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Exciton{Phonon Scattering in CdSe/ZnSe Quantum Dots �

ZHANG Li-Gong (	��), SHEN De-Zhen (���), FAN Xi-Wu (���), LU Shao-Zhe(��
)
Laboratory of Excited State Process, Changchun Institute of Optics Fine Mechanics and Physics,

Chinese Academy of Sciences, Changchun 130021

(Received 3 October 2001)

A temperature-dependent photoluminescence measurement is performed in CdSe/ZnSe quantum dots with a
ZnCdSe quantum well. We deduce the temperature dependence of the exciton linewidth and peak energy of
the zero-dimensional exciton in the quantum dots and two-dimensional exciton in the CdSe wetting layer. The
experimental data reveal a reduction of homogeneous broadening of the exciton line in the quantum dots in
comparison with that in the two-dimensional wetting layer, which indicates the decrease of exciton and optical
phonon coupling in the CdSe quantum dots.

PACS: 78. 66. Hf, 63. 22.+m

Excitonic e�ects in semiconductor quantum wells
(QWs) and quantum dots (QDs) have been studied
extensively aiming at both fundamental and tech-
nologically important properties.[1�4] For the polar
semiconductor, the asymmetry bond structure and
large gradient of atom potential give rise to a strong
scattering of excitons with phonons, and the interac-
tion of excitons and phonons dominantly controls the
linewidth and energy shift of the excitonic emission
peak in these semiconductor systems.[4�8] QWs and
QDs preserve bulk crystal structure. However, exci-
tonic behaviour in low dimensional structures, such
as QDs, is signi�cantly di�erent from those in bulk
materials due to localization of exciton and quantum
con�nement. It was generally reported that the ex-
citon longitudinal optical (LO) phonon coupling in
QWs shows a drastic reduction with the enhance-
ment of dimensional con�nement.[6�8] Whilst in one-
dimensional GaAs/AlAs quantum wires, exciton{LO
phonon scattering is enhanced by over 35% compared
to a QWs,[9] as resulted from the additional space con-
�nement.

The lifetime of the zero-dimensional excitons
(ZDEs) in the CdSe QDs is signi�cantly enhanced
compared to the ZnCdSe/ZnSe QW due to the three-
dimensional con�nement in real space.[10] On the
other hand, CdSe QDs have a strong electron{hole
exchange interaction.[11] This implies that the scat-
tering of ZDEs and phonons in CdSe QDs can be re-
strained to some extent. For high-quality QDs, an
excitonic device can be expected even at room temper-
ature. However, due to the small exciton Bohr radius
of CdSe (�3 nm), the quantum e�ect cannot evidently
be observed in CdSe QDs. Self-assembled CdSe QDs
on the ZnSe base layer originating from the Stranski{
Krastanow (SK) growth mode can give emissions from
both CdSe QDs and the CdSe wetting layer (similarly
one quasi-QW inserted between the ZnSe base layer
and CdSe QDs).[12] Therefore, we can gain a deep in-
sight into the interaction of phonons and excitons in

QDs by photoluminescence (PL) spectroscopy. In this
Letter, we report on the temperature dependence of
PL spectra of CdSe/ZnSe QDs. The exciton linewidth
increase and peak energy shift are discussed on the ba-
sis of exciton and phonon scattering.

The sample under investigation has been grown on
a GaAs(110) surface by molecular beam epitaxy. QDs
were formed by a three monolayer (ML) CdSe wet-
ting layer (WL) deposited on a 1�m thick ZnSe bu�er
layer. Atomic force microscopy showed that dots in
the sample exhibited a right circle cone with an aver-
age height of 5 nm, a base diameter of about 10 nm and
ten dots per �m2. A 20 nm ZnSe barrier layer, a 7 nm
Zn0:72Cd0:28Se QW and a 50 nm ZnSe cladding layer
were successively capped on the CdSe QDs. The crit-
ical thickness of CdSe active layer for QD formation
is 3ML, where transition from two-dimensional (2D)
to three-dimensional growth mode, i.e. the SK mode,
takes place.[10;12] The GaAs substrate was etched o�
by wet etching. The details of the sample growth and
wet etching process are described elsewhere.[13]

