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The enhancement of light emissive processes in different quantum nanometric systems is presented in this
review. The plasmonic enhanced photoluminescence (fluorescence) of metals and metal nanoparticles, molecules and semiconductor nanostructures, as well as surface-enhanced Raman scattering is initially considered.
The enhancement of excitonic photoluminescence intensity in semiconductor confined systems such as quantum wells, quantum wires and quantum dots, and microcavities are then discussed. Finally, the experimental results of the enhanced exciton photoluminescence from GaAs homojunctions, δ-doped GaAs structures,
GaAs/AlGaAs selectively doped and AlInN/GaN heterostuctures is presented. These results can be applied to
enhance the emission of light-emitting diodes, as well as to increase the efficiency of solar cells.
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1. Bulk and surface plasmons in metals
A few metals and their nanoparticles offer reso
nances of their carrier transitions that fall near or in
the visible region of the electromagnetic spectrum.
The best material candidates are alkali and noble
metals. Noble metals have the additional advantage
of being chemically inert, i. e. not very reactive, and
hence do not require vacuum in order to perform
an experiment. The two most common metals are
silver (Ag) and gold (Au), which are widely used in
various nanophotonics applications [1].
Noble metal nanoparticles have been used to
change the colours of reflected or transmitted light
in both architecture and art over several hundreds
of years. The staining of glass windows or orna
mental cups are the best known examples [2]. More
practical optical applications have been limited to
reflectors due to the large free electron densities of

metals, in which the electrons are highly delocal
ized over a large surface space. However, we can
decrease the size of the metal surface and confine
its electronic motion. The decrease in size of metal
nanoparticles gives rise to an intense absorption of
light, which is called surface plasmon absorption.
This intense absorption induces a strong coupling
of the nanoparticles to the electromagnetic radia
tion of light.
Plasmons consist of coherent oscillations of con
duction-band-electrons and are primarily respon
sible for the optical properties of metals. The Drude
plasma frequency for the free electron gas equals
, where n is the number of elec
trons per unit volume, me is electron mass, e is the
electron charge, and ε0 is the electric constant [3, 4].
The dielectric constant of metals is a complex func
tion of frequency, and the real part changes from
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negative to positive as we go through the plasma
frequency and dielectric constant is equal to zero at
the plasma frequency. This means that metals will
transmit light in the ultraviolet range for frequen
cies above the plasmon resonance (ω > ωp), whereas
light below the plasmon resonance is fully reflected.
The plasmon energy of free electrons for both Au
and Ag is about ħωp ≈ 9 eV [5]. However, due to the
contributions of core bound electrons, the plasmon
energy shifts to a lower energy level which becomes
equal to
, where ε∞ is the dielectric
constant in the high frequency region. The plasmon
energy is approximated to ħω*p ≈ 3 eV for bulk Au
and ħω*p ≈ 4.7 eV for bulk Ag [4, 5]. These energies
are shown as solid circles in Fig. 1.
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resonance frequency and the linewidth is nearly
independent of the particle size, although the reso
nance is highly sensitive to the shape of the particle
[7]. The plasmon resonance of gold nanospheres of
these diameters is at a wavelength of approximately
500 nm. For silver spheres, the resonance is at ap
proximately 400 nm. As the size of the nanoparti
cles increases above 50 nm, its unique plasmonic
resonance shifts towards the red region of the vis
ible spectrum. The linewidth of silver is narrower
than the one for gold. The ranges of surface plas
monic resonance for silver and gold nanoparticles
with a diameter of 20–100 nm are shown in Fig. 1
as solid bars [8–10]. The extinction coefficient for
small metallic nanoparticles (<25 nm) is in most
part dominated by absorption, while for larger par
ticles it is dominated by scattering [11].
2. Enhancement of photoluminescence in metals

Fig. 1. The plasmon resonance
of bulk Ag and Au
(solid circles) and the ranges of surface plasmonic reso
nance for their nanoparticle spheres (solid bars). The as
terisks indicate the interband transitions.

