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Abstract – Noise influences the functioning of nanomaterials and optoelectronic materials to a significant extent. We
investigate the excitation kinetics of a repulsive impurity doped quantum dot initiated by the application of external
white noise with special reference to noise shape. We have exploited white noise of Gaussian and Lorentzian shapes.
The said shapes in effect alter the range of spatial correlation of the white noise. We have considered both additive and
multiplicative noise (in Stratonovich sense). In conjunction with the shape, the noise strength and the dopant location
also fabricate the kinetics in a delicate way. Moreover, the influences of additive and multiplicative nature of the noise
on the excitation kinetics have been observed to be prominently different. Interestingly as well as surprisingly enough,
in case of additive noise, the noise strength does not affect the kinetics. The investigation reveals that the Lorentzian
shape invites more diversities in the excitation kinetics when noise strength and dopant location are varied over a range
than the Gaussian one. The Lorentzian shape causes a surge in the excitation rate over the other shape. The present
investigation provides some useful perceptions of the functioning of mesoscopic devices where noise plays some
profound role. Implications and influences: The present work assumes to have significance in engineering and techno-
logical applications of quantum dot nanodevices. Since in most of the devices noise plays some important role, the
present study could also sincerely motivate further research on optical properties of those devices in presence of noise.
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List of nomenclature defining the mathematical
symbols/variables

Symbols Nomenclature
V(x, y) Harmonic confinement potential
B Magnetic field
x0 Harmonic confinement frequency
xc Cyclotron frequency (a measure of magnetic

confinement offered by B)
m* Effective electronic mass within the lattice of the

material
A Vector potential
V0 Measure of the strength of impurity potential
c0
�1 Spatial stretch of the impurity potential

r0 Dopant location
f Noise strength
(x0, y0) Dopant coordinate
w(x, y) Trial wave function
/n (ax), /m (by) Harmonic oscillator eigenfunctions

n(t) The noise
P0(t) Ground state population
Pk(t) The population of kth state of H0 at time t
ak(t) Time-dependent superposition coefficient for the

kth eigenstate

1. Introduction

Over the last couple of decades we envisage a notable surge
in theoretical and experimental researches on impurity states of
low-dimensional heterostructures. Quantum dots (QD), beyond
any doubt, emerge as one of the most promising mesoscopic
systems out of those heterostructures. The process of miniatur-
ization of semiconductor devices ends with QD thereby uplift-
ing its importance. Furthermore, the typical properties of doped
QDs have initiated extensive scientific study and technological
applications. In doped QDs, the confinement sources undergo
sensitive interplay with impurity potentials making it a prolific
field of research [1]. Under the confinement, the dopant location
can tailor the electronic and optical properties of the system.
This resulted to a wealth of important investigations on*e-mail: pcmg77@rediffmail.com
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impurity states [2–11, 13–15] in general, and also on their opto-
electronic properties, in particular, for a wide variety of semi-
conductor devices [16–31]. The research trend sheds light on
new device physics mingled with profound technological
impact. The research trend also extends to exploring the dynam-
ical aspects of doped QD [32, 33] giving ample importance to
internal transitions between impurity induced states [34, 35]. As
a result, one of the promising dynamical aspects comes out to
be excitation of strongly confined electron because of its impor-
tance in opto-electronic devices and as lasers. Looking at the
potential technological applications such excitation further
involves optical encoding, multiplexing, photovoltaic and light
emitting devices. The phenomenon also marks its signature on
the population transfer among the exciton states in QD [33, 36].

