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DYNAMIC PROPERTIES OF SIFS JOSEPHSON JUNCTIONS
Golubov A.A.), Vasenko 4.5.°. Kawabata S.>. Kuprivanov M.Yu.", Bergeret F.S.°. Hekking F.W.J.°
Faculty of Secienece and Technology and MESA+ Institute of Nanotechnology.
University of Twente, 7500 AE Enschede. The Netherlands
? Institut Laue-Langevin. 6 rue Jules Horowitz, BP 156, 38042 Grenoble. France
3 Institute of Advanced Industrial Science and Technology. Tsukuba, Ibaraki, 305-8568. Japan
4 Institute of Nuclear Physics Moscow State University. Leninskie gory. GSP-1. Moscow 119991,
Russian Federation
? Centro de F'isica de Materiales, Manuel de Lardizabal 5. E-20018 San Sebasti an. Spain
§ Universit’e Joseph Fourier and CNRS, 25 avenue des Martyrs. BP 166, 38042 Grenoble, France

Superconductor/insulator/ ferromagnet/ superconductor (SIFS) tunnel Josephson junctions exhibit
interesting features like oscillatory behavior of the density of states (DOS) in the F-interlayer and 0-
T transitions in the Josephson current [1]. Due to combination of tunneling type of conduetivity and
exchange field in a ferromagnet. these junctions are suitable for applications in quantum circuits.
Here we present a quantitative study of the current-voltage characteristics (CVC) of SIFS junctions.
In order to obtain the CVC we calculate the DOS in the F/S bilayer for arbitrary length of the
ferromagnetic layer, using quasiclassical theory. For a ferromagnetic layer thickness larger than the
characteristic penetration depth of the superconducting condensate into the F layer. we find an
analytical expression which agrees with the DOS obtained from a self-consistent numerical method.
We discuss general properties of the DOS and its dependence on the parameters of the
ferromagnetic layer. In particular we focus our analysis on the DOS oscillations at the Fermi
energy. Using the numerically obtained DOS we calculate the corresponding CVC and discuss their
properties. Finally, we use CVC to calculate the macroscopie quantum tunneling (MQT) escape rate
for the current biased SIFS junctions.

[1]A. S. Vasenko. A. A. Golubov, M. Yu. Kupriyanov, and M. Weides, Phys. Rev. B 77, 134507
(2008).
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PROXIMITY-EFFECT SUPERCONDUCTlNG TRlPLET SPIN VALVE
Tagirov L.R™. Deminov R.G. .Nedopekm O v.!. Fominov I’a V.2, Kuprivanov M.Yu®,
Kmmmsk{:}a T.Yu.". Golubov A.4.”°

! Institute of Ph} sies, Kazan Federal University, 420008 Kazan, Russia
*Institute of Physics, Augsburg University. D-86135 Augsburg, Germany
*L.D. Landau Institute for Theoretical Physics RAS. 119334 Moscow, Russia
4 Skobeltsyn Institute of Nuclear Physics. Moscow State University, 119992 Moscow. Russia
? Faculty of Science and Technology and MESA+ Institute of Nanotechnology.
University of Twente, 7500 AE Enschede. The Netherlands

We study the critical temperature T, of S/FI/N/F2 core structure, where the magnetization
direction of the outer F2 is kept fixed by a source of the exchange bias or induced anisotropy, or by
the shape anisotropy. The nonmagnetic metal layer N in between of the F1 and F2 layers provides
exchange decoupling of them. This spin-valve structure is attached to the singlet superconductor
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layer S as an actuator to control the superconducting T, of the latter. The basic idea goes up to the
work by S. Oh et al. [1]. however, we have taken into account the long-range triplet component of
the superconducting pairing. which can be generated at noncollinear magnetizations of the F layers
[2]. We demonstrate that T, can be a nonmonotonic function of the angle o between magnetizations
of the two F layers. The minimum is achieved at an intermediate o, lying between the parallel (P,
o = 0) and antiparallel (AP. o = m) cases (see solution of the simplified problem for the S/F1/F2(w)

