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Qutline Osaka University ;

1. Introduction
e EXcited states of excitons confined in semiconductor
guantum dots

e CuCl quantum dots

2. Experimental procedure
o Infrared transient absorption spectroscopy

* NS and ps systems

3. Results
» EXxcited-state absorption of confined excitons in CuCl
guantum dots

» Excited-state absorption of confined biexcitons

4. Summary



Semiconductor quantum structure ,,,mmﬂ,q

3D: Bulk crystal -

2D: Quantum well

DOS

il

1D: Quantum wire

0D: Quantum dot (QD)
(or nanocrystal)




Size-selective observation of QDs
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2. micro-photoluminescence
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Quantum size effect in spherical QDs ,,m,,l,,,i,,,,st

*Exciton confinement. Electron-hole individual confinement.
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Confined excitons in CuCl QDs us,.,ummq

Excitons in CuCl guantum dots

ag=0.7 nm (1S); Ry*=197 meV
Confinement energyll] 10meV (a* =4 nm)

[1 EXxciton confinement regime

Two quantum numbers of the confined exciton:

1) Confinement of 2) Coulombic states (n'L)
translational motion (nl)
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Energy levels of confined excitons Ilsalmllnmrsinq
T. Uozumi, et al., Phys. Rev. B 59, 9826 (1999)
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Excited-state absorption of excitons Q
confined in CuCl quantum dots Osaka University

(Infrared transient absorption)
« Mimura et al., J. Lumin. 66&67, 401 (1996)
 Yamanaka et al., J. Lumin. 76&77, 256 (1998)
e Yamanaka et al., J. Lumin. 87&89, 312 (2000)
e [toh et al., Int. J. Mod. Phys. 15, 3569 (2001)
* Miyajima et al., Phys. Stat. Sol. (b), in press.

(Two-photon excitation)
« Edamatsu et al., Phys. Rev. B 59, 15868 (1999)

(Theoretical works)
« Kayanuma, Phys.Rev. B 38, 9797 (1988)
e Uozumi et al., Phys. Rev. B 59, 9826 (1999)
 Uozumi et al., Phys. Rev. B 65, 165318 (2002)



Sample preparation Ilsal:a[lnmrsin;

CuCl QDs (or nanocrystals) embedded in NaCl matrices

~ CuCl flakes TR
—~ (o) 2
cl, | | (Fimo) (~O.38t\m3
gas 5 0 0 06 0 0 O
Melting (~820° C) ) —  _cmiday
/' _ L
Naccll \ Dried NaCl \_/ V
powaer  Quartz ingot _
t?;be | NaCl:Cu* single
crystal
200~300° C
) |
Anneahng . o
500~600° C | o | === O
several hours \o ¥ 500~600° C \2/
Small CuCl QDs Large QDs

(a few nm) (~10nm)



Absorption and luminescence spectra Q
of CuCl QDs in NaCl matrices Osaka University

WAV ELENGTH(nm)
390 380 370
absorption 77K i
luminescence a*=3.7nm =

LUMINESCENCE INTENSITY (a.u.)

32 " EE
PHOTON ENERGY (&V)



Transient absorption spectroscopy Q
under size-selective excitation Osaka University
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due to size distribution.
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Experimental setup (ns system)

power
unit

trigger

timing
circuit

trigger

YAG
laser
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(NaCl prism)
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photo
detector
CdHgTe

Q—>' amp.

. motor
trigger
Ti- storage
sapphire | computer oscillo-
scope
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*Probe light source
Xe flash lamp
*Pulse duration: ~8us
*1~8um (160~1200meV)

Pump light source
Second harmonic of Ti:Sa laser
*Tunability (SH)
350[470nm(2.64[13.54eV)
*Pulse energy : ~1mJ
*Pulse duration: ~15ns
*Excitation power : ~70MW/cm-
sLine width <0.1nm(1meV)



Observation of the infrared transient Q
absorption Osaka University
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Infrared transient absorption: Q
temporal profile Osaka University

5 (< 1ns) 1 Excitation: 3.224 eV
01 s I (a*~6 nm)
Ts (>> 100us) 1 prope: 246 mev
a / . (A=5.03 pum)
2 0.05

E

-0.1 0] 0.1 0.2 0.3
TIME (us)

Fast decay component (Ty):
originates from the confined exciton (1S - 2P)




Transient absorption spectra
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Energy levels of confined excitons Ilsalmllnmrsinq
T. Uozumi, et al., Phys. Rev. B 59, 9826 (1999)
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1S - P-like state transition energy: | Q
comparison with theory Osaka University
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Motivation of the ps experiment ,,,,mmmq

e Insufficient resolution (in energy and time) of the ns
experiment
= ambiguous attribution of the observed transient
absorption

» EXcited-state absorption of confined biexcitons?

* Modification of the confined exciton states induced by
strong IR pulses?



Experimental setup (ps system)

A— Ti:sapphire laser

800 nm, ~2 ps, 1 kHz ﬁ

- regenerative
N amplifier /
OPA OPA
ND filter
=3 chopper
Probe pulse

DFM (3~10 pum)
~0.1uJd/pulse

Idler (2.1~2.9 um) or

Pump pulse
40,(~384 nm
8 uJ/pulse

lock-in

amplifier

MCT mator

monochro-

v

cryostat

4

sample
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CuCl QDs in NaCl
T=70K




Excited-state absorption of confined _ Q
biexcitons ? Osaka University

excited biexciton

IRTA

2 eXCitoN vavunss 1 ..... o
‘ biexciton
excited exciton /\
T IRTA

A A

pump pump

exciton

ground
state




PL spectrum: exhibiting biexciton | Q
luminescence Osaka University

70K _ y  Excitation : Resonant to
laser light (3.227eV) | the confined excitons

i ” (Ex) i with the effective radius
' ~4.2 nm (3.227eV).

i 1 e PL from the biexcitons
(M band) at ~3.18eV.

M 3.18eV
10 3.15 3.20 3.25 3.30 3.35
Photon Energy (eV)

«w PL Intensity (a.u.)



Infrared transient absorption: Q
ps decay profile Osaka University

o probe 4.89um (0.25eV) | Two decay
S osl | components
J e_Xperime”t |« Fast decay

. fit ] T, ~56+ 15ps
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<]

002l i o Slow decay

| _ T, ~490% 290ps
o © ') ° 2E it i
oo j | e v ees — EXciton

0 200 400 600 800
Time (ps)



Infrared transient absorption: Q
excitation power dependence Osaka University

® fast decay ’ » Fast decay
0-1 . @ slow decay o ] superlinear
l - = Biexciton
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Infrared transient absorption spectra: Q
exciton and biexciton components Osaka University

Experiment Theory (exciton)
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Transition energy:
comparison with theory

TRANSITION ENERGY AE (meV)
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Excited-state absorption of the Q
confined biexciton Osaka University

excited biexciton

2 exciton IRTA
excited exciton = trrrteeeeeerreeesssessagages
biexciton
Excited biexcitons:

IRTA one lowest exciton and

exciton _ _
A one excited exciton.

In QDs, excited biexcitons
are stable because the
pump two excitons are confined
together in a QD.

ground
state




Summary Osaka University ;

We have investigated the infrared transient absorption
spectra of CuCl QDs under size-selective excitation.

 Direct observation of the Rydberg 1S-2P transition of
the confined exciton.

* The transition energy depends on the dot size,
In agreement with the theoretical calculation.
= Deviation from the “exciton confinement” regime

 Finding of the excited-state absorption of the confined
biexciton.



Osaka IIIIiHHSil'iQ

ns~ps