It is quite well-known that noise in mesoscopic systems
influences the functioning of the device to a great extent. As
the size of the electronic system reaches the nanometer scale
the role of noise becomes more and more conspicuous [37].
In practical situations, noise emerges as one of the principal
deterrent in the manufacture of semiconductor heterostructure
devices for diverse applications and more often than not it also
restricts the level of device performance [38]. Pioro-Ladriêre
et al. have also illustrated the importance of noise in self-assem-
bled InAs QDs embedded in GaAs [39]. The noise can result
externally, or it may be intrinsic. Intrinsic noises are generally
the outcome of changes in impurity configurations [40]. Inter-
estingly, low frequency noise appears as one of the prime
requirements in QD heterostructures because of its potential
use in a wide range of optoelectronic devices. The notable
applications include industrial manufacturing, medicine, remote
sensing, space communications, and military uses [41], to men-
tion a few. Such noise measurements are also becoming useful
as a pretty innocuous method for the determination of structural
disorders entered during production or operation of the devices
[42, 43]. The extent of stress suffered by QD during its growth
produces lattice defects which diffuse through the QD structure.
The said low-frequency noise also provides a diagnostic tool for
defect related properties of materials and structures [44].
Chabola and Ibrahim have extensively studied the role of low-
frequency noise in non-homogeneously doped semiconductors
[42]. Of late we have made some investigations on excitation
kinetics of doped QD induced by noise [45].

In the present manuscript we have emphasized on investi-
gating the role of noise shape on excitation kinetics of doped
QD. In view of this we have exploited white noises of Gaussian
and Lorentzian shapes. The aforesaid shapes simply alter the
range of spatial correlation of the white noise. A Gaussian
noise has short-range correlation whereas the Lorentzian noise
bears relatively long-range spatial correlation. The present
manuscript principally focuses on how such a change in the
spatial correlation of noise affects the excitation kinetics.
Realizing the need of a comprehensive study in this regard
we have considered both additive and multiplicative noises
(in Stratonovich sense). We consider external noise which is
meaningful in a variety of physical situations important for
functioning of mesoscopic devices. External noise comes into
play when the QD system experiences fluctuations which
are not self-originating. These fluctuations can be due to a

fluctuating environment or can be the result of an externally
applied random force [46]. The external noise can also be
regarded as an external field which drives the system. More-
over, in an external noise situation the noise parameters can
be controlled externally.

In the present context the importance of dopant location in
fabricating dot properties are needless to mention [1, 5, 19, 23,
25]. The distance dependency of dopant illuminates promising
opportunities to design QD electron dynamics in doped hetero-
structures. Indeed, there are some important works on off-center
impurities exploiting an accurate numerical method (PMM,
potential morphing method) [23, 25]. We have therefore deter-
mined the time-average excitation rate (hRexi) as functions of
dopant location (r0) and noise strength (f) for both the noise
shapes. The investigation highlights the truly complex nature
of interplay between the noise strength, dopant location, the
additive and multiplicative character of the noise, and most
importantly, the noise shape that sensitively modulates the exci-
tation kinetics.

2. method

The model considers an electron subject to a harmonic
confinement potential V ðx; yÞ and a perpendicular magnetic
field B. The confinement potential assumes the form
V ðx; yÞ ¼ 1

2
m�x2

0ðx2 þ y2Þ, where x0 is the harmonic confine-
ment frequency. Under the effective mass approximation, the
stationary states of an electron in such a system is given by
the eigenstates of the Hamiltonian:

H
0

0 ¼
1

2m�
�i�hrþ e

c
A

h i2

þ 1

2
m�x2

0ðx2 þ y2Þ ð1Þ

m* is the effective electronic mass within the lattice of the
material to be used. We have taken m* = 0.5 m0 and set
�h = e = m0 = a0 = 1. This value of m* closely resembles
Ge quantum dots (m* = 0.55 a.u.). We have used Landau
gauge [A = (By, 0, 0)] where A stands for the vector potential.
The above Hamiltonian thus turns out to be

H
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xc ¼ eB
m�c being the cyclotron frequency (a measure of

magnetic confinement offered by B). The value of magnetic
field in atomic unit corresponds to a field strength of miliTesla
(mT) order. Define X2 ¼ x2

0 þ x2
c as the effective frequency

in the y-direction. The model Hamiltonian (cf. Eq. (1)) sensi-
bly represents a 2-d quantum dot with a single carrier electron
[47, 48]. The form of the confinement potential conforms to
kind of lateral electrostatic confinement (parabolic) of the
electrons in the x-y plane [2, 13, 20, 27, 49].