structure in Ref. [3]). This implies a possibility of the “triplet™ spin-valve effect: at temperatures

above the minimum T but below the both, T(P and T, CAP. the system is superconducting in the

domain of angles around the collinear magnetizations of the F layers. but non-superconducting in
the middle. At the same time, considering only the P and AP orientations, we find that both, the
“normal” TAT >TF | and the “inverse” TAF <TF switching effects are possible depending on the
choice of material properties and thickness of the layers [3-5]. With proper adjustment of the S-
layer thickness the system can be driven into a regime of the re-entrant superconductivity as a
function of the angle between magnetizations of the F1 and F2 layers [3.4]. It seems that
observation of the unconventional “triplet” switching effect, or the re-entrant superconductivity in
the S/F1/N/F2-type structures, could be an experimental indication of existence of the long-range
odd triplet component of superconductivity in SF hybrids, predicted in Ref. [2].

This work was supported by RFBR (projects No. 11-02-00077-a, 11-02-00848-a. and 10-02-90014-
Bel a)., DFG (project No. GZ: HO 955/6-1). the Russian Ministry of Education and Science
{(contract No. P799), and the program “Quantum physics of condensed matter” of the RAS,

[1] S. Oh. D. Youm. and M.R. Beasley. Appl. Phys. Lett. 71 (1997) 2376.

[2] F.S. Bergeret. A.F. Volkov, and K.B. Efetov. Rev. Meod. Phys. 77 (2005) 1321.

[3] Ya.V. Fominov. A.A. Golubov, T.Yu. Karminskaya et al., JETP Lett. 91 (2010) 308,

[4] B.G. Deminov. L.R. Tagirov, O.V. Nedopekin ef al.. Phys. Rev. B, submitted.

[5]P.V. Leksin, N.N. Garif yanov, LA, Garifullin ef al., Phys. Rev. Lett. 106 (2011) 067005,
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PROXIMITY EFFECT IN SFF STRUCTURES
Karminskaya T’ Kupriyanov M. Golubov 4°. Prischepa s?
! Institute of Nuclear Physics Moscow State University. Leninskie gory. GSP-1, Moscow 119991,
Russian Federation
? Faculty of Science and Technology and MESA+ Institute of Nanotechnology.
University of Twente, P.O. Box 217, 7500 AE Enschede, The Netherlands
3 Belarus State University of Informatics and Radioelectronics, P. Browka 6, Minsk 220013,
Belarus

Nowadays there is a considerable interest to the structures composed from superconducting (S)
and ferromagnetic (F) layers. The possibility of m-states in SFS Josephson junctions due to
oscillatory nature of superconducting order parameter induced into a ferromagnet was predicted
theoretically and has been convineingly demonstrated by experiments [1]-[3]. It was also predicted
that in Josephson junctions with several ferromagnetic layers it is possible to realize m-states even in
the case when the F-layers are so thin that order parameter oscillations cannot develop there, but
phase slips occur at the SF interfaces with finite transparency. This effect was predicted in [4] for
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SFIFS junctions, where two SF-bilayers are decoupled by an insulating barrier T' In this case phase
shifts d¢ occur at each of the SF interfaces and saturate at o¢ = 71/2 with the increase of exchange
field. As a result. total phase shift across the junction equals to 1.

Recently, structures where two F-layers are coupled to a superconductor (FSF or SFF) attracted
much attention since they may serve as superconducting spin valves, where transition temperature is
controlled by angle o between magnetization directions of the F-lavers [5]. The SFF structures with
fully transparent interfaces were studied theoretically in [6], where it was shown that critical
temperature in such trilayers can be a nonmonotonic function of the angle a.

In this paper we address important issue of the influence of interface transparency on singlet and
triplet correlations in SFF structures and show that phase slips at both interfaces lead to a number of
new peculiar phenomena. First, for parallel orientations of magnetizations in the F-layers. m-state in
SFFIS Josephson junction can be realized as a result of two subsequent 7/2 phase shifts at the
interfaces. Second, the magnitude of long-range triplet component which is generated in SFF
structures with varying angle & between the F-layer magnetizations. has anomalous dependence on
a. Namely, contrary to the previous knowledge based on analysis of symmetric FSF or SFFS
structures, the triplet component in SFF structures reaches maximum not in the vicinity of o=r/2
and can be even zero for this configuration of magnetization vectors. We also show how these new
effects manifest itself in the conductance of F layers and in the realization of (-1 transition in SFFIS
tunnel junctions.

