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Abstract— It is known that electronic properties of a quantum dot (QD) depend on its size
and shape. Spectrum of emission light of a QD is changed by tuning their core diameter. For
example, the cadmium selenite (CdSe) QDs emit blue light when the diameter of the core is 2nm
and emit red light when it is 7nm [1]. Because of it QDs have a good potential for using in
different light emitting devices including organic light emitting diodes (OLEDs). For example,
QDs gives a good opportunity for design white OLEDs etc..

1. INTRODUCTION

QD films have a lot of applications in optoelectronic devices because of their unique properties
of QD. Such as size- and shape-tunable optical and electronic properties (e.g., the band gap in a
QD proportional to its size). QDs are bright and photostable and can show a very high photolu-
minescence quantum efficiency (around 90%) [2,3]. So QD films are very perspective for using in
different kinds of electronic and optoelectronic device applications [4]. For example, light emitting
diodes (QD-LEDs), field-effect transistors (FETSs) and photodetectors.

2. DIELECTRIC PROPERTIES OF THIN QUANTUM DOT FILM

Let us consider a thin film of the amorphous substance 2b wide. It is composed of N uniformly
located spherically symmetric QDs. Let all the QDs be anisotropic and have polarizability a;(w):

aj; (W) = ay (w) (05 — eiej) + o) (w) eie;. (1)

We work in the dipole approximation as a QD diameter is considerably smaller than the wave-length
of light:

Jme (r,w) = (—iw) Y d (Rp,w) 6 (r — Ry), (2)

where d(Rp, w) is the moment dipolaire of the b-th molecule, b = 1, N, N is the total number of
molecules of the substance.

Let put in vacuum a source creating the field Eg. Linearity of Maxwell’s equations allows us
to obtain the Fourier transform of the solution of Maxwell’s equations in a medium as sum of
an external field (which has not yet interacted with any of the molecules) and a sum of all the
secondary fields created by all the molecules [5]:

| 1
E™Me (r,w) = EY (r, )+22/d3lSU (Lw) ajp (w ZE"”C Ry, w)exp{—il(Ry — 1)},  (3)

where

S L) = 100t ()

Averaging (3) over the location of other QDs we find the local field E¢:

1
Ez’loc (Ra7w) = E (Ra’w) 2 272 /dglszj (17("}) Qjk (CU)
/d Ry Nw (Ryg) Ef (Ry + Rig, w) exp {—ilRy, } (5)

where w(Ry,) is the probability density of finding the b-th molecule at the distance Ry, = Ry —
R.,(k=1,N—-1):
1

w(R) = |

1-f(R), (6)
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where f(R) is the radial distribution function, that in fact describes the structure of film.
Averaging over the coordinates of all the QDs of the substance we obtain the macroscopic field:

E;i (R,w) = E (R,w) + 2%@ /d?’R'Sij (—R’,w) P;(R+R,w), (7)
where
Sij (—R',w) = /d?’qSij (L,w)exp {—ilR’} , (8)
P; (R,w) = nayy (v) B (R,w), (9)
where n is the number density:
n— % (10)

Now we can obtain a relation between the macroscopic field E and the local field Ee:

1
Ei (R,w) = EY (R,w) + 5.7 /dfﬂR’s@- (-R,w) P (R+R,w). (11)

We write this equation in the coordinates (q, z, w):

E; (q7 z,w) = Eiloc (qv Z7w)
2R b—2
+47m/(27r)3 / dZ'exp{iqR'} f (R’) S5 (—R',w) aji (w) El¢ (q,z,w). (12)
—b—Z

Equation which connects the Fourier transforms of the local and macroscopic fields [6]:

tix (a,w) B (q,w) = Ei (q,w), (13)
where
b—27
d2R, !/ - !/ / !/
tik (Q,w) = dir, + 4mn (2n)? dZ'exp {iqR'} f (R') Sy (R, w) ajp, (w).- (14)
—b—2Z
Taking into account that:
47T-ID’£ (quvw) = [Eij (quaw) _52]] E] (q)Zaw)' (15)
And using Eq. (9) and Eq. (13) we obtain the dielectric permittivity:
Eik (q7 Z, W) = 0 + 47TTLOZZ‘]‘ (w) t;]gl (qa Z, w) . (16)
In the long-wave approximation:
n P < ¢l < efw. (17)
ik (2,w) = €1 (2,w) (S, — eiex) + g (2,w) eiex, (18)
where
el (2w) = 1+ 4mnay (w) (2/3 —c(2))
1 —4mnay (w) (1/3+c¢(2)) 19
oy = LT () (2/3 () (19)
ST rnay (@) (1/3 + ¢ (2))

Z+b
c(z) = /dgl / %exp {it.Z'} (1, —2"). (20)
Z—b



1372 PIERS Proceedings, Prague, Czech Republic, July 6-9, 2015

The radial distribution function f(R) is defined as:

f(R)=n(R)/n, (21)

where n(R) is the local number density, that determines number of QDs dN(R) in the differential
of volume dV on the distance R from the fixed QD:

n(r) = Y

(22)

Function f(R) can be found experimentally. For example, using x-ray diffraction [7].

3. DISCUSSION

In this work we study a natural variation of dielectric properties of a very thin film consisting of
QDs, with thickness in some QD diameters. For such thin film usually used macroelectrodinamical
approach does not work, which needs improving of existing techniques. We manage to obtain the
generalized Clausius-Mossotti relation for dielectric permittivity of thin film from the first principles
with help of the local field theory [5-7]. The distinctive feature of the local field theory is that it
permits to take into account interaction between the QDs, and to express the results through the
properties of single QD and radial function of distribution, characterizing their mutual disposition.
In article [5] such method was developed for an amorphous substance occupying a half-space. Here
we develop this technique for the case of very thin layer using dipole approximation assuming that
a QD diameter is considerably smaller than the wave-length of light. We obtain the conditions
when resonance lines for system of interacting QDs are shifted in comparison with the resonance
lines of a single QD, which is defined by local field effects.
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