The localized surface plasmon resonance (de
termining the interaction between light and rough
metal surfaces or metal nanoparticles) is dependent
on the size and shape of the nanoparticle and also
on the dielectric environment [6]. The solutions of
the resonances for spheres are called Mie resonanc
es. Hence, the surface plasmon energy for small
spherical particles having a diameter of approxi
mately 20 nm in the lowest dipole mode is equal to
[3]. For spheres having a diameter
in the range from 10 to 50 nm, the surface plasmon

The quantum efficiency of the photoluminescence
(PL) from bulk metals is very low, and typically
in the order of 10–10 for noble metals [4, 12]. This
means that only one photon is emitted per each 1010
electron-hole pairs that are excited. The threshold
energy of the interband transitions arises from the
different nature of metals. For example, the inter
band threshold of the alkali metals is given by the
excitations of the conduction-band electrons to
higher bands only, since all the filled bands lie far
below the conduction band. In this case the thresh
old energy is approximately equal to Eth = 0.64 EF,
where EF is the Fermi energy [13]. In the case of
noble metals, a direct excitation of conduction elec
trons to higher energy bands requires more energy
than the threshold of direct excitation of d-band
electrons into the conduction sp-band. The lumi
nescence in the noble metals is attributed to the ex
citation of electrons into the sp-conduction band
and subsequent direct radiative recombination. The
resulting peak of the luminescence spectrum is cen
tred around the interband absorption edge of the
metal. For example, for silver the peak is centred at
about 3.75 eV, for gold it is centred at 2.38 eV [14].
These transition energies are presented as asterisks
in Fig. 1.
The renewed interest in luminescence from
metals arose with a number of discoveries related
to noble metals with roughened surfaces or nano
particles. The study of photoluminescence leads to

294

J. Kundrotas et al. / Lith. J. Phys. 51, 292–302 (2011)

the discovery of enhanced radiative recombination.
Significant enhancements of the photolumines
cence of up to 104–108 times have been achieved for
noble metallic nanoparticles [15–18]. There exist
several models to explain this phenomenon. It was
argued in the first model [19] that the light emis
sion from the radiative recombination of sp-band
electrons with d-band holes is enhanced by the lo
cal field associated with the nanoparticle plasmon
oscillation. This would imply the possibility of an
acceleration of the radiative processes. However,
another model states [17] that the excited d-band
holes recombine with sp-electrons nonradiatively
and can excite plasmons of nanoparticles. These
plasmons subsequently radiate, giving rise to the
PL observed in the experiments. At present, how
ever, the mechanism of PL enhancement in metal
nanoparticles is still a question under debate.
3. Surface enhanced Raman scattering
One of the most important applications of metal
nanostructures is surface enhanced Raman scat
tering (SERS). The SERS was discovered in 1974
and is based on the enhancement of Raman scat
tering of an analyte molecule near or on a rough
ened metal surface or metal nanoparticle [20, 21].
It is currently a powerful analytical tool used in
chemical and biochemical analysis and detection.
The enhancement of the scattering arises mainly
from two mechanisms: (i) electromagnetic (EM)
field enhancement and (ii) chemical (Ch) en
hancement. Assuming that the two contributions
can be decoupled, the integrated photon flux in
a SERS for one molecule experiment can be ex
pressed as [22]
(1)
Here IInc and ħωInc are the irradiance and photon
energy of the incident field, σR is the cross section
of the Raman scattering, and MEM and MCh are the
electromagnetic and chemical parts of the enhance
ment factor M, respectively. The highest enhance
ment up to M ~ 1014 has been obtained with single
molecules adsorbed on colloidal silver particles [23,
24]. However, a more typical SERS enhancement
factor is presently in the range of 108–1010 [25].

The chemical enhancement, MCh, contributes to
wards a smaller fraction of the full enhancement,
M, and is in the range of 101–103 [4, 26]. The origin
of this effect is related to the formation of a new
complex of the metal-adsorbed molecule. The ex
citation caused by the laser energy can either be in
direct resonance with an electronic transition in
the metal-molecule complex or it can profit from
an indirect coupling (charge transfer) through
the metal. The chemical enhancement is sensitive
to the surface properties of the substrate and the
nature of the adsorbed molecules, but the underly
ing mechanism is so far under discussion [21]. The
electromagnetic enhancement, MEM, is the domi
nant parameter and is related to an increase in the
electromagnetic field due to the excitations of lo
calized surface plasmons. This effect leads to an en
hancement of both the incoming and emitting light
fields according to the electric field enhancement
law of light |E|4 [4]:
(2)