In the present problem we have considered that the QD is
doped with a repulsive Gaussian impurity [50, 51]. Introducing
the impurity potential to the Hamiltonian (cf. Eq. (2)) it trans-
forms to:

H 0ðx; y;xc;x0Þ ¼ H
0

0ðx; y;xc;x0Þ þ V impðx0; y0Þ; ð3Þ
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where V impðx0; y0Þ ¼ V impð0Þ ¼ V 0e�c0 ðx�x0Þ2þðy�y0Þ2½ � with
c0 > 0 and V 0 > 0 for repulsive impurity, and ðx0; y0Þ
denotes the coordinate of the impurity center. V 0 is a measure
of the strength of impurity potential whereas c�1

0 determines
the spatial stretch of the impurity potential. The presence of
repulsive scatterer simulates dopant with excess electrons.
The use of such Gaussian impurity potential is quite
well-known [53–55]. Sánchez et al. [56] introduced a new
confinement potential for the spherical QD’s called Modified
Gaussian Potential (MGP) and showed that this potential can
predict the spectral energy and wave functions of a spherical
quantum dot.

Thus, the problem reduces to modeling the energy eigen-
values and eigenvectors of the two dimensional Hamiltonian H 0:

H 0wn x; yð Þ ¼ Enwn x; yð Þ: ð4Þ

Equation (2) reduces to the energy eigenvalue equation of a two
dimensional harmonic oscillator as xc ði:e:; BÞ ! 0 and
V 0 ! 0. It would be natural therefore to seek diagonalization
of H 0 in the direct product basis of harmonic oscillator eigen-
functions. Thus, the time-independent Schrödinger equation
has been solved using variational method expressing the trial
wave function wðx; yÞ as a superposition of the product of har-
monic oscillator eigenfunctions /nðaxÞ and /mðbyÞ respec-
tively, as

w x; yð Þ ¼
X
n;m

Cn;m/n axð Þ/m byð Þ; ð5Þ

where Cn;m are the variational parameters and a ¼
ffiffiffiffiffiffiffiffi
m�x0

�h

q
and

b ¼
ffiffiffiffiffiffi
m�X

�h

q
. The general expression for the matrix elements of

H
0

0 in the chosen basis are as follows:
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ð6Þ

In the linear variational calculation, an appreciably large num-
ber of basis functions have been exploited after making the
required convergence test.

With the application of external noise the time-dependent
Hamiltonian reads

H tð Þ ¼ H 0 þ V tð Þ: ð7Þ

The noise consists of random term hnðtÞi assumed to be follow-
ing Gaussian and Lorentzian distributions and characterized by
the equations:

hnðtÞi ¼ 0; ð8Þ
the zero mean value condition, and

hnðtÞnðt0 Þi ¼ 2fdðt � t
0 Þ; ð9Þ

the two-time correlation condition with a negligible correla-
tion time, f being the noise strength. The highly fluctuating

term nðtÞ is called white noise because of a flat spectrum in
frequency space, like that of white light. The noise strength
f becomes simply a measure of intensity of fluctuation. We
have invoked Box-Muller algorithm to generate nðtÞ. An
additive noise term is a random term that does not depend
on coordinates of system so that V ðtÞ ¼ nðtÞ. Multiplicative
noise depends on the instantaneous value of the variables of
the system, or more specifically on the state of the system.
It does not scale with system size and is not necessarily small
[46]. We thus incorporate the multiplicative noise by coupling
the noise term with the system coordinates making
V ðtÞ ¼ nðtÞðxþ yÞ in Stratonovich sense [57]. The matrix
element of H0 due to V ðtÞ looks like
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P
nm

P
n0m0

C�nm;pCn0m0 ;qdn;n0dm;m0 ;

