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The pursuit of the “second-generation” spintronics has been focused on harnessing coherent
spin states. The salient examples of phenomena involving both coherent spins and their time
evolution is the spin-transfer torque (STT) and its Onsager reciprocal effect, termed spin pum-
ping because it occurs in setups without applied bias voltage, where microwave driven preces-
sing magnetization of a single ferromagnetic (F) layer emits pure spin current into adjacent
normal metal (N) layers. While pumped spin current has been detected by converting it into
∼ 10 nV voltage signal in N1|F|N2 junctions, a puzzling and much larger signal ∼ 1 µV
was measured in our recent experiments [1] on F|I|N tunnel junctions with AlOx insulating
barrier I. This observation is unexpected in both standard scattering theory and nonequilib-
rium Green function (NEGF) in the rotating frame [2] approaches to pumping which predict
no signal at adiabatic level ∼ ω. However, neither of these two approaches is capable of taking
into account strong spin-orbit coupling (SOC) directly at the F|N pumping interface, such as
the Rashba one demonstrated to exist in recent experiments on STT in F|I|N junctions. Un-
like the recent theoretical efforts on STT in the presence of SOCs, very little is known about
such effects on spin pumping. Here we discuss a novel solution [3] to time-dependent NEGFs,
which describes pumping in the presence of SOC exactly at the level of one microwave photon
absorption or emission processes, to explain ∼ ω voltage signal observed experimentally [1].
We also discuss pumping into 2D topological insulators (TI) whose helical edge states lead to
quantized pumped spin current even at very small input microwave power thereby generating
giant spin battery effect [4]. Finally, the unique voltage signal of spin pumping in vertical F|TI
junctions can be employed to detect quantum Hall liquid on the surface of three-dimensional
TIs in proximity to F.
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