Support by BFBR grant @10P-063 and RFBR. grant 10-02-90014-Ben-a 1s acknowledged.

[1] AA. Golubov. M. Yu. Kuprivanov, and E. Il'ichev, Rev. Mod. Phys., 76 (2004) 411.

[2] AL Buzdin, Rev. Mod. Phys.. 77}, (2005) 935.

[3] F.S. Bergeret. A. F. Volkov, K. B. Efetov, Rev. Mod. Phys., 77 (2005) 1321.

[4] A'A. Golubov, M. Yu.Kupriyanov and Ya.V. Fominov. JETP Letters, 75 (2002) 190.

[5] P.V. Leksin, N.N. Garif'yanov, LA. Garifullin.. ef al. Phys. Rev. Lett., 106 (2011) 067005.
[6] Ya.V. Fominov, A.A. Golubov, T.Yu. Karminskaya. ef al.. Pis'ma v ZhETF 91, (2010) 329.
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SIFS JOSEPHSON JUNCTION: FROM THE CLEAN
TO THE DIRTY LIMIT
Pugach N. Gl Kuprivanov M. Yu.”. Goldobin E.*. Koelle D.”. Kleiner R
lFacu]‘ry of Physics, M.V. Lomonosov Moscow State University, Leninskie Gory, GSP-2, Moscow
119991, Russia
* Skobeltsyn Institute of Nuclear Physics M.V. Lomonosov Moscow State University.
Leninskie gory. GSP-1. Moscow 119991, Russia
3 Physikalisches Institut-Experimentalphysik II. Universitat Titbingen, Auf der Morgenstelle 14,
D-72076 Tiibingen, Germany

The interplay between dirty and clean limits for Superconductor-Ferromagnet-Superconductor
(SFS) Josephson junctions is a subject of intensive theoretical studies [1.2]. SIFS junctions,
containing an additional insulator (I) barrier are interesting as potential logic elements in
superconducting eircuits, since their eritical current I; can be tuned over a wide range, still keeping
a high IRy product. where Ry is the normal resistance of the junction. They are also a convenient
model system for a comparative study of the O-m transitions for arbitrary relations between
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characteristic lengths of the F-layer: the layer thickness d. the mean free path [, the magnetic length
Er=vr/2H. and the nonmagnetic coherence length Sy=ve/2nTc. where vr is the Fermi veloeity, H is
the exchange magnetic energy. and T¢ is the critical temperature of the superconducting electrodes.
The spatial variations of the order parameter are described by the complex coherent length i the
ferromagnet E,,F_1= %1'l+ fr‘.ﬁg'l. Tt 1s well known, that in the dirty limit (/<<E&; 7} described by the
Usadel equations both EJ12=E_,32= vel/3H [3].

In this work the spatial distribution of the anomalous Green’s functions and the Josephson current
in the STFS junction are calculated. The linearized Eilenberger equations are solved together with
Zaitsev boundary conditions [5]. This allows comparing the dirty and the clean limits, investigating
a moderate disorder, and establishing the applicability limits of the Usadel equations for such
structures. We demonstrate that for an arbitrary relation between I, &g and d the spatial distribution
of the anomalous Green’s function can be approximated by a single exponent with reasonable
accuracy, and we find its effective decay length and oscillation period for several values of &g, [ and
d. The role of different types of the FS interface is analyzed. The applicability range of the Usadel
equation 1s established.

The results of calculations have been applied to the interpretation of experimental data obtamed
on Nb|ALO;|Cu|Ni|/Nb Josephson junctions containing a Ni layer with moderate scattering [6].

Support by RFBR and SFB TRR-21 is acknowledged.

[1]F. S. Bergeret, A. F. Volkov, and K. B. Efetov, Phys. Rev. B 64 (2001) 134506.

