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VF 2 WOR Y BAL S it B R A A B R R REM IR, (558
O34 B% 8 7. f#%5% (scanning tunneling microscope, STM)#E
B LLRTF R PSR SS A 728, (HICRF ) a3
A2 UUSEAT K RPN R ORD ROBE B A Bl 2 #2. Btk STM
AT STM a4y BES AN POt S it ) 4y B 38, ]
DLSEILE 0 BEA i RROGig 2, JER TR, Ry
T B TR [ e R AR A B 1 2E I AE . A SCE BN A
THM STM HARMELRE, YIAIRMEX TR M EE
. BEIS, KT STM H AR R TG AL A L 4 217 7Y
TiO,(110)FK 1 b B AL T I AE-P- 5 3l g 2258, 878 T
SRS G RT3l = R, I TR
TFIREE S AT e R =22 ] A B AR DGk, R & 3R
T Physical Review Letters'.

B )2 ) 3 45 2= R Bl 1455 M — A S
AN TR B ) RO 1 ) 3l 2 B TR BER R R B R . R A=
TERPHR BN S (ns, 107 )RRG5 T, (HEXFF R fp
P (ps, 1072 ), KFPZ(fs, 107" s)EF LFIEIK (as, 1078 s)
FREPE S, AT AR R OGRS AT, ] 40 ZE I -4
W (pump-probe) i AR . #B P OEH AR i1 F 32 BT 5 FR 1)
RRL, HCs ] 43 B A BOK (um) B2, I 37062
T AR LD e B L2k, (B F ORI 40K 38
M F RIS R. R, STM B 1525 [ 5 HER,
1H 52 vl 3 R R v B 9 A BIR A, I T 2 B R A TR (as)
. Kk, STM 5B YOG AR LS G 7T LLTR M IE Ay
M, R RE LS ps £F fs METEISIHES. Bk
STM He A F F FDGHK b &, SRS IR T8 L Azl
wigfES, HAREZAG T, Blh&n T — &9k
Jr2,

1993 4, Weiss % APHEH TOGH T STM HA
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(photoconductively gated STM, PG-STM), # ZZ i 4% >
PEDREDEH PTG, FOmpE] ZpBE35 2 ps, 25H]SFHER
9 20 nm. %S5 HER FEZ R TEHR 5 B R A Z M 1R
GBI AIUT R, HRNESIFIRHR N TNES.
gL E 23 ()43 $E 2, Nunes Fl Freeman™H4& 1} T 55 PG-STM A
A M 45 IR A Fi R (PG-STM  with junction mixing, JM-
STM), REZ M PERT LA | nm, HNES5RLER
TR RR BN AAE B, HE R AR S AR A T Y R
i, {4 10 ps.

Hamers F1 Cahill®" RS2 1 ik 405 STM(pulse-
excited STM, PX-STM)IJAR 1, %45 AR HAT 10 ns Al 1 pm
1943 PR, A TTIEAFAE A Tl (1) R 9 L I 15 52 Bk
PR ST R A R R, E ko R R R AN BR IR B fs A, PR
il 7] 3 R (2) %7 A R AR R R, AR
BRI PG N A TR, X STM BEIE FRL = A T3t T,
Pfeiffer 2 A 122 3& il F XUk #h 843l STM(paired-pulse-
excited STM, PPX-STM), it i b 1 45 fY BL U H Ui A 4 SE IR
FIF 1) 74 bR RIAG I, AR AR B B FP A I ) 43 R, (H
FHIR BB 1) AR IH A7 AE.

2010 4F, Terada 55 AW T 9k XUk wp il STM
(shaken pulse-pair-excited STM, SPPX-STM)+; /R >k fif Pt ix
S fa] . AT AT K R R A R ] R, HT
AR P T e A SR R R 5 A B B IOV ), S A
A RO ks T RO S iR R[5 e L. SPPX-STM 4
AP ps ££ 2 fs py kPR e, (H 528507~ RUBE R4 473
AARKA P HAE.

FAT1E SPPX-STM £ KA b, MSLEE T —F&T
PETERR 5 K23 (107" Torr) ARIEL(S K)FREE T AR STM &
5. ZARGHAE CEP R ] 43 FE 5 R G A ] 43 P
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2R, I HAT LU 0 il o SARIOR f s e, RO $E 1= A Mg
. FATE RIS STM RGN A TOLHEbA BHA R, #
REN T TiO(110)FR T _F G AT 45 3h 1 2%,

WAl F I —Fh kLT, 2 i SR S B A A
IS A TN E K. © 5SB48R 80w
YA 2R B UIA G, Bt . mRE T el
G BH 45

LA TiO, SRR GAEETIATRL R H TiO(110)
P A S N R AL TS U 4 A e R A
B, 1a)H &5 S48 m s, X A BE AN X RRPE T
REJE AL T 7618 2 18] I LM B b (9 Sh 7 AR T T 2 19,
WAL F 5307 1 LA 480 7 DA R S s o7 B 3T ) e E S R
TP AR L R 5], (A5 Ak 9k 24 A 7 4 s A3 S L

AT E S FRMAL F AL AR A OGBUL AT IS Bt
N WNE 1)FTR, AL TR EERTE 700 nm WOLIRS T
LM (valence band, VB)R 3l i1 H AR AL 7~ 2545 i & 4 i,
[7]iF 577 (conduction band, CB)ifith[a] F# 5. 4555 —1E
JRHEITR, RATRIOCIRT i 2 b R RE R L T35
5 CB ZIA e FBRE, 24U 6 B i A T 26000
BT RERTF N FHEENSRE, WA R A HET

(E 1(c)), XKLL [ by HL 175 st TR 7 2 4 Aol s 0T 4
AR, EROREE AL T

AR TR S T AT, W R TR S
IR B B ASA. ATAE B g e A, AT
FHPT SR ELAT BRI ER Y 532 nm A ANFD K ih o6 k1 7 R
STM 2B, P 1(d)~(D) R T K ifi b A [ L # Ab i
KA FA f RSB B e AR RAERM, LB AR
A7 4 75 i ZURORE T R R ERSE. B 1(d) A SR I
) STM JERLIE, 1 Al 2 Fon MRS b T r L, o
WA T 1 WA AR R, AR AL 2 T P SR
A P 1) AL 1 Ab b RS B B AR 1 1
TR ]S BRI, REA TS B T USRI A a1
V(AN ()2 i b S5 B~ 77 iy A A 5 S R 4 2 1)
o Rl Al 2 iR IR AE T 1 RIRZ, ORI
AR 2 T 1R B4 it e A e S BRSO, et T AL
TERR. AR, A iy T A i 0 SR B B0 DT RUBE 23 A
FFARBURR, LR FUARR 40 K RUBE fr) 1 24 e s 95 1

S U O AL T R SR B Sy g T
W25 R, s Ty RO PR A S HEAE ], R I S ok
B L2 A A 5 05 AT BE BT SR A AL TR 1, X B TR
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Figure 1 (Color online) The photoexcitation of a single polaron and its spatially dependent lifetime. (a) The distribution of polaron near the oxygen
defect on the surface of TiO,(110); (b) the scanning tunnel spectrum of the polaron site with (without) laser irradiation; (c) corresponding to (b), the

electron is photoexcited from the polaron state to the conduction band; (d) STM morphology of two oxygen defects, two polaron sites are marked at
sites 1 and 2, respectively; (e) time-resolved curve of free electrons captured at site 1 by oxygen defect to form polaron; (f) location dependence of the

lifetimes for photoexcited electrons and polarons
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