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In recent years, the rapid development of technology coupling optical light with Scanning Probe Microscopes has
made it possible to investigate the quantum dynamics of materials and unravel the light-matter interaction on the

atomic scale spatial resolution and ultrafast time resolution. This article introduces recent experimental results achieved
by a novel time-resolved STM that utilizes a transient tunneling current driven by an electric field of the sub-cycle
optical pulse. Finally, we provide a future perspective of the technology.
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Fig. 1. (color online). Schematics illustration of time-
resolved STM (a) Optical pump-probe STM (b) Elecrical
pump-probe STM (c) light-field driven STM.
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Fig. 2. (color online). (a) Terahertz pulse electric field
waveform and corresponding frequency spectrum (inset)
generated using THz antenna. (b) Schematic of the tunnelling
I-V curve of an STM, where the d.c. bias, V., drives a d.c.
current, lq.. The terahertz pulse coupled to the STM tip
generates a time-dependent voltage bias, Vru.(t), that drives
an ultrafast terahertz-induced current, Itu,(t) (¢) Electric field
waveform of THz pulses with different CEPs (¢pcer=0, 71/2
and ). (d) CEP dependence of tunnel current as a function
of d.c. bias measured on HOPG (Vs=1 V, Is=0.5 nA). The
spectra with ¢cep=0 and 7 are offset by +0.07 nA for
clarity. From Ref. 9, 10.
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Fig. 3. (color online). (a). Experimental set-up. (b) THz
current image taken over single a pentacene molecule. (c)
THz pump- THz probe measurement of a single pentacene
molecule's time dynamics. From Ref. 24.
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Fig. 4. (color online). Time-resolved analysis of electron
motion in Cg thin film. a. STM image of the C¢ multilayer
structure in a region including steps and a vacancy defect,
indicated by the arrow, (b) Time-resolved spectra obtained at
A to I'in (a). (c) Snapshots obtained over the area shown in
(a). From Ref. 25.
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Fig. 5. (color online). (a) Measurement principle of THz
near field sampling (b) Waveform of the incident THz field.
(c) THz near field waveform measured at tip apex. (d) Set-up
of THz-STM with CEP controlled single-cycle THz pulse
QWP, quarter-wave plate ; HWP, half-wave plate ; WGP,
wire grid polarizer ; OAP, off-axis parabolic mirror. (e) Far-
field single-cycle THz waveforms with different CEPs and
(f) corresponding THz frequency spectra. From Ref. 26, 30.
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Fig. 6. (color online). (a) Waveform of sub-cycle MIR
pulse detected by Electro-optic sampling and corresponding
FFT spectra. (b) Schematic of the experimental set-up ; <6
fs carrier-envelope phase (CEP) stable optical pulses are
focused by an off-axis parabolic mirror (OAPM) at the apex
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Modulation of the field-driven tunneling current as a function
of CEP of the laser pulses. From Ref. 13 and 32.
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