Figure 1 shows the PL spectra of the sample at
60K. The spectra were measured using the third har-
monic of the 1.064�m line of a 10Hz pulse YAG laser
with a power less than 1mW and a pulse duration of
6 ns as an excitation source, and detected by a spex
monochrometer with a photomultiplier tube. The
sample was mounted on a copper pole in a continu-
ous helium ow cryostat, and its temperature adjusted
from 10K to 250K. At 60K, the sample revealed a
broad and intense emission at 2.08 eV with an unre-
solved shoulder at the high-energy side, and two weak
peaks at 2.41 and 2.54 eV. According to Ref. [12], the
broad and intense emission at about 2.08 eV originates
from excitons in the CdSe QDs and the PL emission
with peak at about 2.4 eV is attributed to the excitons
in the CdSe wetting layer. In our previous work,[14;15]

the comparative sharp peak at 2.54 eV is con�rmed
from the ZnCdSe QW. However, we are interested in
the evolution of emission from the CdSe QDs and the
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wetting layer with temperature. Figure 2 shows the
PL spectra of the CdSe QDs and CdSe wetting layer
in the temperature range of 10 � 250K. It is noticed
that, when the temperature increases, the redshift and
broadening of the intense peak can be observed sig-
ni�cantly, and the shoulder located at about 2.15 eV
shifts slightly and becomes obvious. The shoulder
peak is considered to come from a certain localized
state, since it exists up to room temperature. Simulta-
neously the weak peak near 2.4 eV also shows redshift
and expands. It is expected that the enhancement of
interaction of excitons and phonons with temperature
leads to the redshift and broadening of exciton emis-
sion.

Fig. 1. PL spectrum of CdSe WL/CdSe
QDs/ZnSe/ZnCdSe QW at 60K.

Fig. 2. PL spectra corresponding to CdSe QDs and CdSe
wetting layer in CdSe WL/CdSe QDs/ZnSe/ZnCdSe QW
at various temperatures.

We analysed the lineshape of the exciton emission
peaks of the wetting layer and CdSe QDs. It is known

that the line broadening in general is composed of in-
homogeneous and homogeneous terms. The inhomo-
geneous broadening (�inh) is due to the uctuations
of circumstance such as size or composition, which is
independent of temperature. The homogeneous term
(�h) is mainly caused by the exciton and phonon in-
teraction. In general, polar semiconductors undergo
a much stronger Fr�ohlich interaction (interaction of
excitons with LO phonons) than deformation poten-
tial interaction (interaction with acoustic phonons).
The exciton line broadening is predominantly deter-
mined by inhomogeneous broadening at low temper-
ature, which can be obtained from Gaussian function
�tting of PL spectra. The homogeneous term can be
obtained at higher temperatures by �tting the exci-
ton line with a complex Voigt function. Here, in order
to simplify the calculation, we �t the emission peak
with a Gaussian function for all temperatures. To �t
exciton emission in the QDs, the attribution of the
shoulder peak is also included for a satisfactory �t of
the spectra.

Fig. 3. Linewidth of PL peak dependence on tempera-
ture in the range of 10 � 250K. The upper corresponds
to the peak at about 2.10 eV, and the lower to the peak
at about 2.4 eV. The circles and squares show the experi-
mental data, and the lines represent the �tting by Eq. (1).