[2] J. Linder. M. Zareyan, and A. Sudbo. Phys. Rev. B 79 (2009) 064514.

[3] A. I. Buzdin, Rev. Mod. Phys. 77 (2005) 935.

[4] A. A. Golubov, M. Yu. Kupriyanov, E. Il'ichev. Rev. Mod. Phys. 76 (2004) 411.

[5] A. V. Zaitsev, Zh. Exp. Teor. Fiz. 86 (1984) 1742 [Sov. Phys. JETP 59 (1984) 1015].

[6] A. A. Bannvkh. . Pfeiffer. V. S. Stolyarov. I. E. Batov. V. V. Ryazanov. M. Weides. Phys. Rev.
B 79 (2009) 054501.
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DENSITY OF STATES MINIGAP IN A SUPERCONDUCTOR -
FERROMAG NET JUNCTION
Vasenko A.5."7. Golubov A.A.° . Kuprivanov M. Yu.". Lacroix C.’
Imntut Laue-Langevin, 6 rue Jules Horowitz, BP 156, 38042 Grenoble, France
Dep'ir’rmeu‘r of Physics, Moscow State University. Moscow, 119992, Russia
Faculh of Science and Technology and MESA+ Institute for Nanotechnology,
University of Twente, 7500 AE Enschede. The Netherlands
* Nuclear Physics Institute, Moscow State University. Moscow, 119992, Russia
? Institut Néel, Université Joseph Fourier and CNRS, 25 avenue des Martyrs, BP 166,
38042 Grenoble, France

In last years there was an mtense activity in studying the so called superconducting proximity
effect in the superconductor (S) — normal metal (N) and superconductor — ferromagnet (F) hybrid
structures  [1]. It manifests itself in superconducting correlations penetration into non-
superconducting material due to the mechanism of Andreev reflection. when electron is reflected as
a hole at the interface of superconductor with other material. with corresponding formation of the
Cooper pair inside the superconductor.

One way to probe the superconducting proximity effect is to study the density of states (DOS) in
SN and SF hybrid structures. It is well known that the DOS on the free boundary of the normal
metal layer of a SN bilayer exhibits the minigap. which is a manifestation of the superconducting
proximity effect. The characteristic scale of the minigap is set by the Thouless energy ETh = D/d2
[2]. where D is the diffusion coefficient in the normal metal and d is the thickness of the normal
metal layer.

In this work we study the behaviour of the minigap in SF bilayers with respect to the parameters
of the ferromagnetic metal. We can model the ferromagnet with just a single parameter — the
exchange field h. It shifts the DOS for the two spin subbands m the ferromagnet i opposite
directions. and therefore the critical value he of the exchange field at which the minigap in the
spectrum closes can be roughly estimated as he ~ ETh [3].

We have checked this prediction by self-consistent numerical calculation of the DOS n a SF
bilayer and found that it is in a good agreement with our data, he = 0.77 ETh [4]. However, this
estimation will be different if we take into account other parameters of ferromagnetic metal. In this
work we study the influence of the magnetic seattering parallel (perpendicular) to the quantization
axis, and the spin-orbit scattering.

[1] A. 1. Buzdin, Rev. Mod. Phys.. 77 (2005) 935.

[2] A.A. Golubov and M.Yu Kuprivanov., J. Low Temp. Phys.., 70 (1988) 83: A A. Golubov and
M. Yu. Kupriyanov. Sov. Phys. JETP, 69 (1989) 805.

[3] R. Fazio and C. Lucheroni., Europhys. Lett.. 45, (1999) 707.

