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Abstract-The temperature dependence of the upper critical fields, both perpendicular
H,,, and parallel H ,, to layer planes of ferromagnet/superconductor bi-and multi-layers, is

theoretically investigated. The secular equation of the superconducting order parameter for
determining the phase diagram (H T ) is obtained by solving exactly the linearized Usadel
equation in the multimode method taking into account the material parameter values. For the
bilayers system, the influence of the boundary resistivity on the critical fields, and the
dimensional crossover of H , (T) are studied in detail. For the multilayered structure, the effect

of the pi-phase state on both the superconducting transition temperature 7, and the upper critical
fields (H,,, , and H_,,) are also considered. The nonmonotonic T, behaviors are predicted. The

interplay between 0-and pi-phases leading to the strong oscillations of T, as well as the critical

fields on the ferromagnetic layer thickness are investigated theoretically. In addition, the
influence of pair breaking effects on the upper critical fields and the critical temperatures are also
studied. The generalized Usadel equations which are a pair of coupled equations containing an
additional spin-orbit and magnetic impurity scattering can be decoupled in spite of the coupling
between the exchange field and spin-orbit interaction in the F layer. The temperature dependence
of the parallel upper critical field in the F/S bilayers is shown to be lessened in the presence of
the spm-orblt and the spin scattering processes. The interplay between zero-and pi-phases is
considered in the case of the F/S multilayers. The nonmonotonic character of the critical
temperature of the system is less pronounced with an increase of scattering rates. The pi-phase
formation is feasible through the strong oscillation of the zero temperature upper critical fields
versus the thickness of ferromagnetic layer.





