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Exchange stiffhess (4e) is a fundamental magnetic parameter that describes how strongly neighboring magnetic moments tend to align
with each other in space. Because exchange stiffhess is usually extracted indirectly, the appropriate measurement strategy depends strongly on
the sample structure and magnetic-layer thickness regime. In this review article, we summarize representative methods for measuring
exchange stiffhess across different magnetic-layer thickness regimes. In particular, we introduce domain-wall-based measurement strategies
for the ultrathin regime below 1 nm and spin-wave-dispersion-based methods for magnetic films with thicknesses of several nanometers. For
thicker magnetic films, we discuss exchange-stiffness extraction methods based on perpendicular standing spin-wave (PSSW) modes. Finally,
we summarize the advantages and limitations of each approach and discuss cross-validation strategies across different thickness regimes.
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Fig. 1. (Color online) Schematic illustration of domain-wall-tension-
based exchange-stiffness extraction. The effective field induced by
domain-wall tension varies approximately linearly with the inverse
bubble-domain radius, 1/7. From the slope of H.g versus 1/r, the
domain-wall energy onhw can be estimated, allowing the exchange
stiffhess 4.y to be extracted when the effective magnetic anisotropy is
known.
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Fig. 2. (Color online) Schematic illustration of domain-wall-chirality-
transition-based exchange-stiffness extraction. The spin-orbit-torque
efficiency ysor changes as the domain-wall internal magnetization
evolves between opposite Neel configurations through a Bloch-like
state under an in-plane magnetic field. The center of the transition is
shifted by the DMI effective field, —Hpyy, while the transition width is
determined by 2Hs. The characteristic field Hs can be used to estimate
the domain-wall width Apy, and hence the exchange stiffness A.,.
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Fig. 3. (Color online) Schematic illustration of spin-wave-dispersion-
based exchange-stiffness extraction using Brillouin light scattering.
The spin-wave frequency f{k) varies with the wave vector £, and the
curvature of the dispersion reflects the exchange contribution
proportional to A.4°. Fitting the measured spin-wave dispersion
therefore provides a route to determine A,.
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Fig. 4. (Color online) Schematic illustration of exchange-stiffness
extraction from perpendicular standing spin-wave modes. In thicker
magnetic films, the spin-wave wave vector is quantized along the film
thickness, &, = nz/t. The resonance frequency of each mode increases
with 72 through the exchange contribution proportional to A (/1)
Thus, the mode spacing provides a quantitative measure of the
exchange stiffness.
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