[4] A.S. Vasenko. S. Kawabata. A.A. Golubov. M.Yu. Kuprivanov. C. Lacroix. F.S. Bergeret., and
F.W.J. Heklang, unpublished (arXiv: 1101.0361).
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CURRENT-PHASE RELATION IN JOSEPHSON JUNCTIONS WITH
COMPLEX FERROMAGNETIC/NORMAL METAL INTERLAYER
Klenov N Bakursky s, Karminskaya T’ Kupriyanov M’

! Physics Department Moscow State University Lenmskie Gory, GSP-1, Moscow 119991,
Russian Federation
? Institute of Nuclear Physics Moscow State University, Leninskie Gory, GSP-1, Moscow 119991,
Russian Federation

It is well known that eritical current across a Josephson junction with ferromagnetic spacer may
oscillate as a function of the ferromagnetic layer thickness. thus providing an existence of
Josephson structures with negative eritical current. so-called m-junctions [1-3]. In some classical and
quantum Josephson circuits it is even more interesting to create g-junctions, the structures having in
the ground state phase difference @. (0<| ¢ |<r) between superconducting electrodes.

In order to have a g-junction the current-phase relation (CPR) Is(¢) = A sin{¢) + B sin(2¢) should
at least contain sin(2¢) contribution. Moreover the amplitude of the second harmonic must obey the
conditions | B | > 4/2, A= 0,B<0.

In this paper we have analysed several types of SFS and SIFIS sandwiches and have found that in

practically interesting range of temperatures 720.1T¢ the formulated above conditions cannot be
realized.

However, we have demonstrated that for the recently proposed S-NF-S variable thickness bridges
[4]. it is possible to choose the junction geometry providing both 0-7 transition and nonsinusoidal
CPR. The areas of structure parameters which ensure the @-junction existence in these structures are
determined and classified.

Support by RFBR grant 10-02-90014-Bex-a and 10-02-00870-a, FTP GK 14.740.11.0065 is
acknowledged.

[1] A.A. Golubov. M. Yu. Kupriyanov, and E. Il'ichev. Rev. Mod. Phys., 76 (2004) 411.

[2] A.L Buzdin, Rev. Mod. Phys., 77. (2005) 935.

[3]F.S. Bergeret. A. F. Volkov. K. B. Efetov, Rev. Mod. Phys.. 77 (2005) 1321.

[4] T.Yu.Karminskaya. A.A.Golubov. M.Yu.Kuprivanov. A.S.Sidorenko. Phys. Rev. B 79. (2009)
214509,

23RP-G-10

SOLITARY REENTRANT SUPERCONDUCTIVITY IN ASYMMETRICAL
FSF STRUCTURES
Proshin Yu.". Khusainov M.
! Kazan Federal University. Kremlevskaya. 18: Kazan 420008, Russia
? Kazan State Power Engineering University, Krasnosel'skaya, 51: Kazan 420066, Russia

Solving the boundary value problem for the Eilenberger function. the superconducting and
magnetic states of asymmetric ferromagnet-superconductor-ferromagnet (FiSF2) nanostructures are
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SUPERCONDUCTING TRIPLET SPIN VALVE F2F1S - GENERAL MODEL
WITH ARBITRARY LAYER THICKNESSES AND BOUNDARY

TRANSPARENCIES
Deminov R.G... Tagirev LR Nedopekin O. V.. Fominov Ya. V3. Karminskaya TV,
Kupriyanov M.Yu.?, Golubov A.4.”
Mnstitute of Physics. Kazan Federal University, 420008 Kazan, Russia
? Institute of Physics. Augsburg University. D-86135 Augsburg. Germany
?L.D. Landau Institute for Theoretical Physics RAS, 119334 Moscow. Russia
4 Skobeltsyn Institute of Nuclear Physics, Moscow State University, 119992 Moscow, Russia
’ Faculty of Science and Technology and MESA+ Institute of Nanotechnology.
University of Twente, P.O. Box 217. 7500 AE Enschede, The Netherlands

We study the critical temperature T, of F2F1S trilayers (S is a singlet superconductor, Fi is a
ferromagnetic metal), where the long-range triplet superconducting component is generated at
noncollinear magnetizations of the F layers [1].