Figure 3 shows the temperature dependence of the
linewidth (� ) deduced for excitons in the CdSe QDs
and wetting layer from the PL spectra. We can clearly
see that � increases gradually with temperatures up to
70K, but increases rapidly above 70K. The temper-
ature dependence of the linewidth can be expressed
by the Bose{Einstein statistical factor for Fr�ohlich
interaction and a linear term in T for the deforma-
tion potential. It is known that � (T ) at low excita-
tion intensity can be described as the following simple
expression[5]

� (T ) = �inh + �T + �LO [exp (~!LO=kBT )� 1]�1 ;
(1)

where � is the coeÆcient of exciton{acoustic-phonon
scattering. �LO represents the exciton{LO-phonon
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coupling strength; �inh, �LO and � can be deter-
mined experimentally from measurements of temper-
ature dependence of � ; ~!LO is the LO-phonon en-
ergy. Here we use the LO-phonon energy (25.4meV)
of the bulk CdSe to substitute that of the wetting
layer. However, the dot size and strain dependence of
the LO-phonon frequency causes a high-energy shift of
the phonon in the CdSe QDs.[16;17] Atomic force mi-
croscopy showed that dots in the sample have an av-
erage height of 5 nm. Referring to the literature,[16;17]

we estimate ~!LO = 27meV for the CdSe QDs. Com-
paring the data of Fig. 3 with Eq. (1), we obtain the
parameters in Eq. (1). For the QDs, �inh = 52:5meV,
�LO = (76:5 � 3)meV, and � = 0meV/K. For the
wetting layer, �inh = 34meV, �LO = (86:5 � 4)meV,
and � = 0:02meV/K. Because QDs have a distribu-
tion of dot size and a partial alloying with ZnSe at the
interface,[18;19] the energy level separation the between
initial and �nal states of electron transition is di�erent
for individual dots due to the quantum con�nement ef-
fect and strain potential. The contribution of individ-
ual dots causes the large inhomogeneous broadening.
The value of �inh determined here for the CdSe QDs
is 50% more than that of the wetting layer, implying
that the dot size uctuation signi�cantly inuences
the line broadening.

Within the lower temperature range, the tempera-
ture dependence of the linewidth is determined by the
second term of Eq. (1). For QDs, the second term
does not exhibit a distinct dependence on temper-
ature, while for the wetting layer it slightly shows
a temperature dependence. The term presents the
exciton{acoustic-phonon interaction, and � is depen-
dent on the dimensionality of the system and on the
deformation potentials of the conduction and valence
bands. In the present case, the measurement re-
sult within the data error limit hinting at the quasi-
zero-dimensional QDs can diminish the exciton and
acoustic-phonon scattering. The �LO value of the QDs
decreases by more than 10% compared to that for the
wetting layer. In a polar semiconductor, the contri-
bution of the exciton{LO phonon scattering to exci-
ton linewidth is mainly due to the transition from an
initial exciton state (at K � 0) to a free electron{
hole pair state by absorption of the LO-phonon via
the Fr�ohlich interaction. The rate of these transitions
is dominantly determined by the matrix element of
the Fr�ohlich Hamiltonian for exciton{LO phonon in-
teraction and the LO-phonon Bose occupancy factor
at a certain temperature.[20] In the polar system, the
electron is more delocalized than the hole in an ex-
citon, and the charge distribution asymmetry forms
the exciton polarity. The charge inhomogeneity cou-
ples to the polar lattice via the Fr�ohlich interaction.
The con�nement of the size can compress the extent of
the wavefunction of the exciton and can induce an en-
hancement of the exciton binding energy.[6] The com-
pression of exciton will make it less polar, and thus

decrease the coupling of excitons to LO phonons.[21]

The di�erence between �LO in QDs and in the wet-
ting layer is likely to be mainly due to the di�erence
in exciton polarity in quasi-zero and two dimensions.

The phonon coupling of excitons simultaneously
induces the PL emission energy shift of the exciton
line for QDs and the wetting layer with temperature.
At temperatures lower than 60K, the PL peaks hardly
shift. The exciton emission energy decreases almost
linearly with temperature when T is higher than 70K.

In conclusion, we have investigated the tempera-
ture dependence photoluminescence of CdSe QDs and
the wetting layer and found a reduction of exciton{
phonon coupling in the QDs compared with the 2D
wetting layer.
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