Spin valves based on AF/S/AF heterostructures
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Introduction

Motivation:  Superconducting  devices based on  proximity effect in
superconductor/magnetic material heterostructures are important objects for
superconducting spintronics. The dependence of the critical temperature of magnetic
material /superconductor /magnetic material trilayers on the angle between the
magnetic layers’ magnetizations leads to a spin-valve effect and gives opportunity
to use such structures as logical elements. While superconducting spin valves with
ferromagnets are well-studied [1-3|, we describe AF/S/AF spin valves.

Neel triplet Cooper pairs: It was demonstrated [4| that the Neel order of the fully
compensated AF makes the conventional singlet pairing to be partially converted into
spin-triplet correlations at AF /S interfaces. Their amplitude flips sign from one lattice
site to the next, just like the Neel spin order in the AF. Thus, they are called Neel
triplet Cooper pairs. Spin-valve effect in AF /S/AF structures is caused by sensitivity
of Neel triplet Cooper pairs to mutual orientation of the Neel vectors of the AFs.
Alternating sign of Neel triplets’ amplitude also leads to parity effect [5].

Spin-valve effect in FI1/S/F1 (review
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Theory:

The average exchange field seen by
a conduction electron is

h =2|T|S(a/dg) cos(0/2),

where 6 1s the angle between
magnetizations of F layers [1].

This predicts
superconductivity for
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Parity effect in AF/S/AF and F/S/F
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Spin-valve effect in AF/S/AF

Dependence of the critical
temperature 7. of the (insulating
AF)/S/(insulating AF) spin valve on
the angle ¢ between Neel vectors in the
AFs and the impurity strength in S du. %
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Fig.3 T.(¢) for the AF/S/AF structure.
Different curves correspond to different dg.

Fig.2 Setup. The angle ¢ between the Neel
vectors is shown.
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Fig.9 T.(¢) for a fixed ds and different hes.

Conclusions

(i) Neel triplet correlations in AF/S/AF lead to spin-valve effect. The results demonstrate
suppression of the valve effect at larger ds and possibility of absolute valve effect for larger
values of hes.

(i) Presence of impurities suppresses Neel triplets, which leads to disappearing of the valve
effect.

(iii) For larger dg critical temperature manifests non-monotonic dependence on the
misorientation angle due to appearance of equal-spin correlations and interference effects.
(iv) Angle dependence of AF/S/AF critical temperature shows the parity effect, which
provides a distinct signature of the Neel triplets.
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