The F2NF1 heterostructure (N is a non-magnetic normal metal) with arbitrary thickness of the
layers is a conventional spin-valve which plays a role of control element in the FINF1S tetralayers.
Earlier we demonstrated that T, in such structures can be a non-monotonic function of the angle a
between magnetizations of the two F layers [2,3]. The absolute minimum is achieved at an

mtermediate o, lying between the parallel (P, 0.6
o =0) and antiparallel (AP. a = ) configurations. g By 03 Yars™ Yo = 02 |
we called this feature the “triplet” spin-valve 0.511- —d e, =04 de /=03 7T
effect. The role of the N layer in the F2NFIS 0.4l /=07 d/e=10 -
structure reduces to separating magnetically the — - dgy /ey =10 AR
two ferromagnetic layers allowing them to rotate % 0.3
. = . = B~ /
mdependently. If thinner than the coherence ;:u R e e ’
length. it has wvery small impact on N A N N "
superconducrivitylin tllle structure [3]. Therefore 0.1 SR : N d o= 015
we can study the simplified F2F1S structure. i T _
. . 0,0 Tem= 1.0

Figure shows dependence of the transition —
temperature I, on the angle o between 0 20 40 60 SO 100 120 140 160 180
magnetizations, the outer ferromagnetic layer F2 Angle between magnetizations (degree)

having fixed thickness (see the legend). Here T

1s the superconducting transition temperature for an 1solated S layer. Tranparencies of the mterfaces
were taken typical for the SF-proximity systems (see the Figure legends). At small thicknesses dr
of the middle ferromagnetic layer F1 (dri/Ep1 = 0.3) the switching effect 1s standard, while at larger
dr1 (dr1/Er1 = 1.0) the effect 1s inverse. Curve for dri/Er1 = 0.7 demonstrates the triplet spin-valve
effect. Moreover. the reentrant T(w) dependence (dri/Ep1 = 0.4) is possible. In this situation the
triplet spin-valve effect takes place even at T = 0. Figure shows a possibility of the spin-valve effect
enhancement at approximately equal thicknesses of the F layers.

This work was supported by RFBR (prs. Nos. 11-02-00077-a, 11-02-00848-a, and 10-02-90014-
Bel a). DFG (pr. No. GZ: HO 955/6-1). the Russian Ministry of Education and Science (contract
No. P799), and the program “Quantum physics of condensed matter” of the RAS.

[1]F.S. Bergeret. A F. Volkov. and K.B. Efetov. Rev. Mod. Phys.. 77 (2005) 1321.
[2] Ya.V. Fominov. A.A. Golubov, T.Yu. Karminskaya er al., JETP Lett., 91 (2010) 308.
[3] R.G. Demimov. L.R. Tagirov, O.V. Nedopekin ef al., Phys. Rev. B, submaitted.
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SUPERCONDUCTING PHASE TRANSITION IN
SUPERCONDUCTOR/FERROMAGNET MULTILAYERS
Kushnir VN, Prischepa s.L!. Cirillo C°, Attanasio C.°. Kuprivanov M. Y. Aarts J*
! Belarus State University of Informatics and RadioElectronics, P. Browka 6, Minsk 220013,
| Belarus
“ CNR-SPIN Salerno and Dipartimento di Fisica “E.R. Caianiello” Universita degli studi di Salerno.
Fisciano (Sa) [-84084, Italy
3 Institute of Nuclear Physics. Moscow State University. Moscow 119992, Russia
4 Kamerlingh Onnes Laboratory. Leiden University, P.O. Box 9504, 2300 RA Leiden.
The Netherlands

The nucleation of superconductivity in finite multilayers consisting of alternate ferromagnet (F)
and superconducting (S) layers has been investigated both experimentally and theoretically. We
found that the transition width AT, inereases with inereasing number Ny of S/F bilayers in the
multilayer in a well-defined manner, even though structural analysis indicates that interface
roughness and thickness variations of the individual layers are small. Also, step-like features start to
appear in the transition. The theoretical analysis made in terms of eigenvalues-eigenfunctions
problem for the microscopic equations of the superconducting critical state derived in the diffusive
limit (linearized Usadel equations).

For the preparation. we used weakly ferromagnetic PdgiNijy and superconducting Nb. The
samples consist of Si/Npp<(PdgiNijeNb)/PdgiNijs and were grown on Si(100) substrates by diode
sputtering in an ultrahigh vacuum system as described in [1]. The structural properties were
characterized by X-ray reflectometry (XRR) [2]. The series has formed by samples with Ny running
the values from 1 to 14 and the layer thicknesses ds = 18.7 nm and dr =2.2 nm.