where

, and

are the electric field enhance
ment factors for incoming and emitted (scattered)
light, respectively. ELoc (ω0) and ELoc (ωs) are the
enhanced local electric fields at the incoming and
scattered frequencies, whereas E0 (ω0) and E0 (ωs)
are the incident electric fields. The approximation
in Eq. (2) is made due to the fact that the Raman
shift wavelength is very small compared to the in
coming wavelength. The theoretical calculations
show that the electromagnetic enhancement, MEM,
can reach the order of 1010–1011 [22, 27].
The enhancement factor of a silver sphere, LEM, is
about 200. However, its value depends on the distance
from the surface, and enhancement is lower at higher
distance [27]. Although spheres may not be the best
practical enhancers, they are a good academic instru
ment used to illustrate the fundamentals of the plas
monic enhancement phenomena. In contrast, the
highest enhancement is recorded from roughened
silver surfaces. Thus, metal nanoparticles of various
forms and arrays are used in SERS experiments. Me
tallic tips [28–30] and nanoholes [31] are also useful
tools targeting enhancement investigations.

J. Kundrotas et al. / Lith. J. Phys. 51, 292–302 (2011)

In the view of quantum mechanics, the transition
rate can be calculated using Fermi’s golden rule
(3)
where Vij is a matrix element, and ρ(ħω) denotes
the density of the final states. As a dipole approx
imation, the transition rate can be replaced as
Γij → LEM(ω0) Γij, if the metal does not change the
quantum state of the fluorophores. Please mark
that this replacement is not valid for semiconduc
tor confined systems such as quantum wells.
One important parameter is the distance de
pendence of SERS [32, 33]. The spectrum is at its
most enhanced when the particle is in direct con
tact with the metal surface. The field enhancement
around a small metal sphere decays with r–3, and
using the E4 approximation, the overall distance
dependence should scale with r–12. Taking into ac
count the increased surface area that scales with
r2, the distance dependence of the field interacting
with molecular or atomic shells should scale with
r–10 according to the law

where ISERS

is the intensity of the Raman mode, a is the average
size of the field-enhancing features on the surface
(a is of the order of 10 nm), and r is the distance
from the surface to the adsorbate.
4. Metal enhanced fluorescence
Metallic surfaces can have unusual effects on
nearby fluorophores and enhance the fluorescent
emission [11]. This effect is called metal-enhanced
fluorescence (MEF) or surface plasmon-enhanced
fluorescence (SPEF). The nature of influence de
pends on the distance r from the metal to the fluor
ophore [34, 35]; however, dependence is different
in comparison with SERS case. At distances that
are slightly greater than the emission wavelength
(r ≥ 100 nm) the emission is caused primarily by
photons and the fluorescent lifetime exhibits an
oscillatory behaviour as a function of the distance.
The oscillations arise from interference between
the directly radiated emission and that being re
flected from the metal. At distances in the order of
5–50 nm (larger than the atomic dimensions but
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somewhat less than the wavelength) the fluoresc
ing molecule is strongly coupled to the propagat
ing surface plasmons on the metal. At very small
values of r ≤ 1 nm, the non-radiative processes
dominate in the decay rate. Thus, for observation
of the enhanced fluorescence, a nanometre-thin
dielectric spacer layer is often required to prohibit
the non-radiative excitation transfer from the mol
ecule to the metal.
The power radiated as fluorescence photons is
proportional to the absorbed power PFluo = PAbsQ,
where Q is the fluorescence quantum yield (the ra
tio of the number of photons emitted to the number
absorbed). It characterizes the competition between
the radiative and non-radiative decays, and is given
by Q = ΓRad / (ΓRad + ΓNR), where ΓRad means radiative
and ΓNR means non-radiative decay rates [21].
Metal surface-enhanced fluorescence arises
from the strong electromagnetic coupling attained
between a molecule adsorbed at or near a metal
surface and the metal surface as a result of excited
localized surface plasmon resonances. The changes
in fluorescence, as in the case of SERS enhance
ment, can be understood within classical EM the
ory. In our simple considerations we have assumed
that the electronic energy levels are not affected by
the adsorption. Thus, the fluorescence enhance
ment factor can be expressed as [36]
(4)
where the superscript zero refers to radiation with
out enhancement. Since the electric field of light
may change in the vicinity of the metallic surface
absorption, as discussed previously in SERS case,
the local field can be modified by the enhancement
factor
.
Consequently, the absorbed power, excitation rate,
or the absorption cross section is modified by the
same factor. Different definitions are used in the
analysis of the metal enhancement of fluorescence,
but these are interdependent and relate principally
to the same physical phenomenon. The single fre
quency approximation is often used to simplify the
analysis, since it assumes that the excitation and
emission frequencies are the same, ω0 = ωs, due to
the molecules being excited at or near the peak of
their emission spectrum.
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The fluorescence enhancement factor depends
on both the incident and radiated light as well as
on the enhancement of the decay rate of the excited
molecules [36–38]:

(5)
Here, ω0 is the laser excitation frequency, and ωs is
the Stokes shifted fluorescence frequency. LTot is the
sum of radiative and non-radiative enhancement
factors LTot = LRad + LNR, where LRad = ΓRad + ΓR0 ad .
For moderate to large distances LRad and LTot are ap
proximately equal, and we estimate the maximum
enhancement to be proportional to the |E|2 law. In
contrast, when a molecule gets very close to a metal
surface, LTot can be much larger than LRad, resulting
in the MEF enhancement approaching zero [35].
Although we have used the LRad factor to describe
the emission enhancement in the discussion, there
exists another consideration which describes the
enhanced emission as a sum (ΓRad + Γm), where Γm is
the rate emission part in the presence of a metallic
surface [39, 40].
The challenge is to find a metal nanostructure and
a molecule whose interaction can be maximized. For
various molecules interacting with silver and gold na
nostructures the achieved fluorescence enhancement
factor have been reported to reach 400 times [4].
5. Metal–semiconductor composite enhanced
emission
Native semiconductors and metals (e. g. noble) are
optically active and are able to absorb radiation in
the 1–3 eV energy region. Hence, their composites
can have interesting and varied optical properties
depending on the nature of the components, their
relative energy levels and their interactions. Noble
metal–semiconductor system or composite na
nocrystal system can lead to an enhancement or
a quenching of either the absorption or the emis
sion of light [42–47]. This effect may be exploited in
practical applications, such as an enhancement of
the quantum efficiency of light-emitting diodes [48,
49], the rise of efficiency in photovoltaic (solar cell)
devices [43, 44, 50–52], as well as new applications

such as nanoscale quantum generator SPASER
(surface plasmon amplification by stimulated emis
sion of radiation) [53–55].
The photoluminescence from semiconductors
or semiconductor nanostructures can be enhanced
or quenched by metal nanoparticles placed at an
appropriate distance. For example, the enhance
ment of luminescence of CdSe/ZnSe core-shell
quantum dots on gold colloids has been studied as
a function of distance between the metal and the
semiconductor in the structure [56]. The maximum
enhancement by a factor of 5 was achieved at a dis
tance of about 11 nm. A similar distance between
the metal and the semiconductor is in many cases
used to investigate PL enhancement.
There is a limited number of works that reports
on the enhancement of the emission in metal–
semiconductor systems. When one component is
substantially dominant in size over the other, the
optical properties of the composite tend to be pri
marily determined by the predominant component
[57]. It was observed that the photoluminescence
of semiconductor nanostructures such as quantum
wells, quantum dots coated with noble metal films
or nanoparticles can be enhanced by more than
ten times [58]. However, the PL enhancement or
quenching mechanism is more complex and is at
present not fully understood. It is believed that if
the surface plasmon energy of a metal is matched
with the emitted photon energy of the surrounding
semiconductor materials, the resulting resonance
can lead to an energy transfer from the metal sur
face to the surroundings or vice versa [59]. The en
hanced emission can come from the electric field
that is amplified by plasmon resonance, which ini
tiates the electromagnetic field enhancement factor
that is proportional to |E|2, where E is local electric
field initiated by the photons [47].
By combining together a metal and semicon
ductor nanostructure, electrons will transfer from
the metal to the semiconductor, for example, from
Au to the CdS shell [59]. This will lead to an elec
tron accumulation around the interface of the CdS
and Au, which can initiate enhanced interactions
between the electrons in the CdS shell and Au sur
face. However, we believe that an additional effect
may occur. The accumulated electrons form a two
dimensional electron gas like those found in selec
tively doped semiconductor structures. This gas
may create a strong electric field that is capable of
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quenching potential recombinations that occur at
the interface. The recombination is thus shifted to
the flat band region where an enhancement of the
emission can be realized [60]. This shows that the
physics governing the emission enhancement in
metal–semiconductor nanostructures is an inher
ent complicated phenomenon.
6. Enhanced emission in semiconductor
confined nanostructures
The energy levels and density of states are depend
ent on the size of the semiconductor nanoscale
structures such as quantum wells (2D), wires (1D)
or dots (0D) [57]. The energy level spacing and
exciton binding energy increases with decreas
ing dimensions [61]. This quantum confinement
effect leads to a blue shift of the absorption on
set of nanocrystals with decreasing size. In quan
tum well crystals that are of cubic symmetry, the
valence band splits into the heavy and light hole
bands that results in two kinds of optical transi
tions called heavy and light hole transitions, re
spectively [62]. One of the dominant features of
the optical properties of nanoscale materials is the
strong influence of excitonic transitions on the
absorption and luminescence spectra. The opti
cal properties are related to the oscillator strength
which is determined by the square of the electric
transition dipole moment.
The relationship between the absorption co
efficient / oscillator strength and the excitonic
lifetime on the size of the semiconductor nano
particles is a tool used to investigate the physical
properties of nanoparticles. It is also important
for practical applications in order to enhance the
oscillator strength of excitonic transitions [63].
This oscillator strength increases with decreasing
semiconductor particle size [61, 64, 65]. The in
tegrated emission measured from our GaAs/AlAs
multiple quantum wells (MQWs) were 20 times
higher compared to the bulk GaAs (Fig. 2). Since
the MQWs structure and the GaAs layer are of
approximately equal thickness, one may conclude
that the difference in PL intensities is related to
the enhanced emission from the MQWs structure.
The spectrum from the MQWs is shifted toward
higher energies compared to that of GaAs. This
is related to the increasing oscillator strength in
MQWs. However, the first principles of quantum