ð10Þ

for additive noise, and

V noise
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¼
P
nm

P
n0m0

C�nm;pCn0m0 ;qh/nðaxÞ/mðbyÞ

jV 2ðtÞj/n0 ðaxÞ/m0 ðbyÞi
¼ nðtÞ
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ð11Þ

for multiplicative noise.
The time-dependent Schrödinger equation (TDSE) contain-

ing the evolving wave function has now been solved numeri-
cally by 6th order Runge-Kutta-Fehlberg method. In the
numerical solution appropriate initial conditions have been used
and numerical stability has been checked. We define the quan-
tity P kðtÞ ¼ jakðtÞj2 to indicate the population of kth state of
H 0 at time t where akðtÞ is the time-dependent superposition
coefficient for the kth eigenstate of the unperturbed
Hamiltonian. Actually P kðtÞ is the probability of observing
the electron in the kth eigenstate and is therefore given by mod-
ulus square of the time-dependent superposition coefficients.
We observe a continuous variation in the ground state popula-
tion [P 0ðtÞ] during the time evolution. Naturally the quantity
QðtÞ ¼ 1� P 0ðtÞ serves as a measure of excitation. In conse-
quence, the quantity RexðtÞ ¼ dQ

dt serves as the time-dependent
rate of excitation from which the time-average rate of excitation
½hRexi ¼ 1

T

R T
0

RexðtÞdt� can be calculated where T is the total
time of dynamic evolution [45].

3. Results and discussion

3.1. Analysis of additive noise

In order to analyze the exclusive role played by the dopant
location on excitation kinetics, we have plotted hRexi as a
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function of dopant location (r0) for fixed value of noise strength
(f ¼ 1:0� 10�6 a.u.) for both Gaussian and Lorentzian white
noises (Figure 1). Qualitatively, both the plots exhibit similar
kinetics consisting of a maxima at some typical dopant location
and saturation at far off-center positions. The maximization
takes place at r0 � 14:0 a.u. and r0 � 17:0 a.u. for Gaussian
and Lorentzian noises, respectively. It needs to be realized that
the role of dopant coordinate on excitation rate is not at all
straightforward, rather it is quite delicate. An increase in r0

takes the dopant away from the confines of dot potential favor-
ing excitation. However, the said shift also reduces dot-impurity
repulsive interaction thereby suppressing excitation. Thus, a
progressive shift of dopant to more and more off-center posi-
tions invites two opposite factors come into play that can affect
excitation rate. It is the changeover of relative dominance of
one of the contrasting factors over the other that causes maxi-
mization in the kinetics at some typical dopant locations. The
occurrence of saturation in kinetics at far off-center locations
indicates sort of compromise between the diverse factors that
affect excitation. The change in noise shape from Gaussian to
Lorentzian simply shifts the maxima to some more off-center
location. This in turn implies that the long-range correlation
associated with the Lorentzian noise promotes excitation to a
maximum when the dot-impurity separation is larger than in
case of Gaussian noise. From Figure 1 it also comes out that
the Lorentzian noise causes an overall increase in the excitation
rate over that of Gaussian counterpart throughout the entire
range of dopant incorporation. The observations suggest that
Lorentzian noise causes greater perturbation to the system over
the other one. It remains interesting to enquire whether the same
conclusion can be drawn in case of multiplicative noise.

Surprisingly enough, in the present case we do not envisage
any influence of noise strength (f) on the excitation kinetics.
The reluctance of noise strength to influence the excitation is
interesting and presumably originates from its very ‘‘additive’’
nature. It seems that, since the additive noise remains uncoupled
to the system coordinates and simply adds on to the Hamilto-
nian, it perturbs all the eigenstates to equal extents. Thus, the

relative separations between all the eigenstates remain unaltered
making the excitation kinetics reticent to the noise strength.
This observation further necessitates investigation of the role
of multiplicative noise in the present context.

3.2. Analysis of multiplicative noise

Insofar as excitation is concerned, coupling the noise term
to the system coordinate is expected to bring about more subtle
interplay between the dot confinement and the noise strength.
Already, in the context of Figure 1, we have discussed how
different factors inherently affect the excitation kinetics in con-
trasting ways as the dopant is shifted to more and more off-
center locations. However, in addition to the dopant location,
now we have to take into account the contribution from f also.
It is expected that by virtue of its intrinsic characteristic the
noise is likely to promote excitation. In what follows, we
discuss the modulation of excitation kinetics by multiplicative
Gaussian and Lorentzian noise with special reference to dopant
location and noise strength.

