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A new microscopy, optical pump-probe scanning tunneling microscopy (OPP-STM), which enables femtosecond
temporal resolution and atomic spatial resolution simultaneously, has been realized by combining STM with quantum
optical method. Using circularly polarized light for excitation, the measurement of local ultrafast spin dynamics has also
become possible. Detection of spin precession has enabled to provide local information of g-factor. Here, the bases for

the new microscopy techniques are overviewed.
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Fig. 1. (color online). Schematic illustrations of (a) OPP
method and (b) OPP-STM.
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Fig.2. Two-type delay time modulation of (a) sine-wave
and (b) rectangular-wave. (c) OPP-STM with a sine-wave
modulation. (d) OPP-STM with a rectangular-wave modula-
tion. I":raw signal. I:signal after preamplifier. AI: OPP-
STM signal. tq: delay time, fm : maximum delay time, 7« :
delay time considered to be infinite, Lq: optical length
producing delay time 7.
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Fig.3. (a) Power spectrum of tunneling current. (b)

Differential signal (upper) obtained by the sine-wave
modulation for GaNAs and its integration (lower) which
corresponds to the (absolute) signal expected by the
rectangular-wave modulations.
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Fig. 4. (a) STM image of Co/GaAs(110) structure, (b) decay

constant map obtained over the area in (a), and (c) overlay of
(a) and (b). (d) Cross-section along the line in (b).



NI - HFHES - RN 1B

BHONL, BTHTTEIANAY FASHICHELTS
D, A 100% TORIREIC R 22, MEGEE
WwWak, Ry7HRETU—TRICIYHEINRE AL ¥
DMEIZX DRI 5205, Ky HBICk
DR SN2 AE VPR 28T 2R 7 7u—71%

Al[pA]

-8 -6 -4
Delay time [ns]

(c)

@
£
=
S
w
=
5]
(&
>
©
(&
@
a

1 2

Size [nm’]

Fig.5. (a) STM image of Mn/GaAs structure, (b) time-

resolved spectrum obtained above Mn atom : a long lifetime
component (~100 ns) originating from the effect of surround-
ing Mn atoms is not shown here (V.= +2.0V, I,=150 pA,
RT) and (c) decay constants obtained for (Co, Fe, Mn) /GaAs
(110) structures as a function of metal size.
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Fig.7. (a) Magnetic-field dependence of spin precession as a
function of delay time (V= +2.5V, I,=3nA, 2.5K). (b)
Spin-orientation signal for the delay time of 2.3 ps measured
crossing a 6 nm quantum well (V,= +4.0V, I,=10nA, RT).
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Fig. 6. Schematic illustrations of (a) experimental setup with the modulation of circularly polarized light for
spin detection and (b) phase shift between pump and probe pulses. L and R indicate left-handed and right-
handed circularly polarized lights, respectively. P.C. : pockels cell, t. : delay time between pump and probe

pulses, M : mirror Vs : bias voltage.
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