Fig. 2. The comparison of the PL spectrum from the
GaAs/AlAs MQWs with the spectrum from a GaAs layer.
The symbol X indicates excitonic transition in the GaAs
layer and the symbols Xe1-hh1 and Xe1-lh1 indicate heavyhole and light-hole excitonic transitions in MQWs.

mechanics need to be considered if a full analysis
of the emission enhancement of confined semi
conductor systems is to be performed.
To enhance the quantum effects and to achieve
a strong coupling between light and matter, the
semiconductor nanoparticles are placed inside mi
crocavities [66–68]. The resulting interaction leads
to the formation of exciton-polaritons: half-light,
half-matter quasiparticles. This can induce a split
ting between the new polariton modes, known as
Rabi splitting [66, 67, 69]. Further investigations are
also seeking to explore the newly observed effect
of exciton-polariton lasing without inversion and
Bose–Einstein condensation.
7. The enhancement of PL in semiconductor
homo- and heterojunctions
Our examination of the photoluminescence spectra
of n+/i-GaAs homojunctions revealed an enhanced
exciton emission of the homojunction in compari
son with that of the i-GaAs active layer of the same
structure [70, 71].
The PL spectrum of the n+/i-GaAs homojunc
tion with a Si doped (1018 cm–3) cap n+ layer of
100 nm film thickness, and the PL spectrum of the
i-GaAs active layer, is shown in Fig. 3. Both spectra
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Fig. 3. The PL spectra (upper curve) of an n+/i-GaAs
homojunction and (bottom curve) of the i-GaAs active
layer of the same structure at a temperature of T = 3.6 K.
The bottom curve enlarged 28 times.

face will change the built-in electric field strength
in the active layer of the homojunction. Thus, we
can conclude that the built-in electric field and the
enhancement of the excitonic emission are related
phenomena. The enhancement was reported to
span up to 3 orders of magnitude in the selectively
doped GaAs/AlxGa1-xAs heterojunction structures
[60].
The enhancement of PL in GaAs homojunctions
and heterojunctions is a complex process that re
quires further investigations. The enhanced PL lines
in all the investigated structures did not change en
ergetic position in the spectrum, and the presence
of a heavily doped layer caused the formation of a
built-in high electric field near the interface. As was
discussed previously, the free carriers can induce a
plasmon of frequency
. The
calculated frequency, ωp, ranged from 6.6 . 1013 to

were measured at a temperature of T = 3.6 K. The
estimated full width at half maximum (FWHM) of
the exciton peak for the n+/i-GaAs homojunction
was about a few meV, whereas the FWHM for the
epitaxial i-GaAs layer was about two times wider.
The excitonic line of the homojunction is about 40
times more intense than the one of the active layer
of the same structure. Two phenomena were ob
served: (i) the amplification and (ii) the narrowing
of the excitonic line in the n+/i-GaAs homojunc
tion. Similar effects were observed in Si δ-doped
GaAs structures [72], in the selectively Si-doped
GaAs/AlGaAs heterostructures [60] and also in the
AlInN/GaN heterostructures [73]. A high electric
field forms at the interfaces from the active layer
side in all these structures. In selectively doped het
erostructures this field initiates a 2D electron gas.
To clarify the observed energy band diagram, both
the electron concentration and the electric field
strength were calculated for our investigated struc
tures. The results for the n+/i-GaAs homojunction
structure are shown in Fig. 4.
This result shows that a correlation between the
calculated built-in electric field strength and the
measured enhancement of excitonic line intensity
at various thicknesses of the n+-GaAs cap layer (in
set of Fig. 4) exists. The thickness variation of the
n+-GaAs layer does also control the carrier density,
since the component that is captured at the sur