For the theoretical investigation of the critical states of prepared structures, the boundary problem
for the set of Usadel equations is solved by the matrix method [3]. As a result, for each structure of
the series. the set of Ny critical eigenstates with cigen critical temperaures 7% (k=0.1..... Ny-1),
which enumerated in accordance with numbers of the eigenfunctions nodes. is derived. The
parameters of the model are estimated by the simultaneous fitting of the experimental dependence
of the critical temperature T, of PdgiNijo/Nb bilayers (which belongs to the considered layered
system) versus thickness of Nb layer [4]. and the asymptotic of experimental T.(Np) dependence.

The result of the comparison of the experimental and theoretical data is the following. The set of
cigenvalues T covers. and. for large Nj. almost precisely matchs to the transition width AT.. We
elaborated a model of a multistep phase transition by passing of the eigenstates with different 7.
This model includes the mechanisms of interaction of the bias transport current with induced
spontancous vortex current [3.5].

Support by BFFR. grant F10R-063 (K.V.N., P.SL.) and by RFFR. grant 10-02-90014-Bel-a
(K.M.Yu.) is acknowledged.

[1] C. Cirillo et al., Phys. Rev B, 75 (2007) 104510.

[2] A. Vecchione et al.. Surface Science, submitted.

[3] V.N. Kushnir. M.Yu. Kupriyanov. Pis ‘ma v ZhETP, submitted.

[4] C. Cirillo et al.. Phys. Rev B. 80 (2009) 094510.

[5]S.L. Prischepa et al.. Pis 'ma v ZhETP. 88 (2008) 431 [JETP Lett. 88 (2008) 375].
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Support by Deutsche Forschungsgemeinschatft (DFG) under the grant No GZ: HO 955/6-1 and by
the A.v.Humboldt Foundation, the AvH-Project 2C0704 "Nonuniform superconductivity in layered
SF-nanostructures Superconductor/Ferromagnet” 1s gratefully acknowledged.

[1] V.I. Zdravkov. J. Kehrle. G. Obermeier. et al. Phys. Rev. B 82, 054517 (2010).

240R-G-4

SUPERCONDUCTING CRITICAL TEMPERATURE AND MAGNETIC
INHOMOGENEITIES IN

SUPERCONDUCTOR/FERROMAGNET/SUPERCONDUCTOR TRILAYERS
Prischepa S.L. . Kushnir V.N.. Cirillo C.°, Attanasio C.°, Kupriyanov M. Yu.’
! Belarus State University of Informatics and RadioElectronics. P. Brovka 6.
| Minsk 220013, Belarus
“ CNE-SPIN Salerno and Dipartimento di Fisica “E.R. Caianiello™,
Universita degli Studi di Salerno. Fisciano (Sa) I-84084, Italy
* Institute of Nuclear Physics. Moscow State University, Moscow 119992, Russia

The effect of the exchange energy variations in weakly ferromagnetic alloys on the
superconductive resistive transition of Superconductor/Ferromagnet/Superconductor (S/F/S)
trilayers is studied. Critical temperature, Tt and resistive transitions versus the F-layer thickness, dr.
have been analyzed in Nb/Cuyp 41N1g 50/Nb and Nb/Pdy g N1y 1¢/Nb trilayers, We show that the T.(dg)
dependence and the width of the resistive transition curves R(T) are sensitive to magnetic
inhomogeneities in the F-layer for values of df corresponding to thickness where the -
superconducting state 15 established.

In particular we observe that, for the Nb/CugaiNigse/WNb trilayers. a broadening of the R(T)
transitions i1s observed in the m-phase thickness region, for dp C L?IE*. where the width AT, =0.6 K.
while for thickness dr << dr and dr >>df the resistive transitions are sharp and AT = 0.1 K. It was
proposed that such broadening at dr C ds can be due to in-plane inhomogeneity of both S and F
materials which generates a network of Josephson 0- and n- contacts with a subsequent spontancous
nucleation of vortices [1]. On the other hand for the Nb/Pdp g1 Nig 10/'Nb trilayers the R(T) transitions
are sharp and AT, do not exceed 0.1 K for all the values of df.

