatial oscillations of induced superconducting
order parameter in ferromagnets in close
proximity to a superconductor
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h is exhange field
Y(x) =¥,Cos(2Qx)
®cxp. decay
Q~E /Vr

Q # 0 is center of pair mass momentum
Demler, Arnold, Beasley, Phys. Rev. B. 55, 15174 (1997).
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Order parameter at SF-interface
in a SF-bilayer.
SF-bilayer T_-jscillations
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First experimental observation:
Nb/Gd - Jiang, Davidovich et al. PRL 74, 314 (1995)




Critical temperature T_
of Nb-Cu_ . Ni___ bilayer
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vs ferromagnetic layer thickness d_
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e Superconducting transition initial point
e Superconducting transition middle point
¢ Superconducting transition final point
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bottom Nb

Samples fabrication

® forming of the bottom Nb strip (width 100 um) by
Nb film dc-magnetron sputtering (110 nm thickness),
photolithography and chemical etching

® Nb - surface ion etching and CulNi alloy film
deposition by rf-diode sputtering

® forming of SiO-isolation layer (170 nm) with the
"window" (50x50) um by photolithography,
thermal evaporation and "lift-off" process

® forming of the upper Nb strip (240 nm thickness
and 80 ym width) by photolithography, CuNi-alloy

surface ion etching, Nb film dc-magnetron sputtering
and "lift-off"' process

Sample side view

top Nb

CuNi

Si-substrate

Nb- Cu/Ni- N6 (SFS) sandwich



Temperature dependence
of the order parameter spatial oscillations
for E.x ~ kT

Complex pair coherence length in ferromagnet for EEX >> kyT:

i | tgical fwe SFSs
Er= JhD/i2E,, 57)0 o %;1 iy

&1 = Era=/hD/E,, wfvzfﬁjwﬁ

gpl is the pair decay length,
ZnE_,m is a wavelength of the spatial oscillations

Complex pair coherence length in ferromagnet for E., ~ kgT:
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The period of the spatial oscillations decreases with temperature !

Temperature crossover from ’0-’ to ‘r’-state
at T, where dpis about nyy(T)
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Triangular multi-t-junction network
. lr _ ] - 1= " - 5 - <
(Nh-C Uy 46 N.'ﬁ. 54 Nb junctions)

- ferromagnet film

- substrate

niobium film junction area

current

L1, 4%

voltage

P m-junction







0-7 bi-stability in magnetic field.

Two-contact interferometer with SFS junctions close to 0-n transition
LI ~®,; O =Dy/2; E=2Ejo+LI*/2=2E jo+®¢*/(4L)
If one from the junction in nt-state, and second one is in O-sate:
I4=0 and E= Ey,

i.e. I;4;=0 and I..=max both for ® =0 and ®=Dy/2

double-periodicity!!!
AD=D,/2
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~V¢c=928 puV x1/10
———Ve=611, 605, 602, 599, 592 uV, top to bottom
=~ \e=0.385 uV x1/10
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FIG. 2. Voltage over the SQUID (from contacts A to B in
Fig. 1) at a bias current slightly larger than I gquip as a
function of the ¢.,, for different values of V.. The amplitudes
of the two grey curves are multiplied by 1/10. Around
Ve citical = 002 #V, a doubling in periodicity of the voltage
oscillations is observed.
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Triangular nxm SFS junction array
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Triangular 31x16 SFS junction array
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0-m bi-stability in SFS array
0-state close to 0-mt-transition
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“0”-z ~ transition in magnetic field

V.K.Kornev, N.V.Klenov
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0-m bi-stability in SFS array
n-state close to 0-m-transition

_,--""_FH‘-
4 - o
30 :FI_’,_,_/"
¢ . :
% 25 ] H’_’,,ff;
I T L] ' —/_,-/,li
il ”/; 0-state
10 - —— .

1.0 i 1.5 " 2.0 2!5 j 3."0 3?5 4.'0 p 4.I5 50
T. K
n-state T=12K
- =80 mkA
'jﬂ . g S .‘\ P

A y : ;

/‘J -'. y P '.. :I;' & ‘h‘
T J V M\j I‘“l-
1
AH= 6 mOe
10 15 20 25 30 35 40
H(mOe)
T=42 K
=100 mkA

~088f . i

5 vy is

£ f;f . é%

s S !

= L

AH= 1.5 Oe |
0.00

10 5 0 5 10 15
H(mOe)

AHT %b“g



CAQCkE"(joa'Zd séa{e Ln {z:ahgufaz avz%
04 TJuhcf ons ¢

wwu Uf"%/y
AW
A

\ 1‘, I 1
Lo

KX XK
RRVAVR