3.2.1. Role of dopant location (r0 )

(I) Gaussian noise

Figure 2a delineates hRexi as a function of dopant location
for different values of f. From Figure 2a we notice that at low
noise strength (f ¼ 1:0� 10�7 a.u.), the excitation rate passes
through a maxima at r0 � 14:0 a.u. (nearly at the same dopant
location where we have observed maximization in case of addi-
tive noise, Figure 1). However, no such maximization is
observed using multiplicative noise of medium (f ¼ 1:0�
10�5 a.u.) and high (f ¼ 1:0� 10�4 a.u.) strength. It is also
evident from the figure that for all noise strengths the excitation
rate attains steady value at far off-center dopant locations. A
multiplicative noise of extremely low strength perturbs the sys-
tem feebly and hardly leaves its signature on excitation kinetics.
Thus, the excitation kinetics effectively depends on the dopant
location and exhibits similar pattern as that of additive noise.
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Figure 1. Plot of hRexi vs. r0 for additive white noise of fixed
strength f = 1.0 · 10�6 a.u.: (i) Gaussian and (ii) Lorentzian.
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Figure 2a. Plot of hRexi vs. r0 for Gaussian multiplicative white
noise for different noise strengths (f): (i) f = 1.0 · 10�7 a.u.,
(ii) f = 1.0 · 10�5 a.u., and (iii) f = 1.0 · 10�4 a.u.
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As the noise strength assumes some intermediate value
(f ¼ 1:0� 10�5 a.u.), the rate profile after some small initial
rise exhibits a steady behavior within the range
15.7 a.u. �r0 � 55.5 a.u.. Beyond r0 � 55:5 a.u. the excita-
tion rate jumps abruptly to a high value and permanently settles
to steady value beyond r0 � 63:1 a.u. Such rate profile reveals
the nuances of combined influence of several factors that affect
excitation. The initial small rise in hRexi at near off-center loca-
tions (r0 � 15:7 a.u.) indicates mild win of noise and dot-impu-
rity repulsive terms over that of strong confinement potential.
After that there is a sustained balance between the diverse fac-
tors that affect excitation over a quite extended range of dopant
location (15.7 a.u. � r0 � 55.5 a.u.). At r0 ¼ 55:5 a.u., the
confinement becomes quite weak and factors that promote exci-
tation (noise + repulsive interaction) suddenly become promi-
nent leading to an abrupt rise in excitation rate. Beyond
r0 � 63:1 a.u., because of large dot-impurity separation, their
mutual repulsive interaction gets considerably diminished and
we land up at a permanent balanced condition of those factors
revealed through a saturation in excitation kinetics. With a high
value of noise strength (f ¼ 1:0� 10�4 a.u.) the rate profile
manifests kind of resemblance with that of medium noise
strength counterpart. However, the variation in the rate with
dopant location appears much less sharp. The initial rise of
hRexi occurs over an extended region (0.0 a.u. �
r0 � 35.0 a.u.) in an indolent manner, the former extended
zone of constant excitation rate becomes nearly absent and
the rate begins to rise as r0 � 35:0 a.u. From the figure it is also
quite discernible that the rise in excitation rate within
35.0 a.u. � r0 � 56.6 a.u. becomes much less abrupt in com-
parison with the medium noise strength counterpart. The regime
of persistent saturation in excitation kinetics begins from
r0 ¼ 56:6 a.u. Thus, an increase in noise strength from medium
to high value does not much alter the intrinsic nature of inter-
play between itself, the dot confinement potential and the dot-
dopant repulsive interaction (the last two factors undergo
change with a variation in dopant location) toward fabricating
the excitation kinetics. The said increase seems to disseminate
the complex interplay over a spatially more spread out domain
making the overall variation of the excitation rate rather slug-
gish with change in dopant coordinate.