Since the specular X-ray reflectivity measurements performed on these samples revealed similar
values of the interfacial roughness for both the studied systems [2.3]. we exclude the possible
geometrical inhomogeneity of the samples as a reason for R(T) broadening. At the same time the Ni
clustering 15 much more pronounced in Cug41Nig so films with respect to Pdpg1N1g 19 one.

For this reason the experimental data have been analyzed applying the approach developed by
Tagirov to describe superconducting/strong ferromagnetic systems [4.5]. In the present case the aim
was to take into account the possible presence of Ni segregation in the alloys. The model
successtully reproduces with reasonable values of parameters the data for the Nb/Cug41NipsoNb
system. as well as for the Nb/Pdy31Nig10/Nb one. The results of the fitting procedure confirm the
absence of strong Ni clustering in Pdg 31Nig 19 films, while the quantitative estimate of the exchange
energy in the Ni clusters present in Cug 41 Nipso films is in good agreement with the literature,
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SUPERCONDUCTING THERMO-ELECTRIC BOLOMETER WITH HIGH
IMBALANCE OF TUNNELING THROUGH THE SIN TUNNEL JUNCTION
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! Chalmers University of Technology. 412 96 Gothenburg, Sweden
2 M.V. Lomonosov Moscow State University. Faculty of Physics and SINP, Moscow, Russia
¥ LCN Alexeev NSTU. N. Novgorod, Russia

The novel concept of the Zero-Biased Thermo-Electric Bolometer (TEB) has been recently
proposed [1]. The bolometer is based on a charge-to-voltage conversion in a Superconductor-
Insulator-Normal (SIN) Tunnel Junction. The absorption of photons in the superconducting
absorber leads to excitation of quasiparticles, tunneling through the SIN junction in zero-biased
mode with some imbalance of quasielectrons and quasiholes and generation of veltage. The
thermoelectric voltage is determined by accumulation of tunneling charge in an external
capacitance. Conversion efficiency is wvery high and voltage response comparable with a
superconducting gap is easily achieved. All properties of the TEB are determined by charge
imbalance in absorption and tunneling. The imbalance was quite low for previously realized
systems with SIN tunnel junction (0.01 for Smith-Tinkham realization [2]).

Fig 1. Sketch of the proposed Thermo-Electric Bolometer (TEB) based on a Charge-to-Voltage
Convertion  of  quasiparticles excited in
superconducting nanoabsorber by an RF signal. The
convertor is working in a novel mode as an integrator
of charge that has tunneled through the SIN junction.
The self-biased SIN tunnel junction is used for the
generation of a voltage which appears due to the

different probability of tunneling for quasielectrons I'-Pq.':u_‘q_ . o= Toe=""1
and quasiholes to the normal metal. i i) v :' N !
We propose a radically new method of advanced : s 1 SIN tunnel T == —~=]_!
TEB with high imbalance of quasielectrons and *~ unction sig: fanetion SN '
quasiholes tunneling through the SIN junction. The [~~~ ¢ C :"'/___\ """"

concept is fully based on large difference in tunneling '\}" Y,
probability of quasielectrons and quasiholes through
the low potential barrier SIN junctions. For that goal. the TEB with AlOx barrier of height Up=1.7
meV should be replaced Cr-based or Ti-based systems with a low potential barrier. Estimation of
tunneling probability and imbalance for Pb/Cr;03/Pb junction with Up=20 meV, superconducting
gap 2A=2.7 meV. thickness of the barrier d=5 nm [3] using quantum-mechanical transparency gives
Imbalance = 0.7 (!) that is very high figure for TEB [1].

Having a bias-free thermo-electric bolometer working at low temperatures is very attractive for
applications. However. the thermo-electric Seebeck coefficient is dramatically decreased at low
temperatures for ordinary metals and semiconductors. In contrast, the proposed TEB with
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