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Fig. 1. Experimental setup for carrier pump-probe
technique. Where M, high reflectivity mirror; ND fil-

ter, neutral density filter; L, lens; Lock-in, lock-in am-

plifier.

097201-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 67, No. 9 (2018) 097201

AN [ — K (T I 4l - 2R, B AT AN )
(ARTET i -2 s Y E R T ARG, 75 24
ANTEJI 8] SNPGRS H B 2e . 3N ]
AJ DU HE BRI Bk v BE AR 6 R 22 R it
TS, TOGREZE W IE GRS UM SE IR 3¢ B 3R
£ Pz e o B8 B N RIS L ¥ 10 15 PAE, AT
i AP RS R R AT Y. s e R

—/NGH R L T RS SRR S R BRI IE
S 58 REE () SO E R /N, TR B S AT R R O
I A TBOR BRI e 75 G ROt B v 1 ¥ bz
G HI e P R AT RE AR, AT RIS O BRI 4
A RIAESR f1 A0 fo, BOMBORERM SRR fr A
fo BIRIARER 2240, 3% 56 28 1 8 v] Fl 22 0 B s 5
AT /Ty = (T — Ty)/To KFEows, e T, Ty 53 518
A s 6 B s IR B SRR ARYE AR
AA = —1og(AT /Ty + 1), B 8] 53 B IS AT MBS T
o eI SIS R RS, R AA N H hiZ IR, 8
132 't IS R RO FE PR SR

2.2 BhiEHE-Fn

21— SR H 0 TR A s TR 3 38 Sl R
FEfm Y P17 7S SR DKk S vl = i 3 VAL R
BB, Wl 2 PR, MFHtEE TR, of
D4 o't A BE 2R B BE A T R HL A R b 1 R
27 T AR AT R T A, o BIRR
Je R BEHCR B e B R T 1) B =T T,

Initial Final Final spin polarization
+
(a) Neutral QD |0) 7. [11) [L1)
; +
(b) Singly Iy —— 1)
negatively ot [1)

charged QD ||) %» Forbidden

(c) Singly W = 1w
positively
charged QD [1) %» Forbidden

K2 BT sERB IR ER (P 2R R T B i
) EAER, A 2R 2 E BE R R R)  (a) o

HET S

Fig. 2. Schematic diagram of spin optical orientation
in quantum dots: (a) Neutral dot; (b) singly nega-
tively charged dot; (c) singly positively charged dot.
Where 1| represent spin-up and spin-down electron,
respectively; 1} represent spin-up and spin-down hole,

respectively.
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Fig. 3. Experimental setup for spin pump-probe technique

(M, high reflectivity mirror; P, polarizer; ND filter, neutral
density filter; A/2, half wave plate; A/4, quarter wave plate;
L, lens; EOM, electro-optic modulator; Lock-in, lock-in

amplifier).
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Fig. 4. Experimental setup for pump-orientation-probe measurements: (a) Pulse sequences; (b) scheme for laser

and detection system.
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Fig. 5. Measurement results by pump-orientation-

probe technique in CdS colloidal quantum dots:
(a) Time-resolved Faraday rotation signals for differ-
ent pump-orientation pulse delays; (b) electron spin
signal as a function of pump-orientation pulse delays.
Llaser repetition rate is 1 kHz. Fig. 5. is adapted from
Ref. [12].
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Fig. 8. (a) Pulse sequences with negative delays for pump-orientation-probe measurements; (b) spin signals at

1 ns and 33 ps after the pump irradiation; (c) time-resolved absorption signals at 1 ns and 33 us after the pump

irradiation; (d) positive photocharging signal as a function of pump-orientation pulse delays
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Abstract

The pump-orientation-probe technique is a recently-developed novel transient measurement technique, which has
unique advantages in probing the ultrafast dynamics of charge separation in colloidal nanostructures. In this technique,
the linearly-polarized pump pulse is applied to generating electron-hole pairs, and the circularly-polarized spin-orientation
pulse is used to establish the electron spin polarization, whose dynamics is detected by monitoring the polarization change
of the linearly-polarized probe pulse. Initially, the wavefunctions of the electron-hole pairs are spatially overlapped, and
the lifetime of the electron spin is short because of the strong electron-hole exchange interaction. If the electrons or
the holes are trapped by the surfaces of the colloidal nanostructures, the spatial separations between the electrons and
the holes weaken the exchange effect, and thus the lifetime of the electron spin is largely lengthened. The evolutions of
electrons and holes from their spatial overlap to separation can be revealed by monitoring the change of the electron spin
dynamics. Based on the introduction of the conventional two-beam carrier pump-probe and spin pump-probe techniques,
the features and optical layout of three-beam pump-orientation-probe technique are described in depth. The application
to probing negative or positive photocharging in CdS colloidal quantum dots is taken for example and discussed in
depth. Compared with the conventional time-resolved absorption or time-resolved fluorescence spectroscopy, the pump-
orientation-probe technique can detect the dynamics of trapping electrons or holes and distinguish the type of charging
state easily and directly, which has particular advantages under the high-power excitation condition. Further outlook of

the three-beam pump-orientation-probe technique is also presented finally.

Keywords: pump-probe, spin orientation, charge separation, ultrafast dynamics
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