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Optical Properties of Ellipsoidal CdSe Quantum Dots
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The energy spectrum and optical absorption of confined carriers in ellipsoidal CdSe quantum dots are calcu-
lated. Our model relies on the effective mass approximation and Fermi’s golden rule for the electronic structure
and optical properties, respectively. We demonstrate that the electronic structure and the interband optical ab-
sorption are highly dependent on the ellipsoid aspect ratio.
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I. INTRODUCTION Even though the use of a position dependent kinetic enert
operator makes no sense in a hard wall confinement syste

Shape control of CdSe nanocrystals is favoring the develoghis formalism is general enough to be extended to finite ba
ment of polarized single-photon sources [1,2], and enlargin%Iers systems. Many-body and thermal fluctuations effects
their advantages for biological detection and imaging [3,4]Ihe occupation number were not considered, as well as t
In particular, controlled utilization of semiconductor quantumrole of phonons in the calculation of the intraband absorptio
dots (QDs) asks for a better understanding of their electroni€0efficient. The optical properties calculations were based ¢
levels, which in turn are rather sensitive to the actual geothe Fermi's Golden Rule. The values for the CdSe paramete
metrical (QD shape, vertical and lateral sizes) and composivere taken from the literature.
tional (interdiffusion profile, stress field) parameters defining
the carriers confinement conditions. In fact, even though the
existence of quantum confinement effects on the optical re- Ill. OPTICAL PROPERTIES
sponse of QDs is nowadays well established, the fine structure
of their emission and absorption spectra is still not completely |t js interesting to see the role of the symmetry change o
settled [5-9]. the energy spectrum and degeneracy scheme of CdSe Q

Recently, Cantele et al. [8,9] have investigated the opticafor the spherical shape (a = 5 nm), there are several deg
anisotropy of ellipsoidal quantum dots as a function of the dokracies which resembles the atomic orbitals. Following th
aspect ratio. They have obtained that the optical processes sigiotation of atomic physics, the first twenty states for electror
nificantly depend on the radiation polarization in contrast tojn spherical CdSe QDs are presented in Fig. 1. They are |
non-polarized processes observed for spherical quantum dotseled as 1s, 2p, 3d, 2s, 4f, and 3p, where the orbitals s, p, d 3
The dot anisotropy was shown to play a fundamental role i present 1, 3, 5 and 7 degenerated states, respectively. In
determining the dot properties. However, they do not havgase of elliptic CdSe QDs (a = 50 nm), the degeneracy scher
focused on effects due to h|gh excited transitions in the interi's broken ||ft|ng practica"y all degeneracies in the range o
band absorption. states presented here. Due to the larger volume, these stz

The proposal of the present work is to perform an investigagre restricted to a much smaller energy range in comparis
tion of the electronic states and optical response of ellipsoidab the spherical quantum dot. The effect of an increase of tt
CdSe QDs. The optical absorption CdSe QDs is shown to bgllipsoid aspect rati@ is the redshift of the electron energy
highly dependent on the ellipsoid aspect ratio. An increasgevels, which is also a result valid for holes. This is shown ir
in the ellipsoidal character of the CdSe QDs can redshift thesig. 1 for =1 andp=10. One may think that this redshift is
recombination energy by several tenths of meV. caused by the volume increase. However, for elipsoidal defc

mations keeping the volume constant (abc=125ra red-

shift of some of the energy levels is also observed. The higl
[l. MODELING THE ELLIPSOIDAL CDSE QDS est excited states are much more influenced by an incree

of B than the lowest ones, what indicates that one can not |

The ellipsoidal CdSe QD has c=b and a axes along the zgstricted to the calculation of the optical properties of ellip
y and x directions, respectively, with the ellipsoid aspect ra-soidal QDs considering only the ground and first few excite
tio given byB=a/c. QDs with changing volumes are consid- states contribution.
ered, and Sclidinger-like equations with position dependent The change of confinement symmetry is expected to mo
kinetic energy operator were solved numerically, considerify the selection rules of the optical properties. Theses resul
ing V(r)=0 () inside (outside) the ellipsoidal QD. This as- are depicted in Fig. 2, which exhibits the interband absory
sumption is justified by the fact that the QDs investigated intion coefficient of spherical (a=5 nm) and elliptic (a = 50 nm)
this work are produced through chemical reactions in liquidCdSe QDs. In the case of spherical shape, the main transitic
environments yelding the formation of capping layer cover-are identified as 1s1s, 2p—2p, 3d—3d, 2s—2s, 4f~4f and
ing QDs which prevents chemical reactions with the solution3p—3p, where the initial and final states are in the valence ar
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FIG. 1: Electron energy levels of ellipsoidal CdSe QDs as a functio
of the state index for a changing volume wghl (squares) an@g=10
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conduction bands, respectively. Due to the spherical symm
try, these are the only possible transitions. The relative pe:
intensities are explained by the number of degenerated sta
for each allowed transition.

The absorption coefficient of the elliptic CdSe QDs
presents a totally different interband absorption, with sever
structures. This is a consequence of the new set of transiti
rules imposed by the change of confinement symmetry. In o
der to confirm that, the oscillator strength is depicted in th
inset graph for both confinement shapes. For simplicity, trar
sitions whose oscillator strengths are too weak to be seen
the absorption spectra are not shown. The discrete nature
the transitions in the spherical quantum dot is very clear, whil
the elliptic dot exhibits a range of energy for which there is :
continuum of allowed transitions. The absence of structure

An the interband absorption (several absorption peaks) at hil

energies for each shape is due to the limitation on the numkt

(down triangles). The energy states of spherical QDs are labele@f calculated states.

using atomic notation.
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FIG. 2: Interband absorption of spherical (a=5 nnBetl) and el-
lipsoidal (a=50 nm of=10) CdSe QDs. In the inset, the oscilator

IV. CONCLUSIONS

The shape control of QDs is important for a fine tuning o
their optical properties emission, which has important appl
cations in the field of biological markers [3,4]. In this work,
we describe the role of the deviation from the spherical shay
on the energy levels and interband absorption properties
CdSe QDs. Work is on progress to calculate the effects of t
ellipsoidal character on the luminescent properties, includir
the role of light polarization.
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