(II) Lorentzian noise

A change in noise shape has been found to bring about new
characteristics in the excitation kinetics. Figure 2b delineates
hRexi as a function of dopant location for different values of
f. The figure shows that at low noise strength
(f ¼ 1:0� 10�7 a.u.) hRexi passes through a minima at
r0 � 19:0 a.u. A distinct maxima in hRexi, however, has been
observed with moderate noise strength (f ¼ 5:0� 10�7 a.u.).
A large value of noise strength (f ¼ 2:25� 10�6 a.u.) causes
successive maximization and minimization in excitation kinet-
ics at r0 � 27:0 a.u. and r0 � 42:0 a.u., respectively. The kinet-
ics exhibits saturation for far off-center dopants with all values
of noise strength reflecting kind of negotiation between diverse
factors that influence it. In the weak noise limit, the noise plays
the second fiddle and the kinetics is mainly guided by relative
strengths of dot confinement and dot-impurity repulsive interac-
tion. In this limit the initial drop in hRexi to a minimum with

increase in r0 could be attributed to decreasing dot-impurity
overlap. As soon as r0 � 19:0 a.u. (the place of minimum exci-
tation rate), the dot-impurity separation makes the dot confine-
ment substantially quenched. Taking advantage of it, the
combined effect of dot-impurity repulsive interaction and noise
promotes excitation until there is saturation. A noise of moder-
ate strength changes the scenario completely displaying maxi-
mization in kinetics. In this case, in alliance with noise, the
dot-impurity repulsive interaction outshine the dot confinement
resulting in said maximization. A large value of noise strength
seems to cause changeover in the relative strengths of the fac-
tors that promote and impede excitation in succession. This is
revealed through emergence of consecutive maximization and
minimization in the excitation rate. We thus notice that a change
in the shape of noise from Gaussian to Lorentzian makes the
excitation rate more delicately dependent on dopant location.
Whereas in case of Gaussian noise the r0-dependence of kinet-
ics remains more or less similar at moderate and high noise
strengths, with Lorentzian noise the said dependence exhibits
noticeable diversities as noise strength is increased from a rather
low to a high value.

3.2.2. Role of noise strength (f)

(I) Gaussian noise

Figure 2c demonstrates the variation of hRexi with f at on-
center (r0 ¼ 0:0 a.u.) and two off-center (r0 ¼ 28:28 a.u. and
70:71 a.u.) dopant locations. Such a demonstration focuses
mainly on the role played by the noise strength in shaping
the excitation kinetics. Figure 2c evinces that, more or less at
all dopant locations, hRexi passes through a maximum for some
typical values of noise strength depending upon the dopant
location. Moreover, the kinetics terminates to some saturation
at high values of noise strength. The appearance of maxima
can as usually be conceived on the basis of changeover of rel-
ative dominance of parameters having contrasting influences on
excitation kinetics. The changeover is actually associated with
the variation of noise strength. It is also interesting to note from
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Figure 2b. Plot of hRexi vs. r0 for Lorentzian multiplicative white
noise for different noise strengths (f): (i) f = 1.0 · 10�7 a.u.,
(ii) f = 5.0 · 10�7 a.u., and (iii) f = 2.25 · 10�6 a.u.
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the figure that as the dopant is shifted from on to more and
more off-center locations the emergence of maxima occurs at
lower f values viz. at f ¼ 4:87� 10�5 a.u. for r0 ¼ 0:0 a.u.,
f ¼ 2:65� 10�5 a.u. for r0 ¼ 28:28 a.u., and f ¼ 1:17
· 10�5 a.u. for r0 ¼ 70:70 a.u. It seems that, since such a shift
of the dopant takes it away from dot confinement center, the
noise becomes progressively more prompt in bringing about
the changeover of parameters that affect excitation kinetics.
The emergence of maxima thus occurs at more and more low
values of noise strength.

