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Nanoscale imaging of ultrafast phenomena in materials used in nanotechnology is a
promising technology for material science. As an unprecedented demonstration of such
visualization, here we show images of local minority-carrier lifetimes in semiconductor
heterostructures using femtosecond time-resolved scanning tunneling microscopy (STM),
shaken-pulse-paired excited STM (SPPX-STM) [1].
SPPX-STM is the combination of STM with optical excitation using femtosecond laser
pulse pairs, which provides ultimate spatial and temporal resolutions. In SPPX-STM
measurements, the tunnel gap of STM is illuminated by a sequence of paired pulses and the
corresponding change in tunneling current ∆I is measured as a function of delay time td
between the pulse pair. SPPX-STM provides spatial and temporal information on
optically-induced phenomena which depends on material systems. In case of semiconductors,
SPPX-STM measurements illustrate local decay processes of photo-generated minority
carriers.
The sample used was GaAs p-i-n junction grown by molecular beam epitaxy. SPPX-STS
measurements were performed on a cleaved clean surface at room temperature in ultrahigh
vacuum. The duration and wavelength of the pulse laser were 150 fs and 800 nm,
respectively.
The decay process of photo-generated minority carriers is expected to be inhomogeneous in
p-i-n junction. The dominant process is recombination in P or N regions while it is drift and
diffusion in I region. For typical semiconductors like GaAs, the latter process is faster. This
expectation is clearly illustrated by a lifetime image across the p-i boundary which reveals
that the lifetime in I region is shorter than that in P region. Details will be discussed at the
presentation.
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