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Imaging of Transient Carrier Dynamics in Semiconductors by Nanoscale Pump-Probe Microscopy
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We realized real space imaging of transient carrier dynamics by combining ultrashort pulse laser
technology with scanning tunneling microscopy (STM). The new microscopy, called shaken-pulse-pair
excited STM (SPPX-STM), simultaneously has the temporal resolution of ultrashort laser pulse width
and the spatial resolution of STM. We successfully imaged carrier dynamics in semiconductors with
nanoscale structures in real space by the new microscopy techniques.
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Fig. 1 Schematics of (a) OPPR and (b)time-resolved

STM systems and their methods, OPPR: (c)—(d),
time-resolved STM: (c)—(e)—(f).
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Fig. 2 Schematic illustrations of (a) first and (b) second
generations of time-resolved STM.

IR AZEZ 5 2 L CRIERH OZ %177 9 A4
HHWDS, WE I 7 — O L E S IZIEHIRY S )%
IR X psFERE &/ & K, 30 A B 01320 Hz A2 B2 L2 BR
5N 5 (STME DA HETIIEIZEEN L L &
%), ZOlzouy 74 MFEHMERIEFICMEST, £
72, b ANVERRL L =V —REORE N ) 1 XD
FHZITLED). $oT, TOYATLATIE, ME
WEWREIZ 72 o 723 O OFHINZ IZ R OFE AL T,
W B 5 % ZE IS A A=Y 0 745 2 LIZREET
Hoiz.

EOHADY AT ATIE, SVAE Y H—FHVH
LVGBIER A RE A EA T 5 2 LTI ) LA MEDF
PN WA Y B — MR & B AR Y LA
I EDRER S, AN SNV ARG HAEED /S
WANERY 5. BIERMIX, G086, FHLZ
2D 7 = A ML —HF— (KEEOEBRTHW DX/ v
ANE140 fs) S EN BV AKX EFR Y T 74 3 >~
ThRRET S L THIMT 5. Fig.2 (b) ® X 9 1290/%
WAKD ) BLISIVAKOAE BB S LGE, #0) K
LW EuE b & ©90 MHzA 51 MHzIZ#g A L, KD
TRIERE (2 DRI O N457128 725500 ns F TR E <
T&5%. BENMOLHFHIIZ O, 2 HEIZLT, 5
TRIERF s, & O TRMICEI VX 52 L TfTH. 2
D} R TIE, Fig.2 (D) IR L7z & D IR ICEE
B 22T 5720, ay 247 TEBOCTHES
NBEFFAI=10,) —I(t, )BT 5. @ETDOND
LA VW TERMELT) & RE LIRIETOLEHILIE
LWESOMEE T HH, HREE AV L5 61,.%
BhACIREE DARFEEH & ) TR CRET 5 2 EAHE

566

e¥ 1 T 15F :
2 S 1f h 1 591.0:&[\
<1-8-b <1_>5.o.g- ]
— — d

< ~wva¢ww <

5 ol / LT-GaAs 3 A GaNAs

A0 -5 0 5 10ps 0 500ps
Delay time Delay time
s 1us

1ps
e oes— | | comj——
_ e g 4
&7 4F ]
%2 2 (M_ _ H-Si l
< X 3 < .
of% ' 3 S 05 sz, 2
z I £ - B
&'axmww”“f < Nxﬁvf}”
3 _4’_' . n-GaA.s ] 0.3
0 5 10ns -1 0 1us
Delay time Delay time

Fig. 3 Time-resolved signals from LT-GaAs, GaNAs,
n-GaAs and H-terminated Si obtained by OPPR
method and SPPX-STM.
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Fig. 4 Mechanism of SPPX-STM on semiconductors
(a)-(d) and an example of SPPX-STM signal from
GaAs sample (e). TIBB: tip-induced band
bending, SPV: surface photovoltage, 7, and ,:
decay constants of photo-induced carrier densities
obtained for the bulk-side and surface-side decays,
respectively.
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Fig. 5 (a) STM image and (b) band structure of GaAS/
AlGaAs/LT-GaAs sample. (c) time-resolved STM
signals obtained along a line crossing the AlGaAs/
LT-GaAs interface.
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Fig. 6 Schematic illustrations of (a) GaAs-pin structure
and its (b) inner potential, and (c) time-resolved
signals obtained for different delay times. Bottom
two are a two-dimensional mapping of decay
constant obtained by fitting a series of time-
resolved images and a crross-section along the
white line in the mapping.
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Fig. 7 (a) STM image and (b) overlap of the STM image
and two-dimensional decay constant map obtained
for Co-nano particle/GaAs, (c) band structure, (d)
cross section along the line in (b), (e) decay
constant as a function of tunneling current showing
two- limiting factors, (f) hole capture rate as a
function of nano-particle size.
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