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Electron-Phonon Scattering in Graded Quantum Dots
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Theoretical calculations of electron-phonon scattering rates in GafS#\lxAs spherical quantum dots
have been performed by means of effective mass approximation in the frame of finite element method. The in-
fluence of a roughness interface and external magnetic fields are analysed for different scattering rate transition.
Our results open interesting channels for electron dephasing times manipulation.
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I. INTRODUCTION
One of the most common procedures of fabricating semi- V(p)={ 0.6(1.155+0.3%2) R—E<p<R+&
conductor low-dimensional structures is by epitaxial grow- 0.6(L 155 0.37C) p> R = )

ing of compositionally graded alloys as,Ma_xAs. Thus,

structures that confine electrons are made by changing thghere R represents the quantum dot radidsthe interface
aluminumx fraction during crystal growth leading to a COM- ypickness, x is the aluminum concentration (in this work,

positional graded alloy. The resulting band structure varias _ 0.3) andy = x(p+ £ -R)/R, representing the linear mo-

tion produces a spatially varying conduction band minimum, 5 traction in the interface region.
Hence, an electron added to the conduction band through dop- The electron effective mass is describechivy/me =0.067
ing, optical excitation or electrical injection, “sees” a position- ¢ GaAs, m# /me =0.067+0.08§ for the interface region,
dependent potential. By varying the concentration approprim* /me =0.067+0.088 for Al,Ga,_yAs barrier. At low tem-
ately, one can engineer confining potentials that restrict elecﬁeratures, carrier relaxation rates are determined mainly by
tron motion in a particular spatial direction. Intentional grad-;n+-anand transitions, involving acoustic phonon emission.
ing can be used to control the strain in quantum dot struc- 114 electron-phonon scattering rator electron transi-
tures [1], reduce the electron capture times [2] or modify the;, s from an initial 6, m) to a final ¢, nv) state with emission
electron-phonon scattering [3,8]. of acoustic phonon of energyq is calculated by the Fermi

In this work, theoretical calculations of electron-phonongo|den Rule [6]:
scattering rates in GaAs/fba _xAs spherical quantum dots
(SQD’s) have been performed by means of an effective mass 5 7
approximation in the frame of the finite element method _ 4t 3 2 B,
(FEM)[4]. The influence of a symmetry breaking of the wave r= h daM(@)["8(Enm— Exv mi —hva). @)
function on the electron dephasing times due to the electron-
phonon interaction is investigated for various SQD sizes and
grading profiles. It is demonstrated that the electron-acoustit
phonon scattering rates strongly depends upon both SQD sizs
and magnetic field strength. For different allowed transitions,
given by the selection rulgsm= 0 andAm= 1, wheremis the . :
magnetic quantum number of the conduction electron states, M(@) = ImC(a)[(ch+10y)dam-1G1 + 200am-0C2], ()
the scattering rates present opposite magnetic field dependgptere the overlap integrals are
behaviour, which can be tuned by a properly choice of mag-

Here q is the phonon wave vectoy; is the longitudinal
ound speed, anil (q) is the matrix element for electronic
attering accompanied by the emission of a phonon

netic field strength and compositional grading. 7
Gi= pdpdzRy n(P,2)PRum(p,2), @)
. THEORY AND RESULTS and
The Hamiltonian for a single conduction electron in pres- z
ence of magnetic fiel@ = (0,0B), with a vector potentiah Ge=  pdpdzRymw(p:2)ZRum(P,2)- (4)
= (y, x,0)B/2, isH = Ho + Hg +V, whereHp includes the
kinetic energy. The terrig is given by-eBmh2mx +e°B? In the above equatiofsm= m— —m'. C(q) is the coupling

(%% +y?)/8mx, with m =0, +1, +2..., andm* is the electron  constant for piezoelectric (PE) and deformation potential (DP)
effective mass. The confinement graded potentifd] is de- ~ mechanisms [7], anB, , are the orbital wave functions, de-
scribed by the following equations (&V units): pending uporp (p? = x?+y?) andz, and calculated by FEM.
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FIG 2: Electron-acoustic phonon scattering rates as a function of

interface thickness fdR = 120A andAm= 0 (solid line) andAm= 1
FIG. 1: Electron-acoustic phonon scattering rates as a function Odashed line): (a) DP coupling and (b) PE coupling.

SQD radius folkm = 0 (solid line) andAm = 1 (dashed line): (a) DP
coupling and (b) PE coupling.
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Figures 1(a) and 1(b) show the electron-acoustic phonon | o — 1
scattering rate®V as a function of the quantum dot radiRs 40 F P
for DP and PE mechanisms, respectively. In both situations
we consideB = 0 T. The data in Figs. 1(a) and (b) are for
transitions from the first excited state € 1, m = 1) to the
ground stater{= 0, m=0) Am = 1 (dashed line) and for the
transition =1, m=0) to =0, m=0)Am= 0 (solid line),
according to the selection rules given in Eq. (2). In analysing : : . .
the data in Fig. 1, some interesting aspects can be observed: 0 E 6 o 12 E
as the quantum dot radil&increase the ratd/ decreases for
both DP and PE mechanisms. This behaviour is due to the
decreasing of electron confinement in the SQD that reduces

W (10°5s"

the value of the overlap integrals and consequently decreases . _‘” A,; Y ' R-1204 oy
the magnitude of the scattering ratd/s m [ e am =1
In Fig. 2 (a) and 2 (b) is shown the interface thicknegs ( sa .

influence on the transition rates, fim = 1 (dashed line) and
Am = 0 (solid line) transitions foB = 0 T. We have chosen
SQDs ofR = 120 A and & varying from 0- 24A. We can re-
alize that for both DP and PE mechanisms, when the inter-
face thickness is increased the electron “feels” a strong spatial N .

45 -

W (10" s™)

confinement leading to a “blue shift” that lift the value of the 0 - - 3 o ™
overlap integrals, increasing the scattering rtes Magnetic Field (T)

When is analysed the influence of an external magnetic field

upon the SQD, we can see from Fig. 3 that the scattering ratq_ﬁ
. - G. 3: Electron-acoustic phonon scattering rates as a function of the
present a small dependency fism = O, since electronic lev- magnetic field forR = 120,5 £=18A, Am go (solid line) andam

els with Am = 0 are weakly perturbed by the applied mag-_ | (dashed line): (a) DP coupling and (b) PE coupling.
netic field. In opposite, the behaviour Afn = 1 transition
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is strongly modified by external magnetic field, this is due toAlxGa_xAs/GaAs SQDs have been investigated in the frame
the extra electron confinement, it is clear that the combinatiof FEM. It was found that a roughness interface can strongly
of magnetic and spatial confinements will determine the valuenodify the rates for both DP and EP mechanism. Further the
of the overlap. In general, when the spatial confinement isnagnetic field and SQD radius play an important rule for a
strong, the magnetic field produces an additional spatial corgivenAm= 0, 1 transitions. Indeed, our findings open up new
finement of the electronic wave functions which is more sensiinsights for a more precise tuning and control of the carrier de-
ble forAm = 1 transition. This behaviour, it is clearly showed phasing time in semiconductor quantum dots with an impact
in Figs. 3 (a) and (b) for both DP and PE mechanisms for @n device designs.

SQD ofR=120A, ¢ = 18A. Solid line and dashed line rep-

resenting respectively thlsm = 0 andAm = 1 transitions.
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