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Abstract
High-quality spin-polarized electron sources are essential for high-energy electron accelerators and

spin-resolved electron microscopy and spectroscopy, where they enable precision studies in nuclear physics,

particle physics, and materials science. GaAs-based photocathodes offer a favorable combination of high

electron spin polarization (ESP), high quantum efficiency (QE), low energy spread, and low emittance,

while also enabling rapid reversal of the electron-spin orientation by switching the helicity of the excitation

light. Their photoemission process comprises spin-selective interband excitation, spin transport toward

the surface, and electron emission through a negative-electron-affinity (NEA) surface. In bulk GaAs, the

degeneracy of the heavy-hole and light-hole bands at the Γ point limits the ideal initial ESP to 50%, while

carrier scattering, structural defects, and surface-escape processes cause additional polarization loss. This

review discusses how material structure, carrier transport, and surface chemistry collectively govern ESP,

QE, and operational lifetime.
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 The structural evolution from bulk GaAs and single strained layers to strained superlattices, strain-

compensated superlattices, and distributed Bragg reflector (DBR) structures is systematically assessed.

Strain and quantum confinement lift the heavy-hole/light-hole degeneracy, whereas active-layer thickness,

superlattice periodicity, interface quality, and optical-field distribution determine the balance among spin

selectivity, optical absorption, and carrier transport. Single strained layers can achieve ESP values of

80–90%; however, the limited thickness required to maintain strain generally restricts their QE to below

0.2%. Strained superlattices increase the effective absorption thickness, while strain-compensated designs

mitigate cumulative strain, thereby enabling ESP values near 92% together with QE up to 1.6%. DBR

structures recycle transmitted light and enhance resonant absorption without simply increasing the active-

layer thickness. Reported devices have achieved QE values ranging from 6.4% at an ESP of 84% to more

than 15% at an ESP of approximately 75%. These advances demonstrate that structural optimization

must be accompanied by effective control of strain relaxation, interface quality, and defect formation.

Epitaxial growth, doping-profile engineering, and surface/interface preparation are also reviewed.

Molecular beam epitaxy enables precise control over layer thickness, composition, doping, and interface

quality, whereas metal-organic chemical vapor deposition offers higher growth rates and advantages in

large-area uniformity and batch production. Reproducible NEA activation depends on effective surface

cleaning, appropriate vacuum annealing, and careful control of surface contamination and morphology.

Conventional Cs–O activation can provide high initial QE but remains highly sensitive to residual gases

and ion back-bombardment. Multicomponent activation schemes, including Cs–Li–O and Cs–Sb–O, can

improve contamination tolerance or operational lifetime under specific conditions, although their relative

advantages and microscopic mechanisms remain to be clarified. Atomically thin graphene and hexagonal

boron nitride also show promise as protective layers, provided that sufficient electron transmission and

QE can be retained.

GaAs-based photocathodes are now widely used in high-energy accelerators and spin-resolved mi-

croscopy and spectroscopy, where high ESP, low energy spread, low emittance, and long-term stability are

simultaneously required. A magnetic spatial resolution of 3.3 nm has been demonstrated in spin-polarized

low-energy electron microscopy using a strained superlattice photocathode, illustrating the performance

38



 achievable with advanced photocathode structures. Nevertheless, the central challenge remains the simul-

taneous improvement of ESP, QE, and operational lifetime. Increasing the absorber thickness enhances QE

but can promote strain relaxation and depolarization, while doping profiles designed to facilitate carrier

transport must also preserve spin polarization. In addition, efficient NEA activation must remain stable

under high-average-current operation. Future progress will therefore require the coordinated optimization

of material structure, surface chemistry, vacuum conditions, and electron-gun operation. Gradient doping,

plasmon-enhanced optical absorption, multicomponent activation, and atomically thin protective layers

should be evaluated not only in terms of initial QE, but also with respect to reproducibility, polarization

retention, electron transmission, operational lifetime, and reliability under high-current conditions.
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