(II) Lorentzian noise

Finally we discuss the role of noise strength on excitation
kinetics as the noise assumes a Lorentzian shape. Figure 2d
delineates the variation of hRexi with f at on-center
(r0 ¼ 0:0 a.u.) and two off-center (r0 ¼ 28:28 a.u. and
70:71 a.u.) dopant locations. The change in noise shape

manifestly affects the rate profile. Here also, as in case of
Gaussian noise, the profile of excitation kinetics appears quite
similar at all dopant locations. However, the very pattern of rate
profile is drastically affected. Unlike previous case, here we do
not envisage any well-defined maximization in the kinetics at
some typical noise strengths. Now, within low and moderate
f regimes (f � 1:2� 10�6 a.u.), the kinetics appears highly
irregular comprising of lots of ups and downs indicating exci-
tation and deexcitation in tandem. Thus, the change in noise
shape from Gaussian to Lorentzian makes the kinetics haphaz-
ard when the noise strength is not very large. This simply
means that, from a more fundamental perspective, the said
change in shape in effect increases the frequency of changeover
of the relative dominance of several factors that control the
kinetics in disparate ways. It is the high f domain where we
again observe saturation in the kinetics as in the previous case.
The change in shape also marks its signature on the magnitudes
of excitation rates. In fact, hRexi increases by an order of mag-
nitude for Lorentzian noise (Figure 2d) over that of Gaussian
one (Figure 2c).

From an experimental perspective there exist a variety of
physical situations in which external noise can be realized
and assumes interest. In these situations the system is endowed
with fluctuations which are not self-originating. These fluctua-
tions can be due to a fluctuating environment or can be the out-
come of an externally applied random force. Thus, the external
noise can be viewed as an external field which drives the sys-
tem [46]. Specifically, it may be an external light with fluctuat-
ing amplitude giving rise to noise with special characteristics of
Gaussian noise. In practice, external noise can be generated by
using a function generator (Hewlett-Packard 33120A) and its
essential characteristics, Gaussian distribution and zero mean
can be accomplished [56]. The external noise could be intro-
duced multiplicatively using a circuit that drives the nonlinear
element by using the voltage from an external source [57].

4. Conclusions

The excitation kinetics of impurity doped quantum dots
insisted by Gaussian white noise reveals interesting dependence
on noise shape. Actually, the change in shape causes a change
in the extent of spatial correlation of noise which affects the
kinetics. In addition to this, the interplay between the noise
strength and the dopant location delicately modulates the kinet-
ics. In case of additive noise the Lorentzian shape causes an
overall hike in the kinetics over that of Gaussian shape. More-
over, the Lorentzian noise delays the onset of maximization of
excitation rate by relegating it to more off-center location. How-
ever, in case of additive noise we have found the noise strength
remaining indifferent toward the excitation rate. The interplay
between dopant location and noise strength becomes more sub-
tle in case of multiplicative noise. The subtlety becomes even
more pronounced by applying Lorentzian noise instead of a
Gaussian one. This is revealed through a more diverse depen-
dence of kinetics on dopant location in case of Lorentzian noise
than in the other. The effect of noise shape is further illustrated
on examining the kinetics as a function of noise strength. Now
the Lorentzian noise induces irregularities in kinetics, specially
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Figure 2c. Plot of hRexi vs. f for Gaussian multiplicative white
noise for different dopant locations (r0): (i) r0 = 0.0 a.u., (ii)
r0 = 28.28 a.u., and (iii) r0 = 70.71 a.u.
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Figure 2d. Plot of hRexi vs. f for Lorentzian multiplicative
white noise for different dopant locations (r0): (i) r0 = 0.0 a.u.,
(ii) r0 = 28.28 a.u., and (iii) r0 = 70.71 a.u.
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in low and medium noise strength domain, and also enhances
the magnitude of average excitation rate over its Gaussian coun-
terpart. On all occasions the appearance of maxima/minima in
excitation kinetics indicates preponderance of the parameters
that favor or inhibit excitation over the rival ones, and the sat-
uration can be attributed to kind of compromise between them.
We didn’t rely upon the intuitive idea that application of noise
will disrupt any profile of kinetics beyond recognition. In con-
sequence, what we have found is that the results of investiga-
tion are interesting and expected to convey important insights
in the researches on quantum dot nanomaterials and optoelec-
tronic materials.

The present investigation seems to unfold promising oppor-
tunities for future development and research. It is possible to
collect crucial information regarding charge fluctuations in the
mesoscopic system through the intrusion of time-dependent
noise. It will also be meaningful to study the correlations in
the transport processes through nanostructures by exploiting
noise.
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