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What can We Probe using Femtosecond Time-Resolved STM?
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Due to the size reduction in structures, the difference in the electronic properties, for example, caused by the structural nonuniformi-
ty in each element, has an ever more crucial influence on macroscopic functions of semiconductor devices. And the direct observation
of the characteristics, which provides us with the basis for the macroscopic analysis of the results, is of great importance. Thus, for fur-
ther advances, a method for exploring the transient dynamics of the local quantum functions in organized small structures is eagerly
desired. However, it is extremely difficult to obtain spatial and temporal resolutions simultaneously on this scale, which requires a new
method; namely, new microscopy. In this paper, we introduce the shaken-pulse-pair-excited scanning tunneling microscopy (SPPX-
STM), which we have developed these years. SPPX-STM enables us to observe the dynamics of electronic structures with the ulti-

mate spatial and temporal resolutions.
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Fig. 1 Schematic illustration of the optical pump-probe tech-
nique,
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Fig. 2 Typical methods to combine STM with the optical
pump-probe technique. (a) Photoconductive gated STM. (b)
Pulse-excitation STM. (¢c) SPPX-STM.
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Fig. 3 Delay-time dependent tunneling current induced by a
laser-pulse pair (left), and time-averaged tunneling current
as a function of the delay time (right).
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Fig. 4 (a) An example of SPPX-STM signal (upper, red)

with an exponential fit (black line). (b) Time evolution of
AR/R (blue) measured by the optical pump-probe technique
with an exponential fit (black line). Sample is a GaN As, _,
(x=0.36%).
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TFig. 5 Change in the band structure of a n-type sample under
STM tip due to photo-illumination. (a) Before pulse excita-
tion (dark state). (b) Upon photoexcitation. (¢) Relaxation
following the excitation.

5L (Fig.30BLC), Tu—T7HiCkHF+ T DR
BEFTAFr ) TIEREIh B T4, e RN
LIRS, 21HCRNI Ry ST u T TR, BRI
& BT O—THOKHROEALL S, HF v V) 7T EEORH
TALAEAIL T\ 5. SPPX-STM D84, RINEFIC L 5
ERF v )7 OBBOEIIZ SPV O L & JICEE S RIT
L, BEOCHEIAOKEIDEDLLIH VIV EROKE S
HETSH. BHIchAEIZ, ThTEhO/IVAKIC & 58
R bV RIVERE TR L, BRI EgSh- v
FIVBROBMTH L5, JOFEDL FIBEREICKEY
%, WIEEFIORRIZBIER A E ¢ ) 7T HFMICLR TS
WIBEICES, RIIC T » ERWVWBEICIIIIF LA SO
B, - T, BERBAEL A O>NTEHEISINS P VX
WHERREB BT 5. JOBEREKFEMZ, Fig. 4(b)
DEBRBERLE—HKL, AIOBERFHEKFELOF - U T D
FarTEROEL N TE5S.

(@)D SPV ofEfid, FiCH~NA LD, SPVIC L) Ry

J. Vac. Soc. Jpn.



FIVREBEN AL T ATDICEL AL DT, JEREICH L fafn
IR OB FEw R >, SPV OEFIIREEEDORT v
Vo VIKHEShA-F v U T ORBTH H7-8, B L
DLEWRH A — )L TR 5. CThidRABOEHEIC LS
¢, EBE, Fig. 4 T/RL7- GaNAsHBIOEFEEL, TRV
EIERFERERIC BV T D> — 250 S ABN 5 O & R
INTW5.

4. SPPX-STM DOt H
<y ELY

—ERID BBES DZEM

3# Tz LS, SPPX-STM Tk, Ry 77/o—7
BRI, BIEEROBR R % it L THF v ) 7 HE DR
ZibERZAH. R 7 70—THELOENE, FVRIVER
7Oo—T7 L L THWAET, #hwz, SPPX-STM i
STM AR DZEE S REER O LA HEBE NS, - T,
ABFER* KRITNCER L (RS RES 2l il
FFTFE v DT XAF I 9 7 ADZE/MT v UV T HAREL 5.

CITH, BlEL T, AT o RO L TR v
o7 LR AR, WEDOHEAK % Fig. 6 (a)iCnd.
Ak GaAs EIR O LICHE & 72 AlGaAs (& 1 um)/
{EIRAUR GaAs (LTGaAs) (EE 1um) ThH5. KHESE
BEL B CEAL T H7-%, LTGaAs Bid, T EKEOHE
FUKLTHFr V7T OBEEFRr a4 —F Il THE

(a)

Delay time
b

GaAs
AlGaAs Vs
LTGaAs Eif
(b)

Delay time

2 ps

200 ns

Fig. 6 Example of SPPX-STM mapping for a GaAs/Al-
GaAs/LTGaAs heterostructural sample. (a) Schematic illus-
tration of the mapping process. (b) A sequence of Al map-
pings measured at different delay times over a boundary be-
tween AlGaAs and LTGaAs regions.
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