Fig. 4. Numerical calculations of the energy band dia
gram (top), electron concentration (middle) and the
built-in electric field (bottom) of the n+/i-GaAs homo
junction (NSi = 1018 cm–3) with a surface potential of
ΦS = 0.6 eV. The thickness of the cap n+-GaAs layer is
100 nm. A correlation between the enhanced exciton
photoluminescence intensity and the calculated built-in
electric field strength is shown in the inset.
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1.1 . 1014 s–1 taking into account the parameters
m*e = 0.0665 m0 and ε∞ = 10.92. This considered,
free carrier concentration was in the doping region
from 1 . 1018 to 3 . 1018 cm–3, which meant that the
plasmon energy ranged from 0.043 to 0.075 eV. This
energy is too low and too far away from the reso
nant excitonic transition energy of EX = 1.514 eV in
the GaAs (see Fig. 3).
The incident laser beam excites electrons to a
certain depth of light penetration. These photoex
cited carriers can form excitons in the i-GaAs lay
er, which in turn may recombine back to emitting
photons. However, the presence of a strong builtin electric field prevents exciton formation in the
close proximity to the n+/i interface region: holes
are driven away from the interface while the pho
toexcited electrons drift towards the interface. Con
sequently, an electric field above 1 kV/cm has been
shown to destroy excitons by tunneling. An accu
mulation of free carriers increases the number of
excitons in the flat band region of i-GaAs layer. This
can lead to a change in the emission rate, a change
of quantum yield, and in part explain the observed
enhancement of the excitonic line intensity in the
n+/i-GaAs homojunctions or heterojunctions. It
is known that the highest metal enhancement of
emission is achieved with a low efficiency emis
sion of molecules. However, in our case the highest
enhancement of PL was observed in the structures
with the highest quality of active GaAs layer in
GaAs/AlxGa1-xAs heterojuctions [60].
The origin of the line narrowing phenomenon is
also not completely clear. Excited electrons and holes
in epitaxial layers stay mostly near residual donors,
acceptors or other inhomogenities that are randomly
distributed in space. This interaction causes inhomo
geneous broadening of the excitonic linewidth. The
FWHM of the Xi line (see Fig. 3) at low temperatures
in the n+/i-GaAs structure is similar to the linewidth
of a high quality GaAs crystal. This fact suggests
that the interaction of excitons with crystal imper
fections is changed in the n+/i-GaAs homojunction.
However, the excitonic line narrowing also shows
that the system possesses a macroscopic coherence.
Such spontaneous appearance of coherence suggests
that the exciton system in the structure has the po
tential of macroscopic occupation of a narrow mode
spectrum. This phenomenon may also be related to
a collective interaction of excitons in the homojunc
tion or heterojuction structures.
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8. Summary of potential applications
The enhancement of light emission in various na
nostructures has been analysed. These enhance
ments are important in biological imaging and
medical diagnostics applications. The enhancement
of excitonic PL in GaAs homojunctions, δ-doped
GaAs structures, GaAs/AlGaAs selectively doped
and AlInN/GaN heterostuctures has been experi
mentally obtained. This enhancement was shown
to reach up to 3 orders of magnitude in GaAs/
AlGaAs selectively doped heterostuctures. These
results can be applied to enhance the emission of
light-emitting diodes, as well as increase the effi
ciency of solar cells.
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Santrauka

Apžvelgiami šviesos sustiprėjimo reiškiniai įvai
riose kvantinėse nanometrinėse sistemose. Pirmiausia
pristatomas plazminis fotoliuminescencijos (fluores
cencijos) sustiprėjimas metaluose ir metalų nanodale
lėse, molekulėse ir puslaidininkiniuose nanodariniuo
se. Taip pat aptariama paviršiaus sustiprinta Ramano
sklaida. Toliau nagrinėjamas eksitoninės spinduliuotės
sustiprėjimas apribotuose nanometriniuose dariniuo

se, tokiuose kaip kvantiniai šuliniai, kvantinės gijos,
kvantiniai taškai bei mikrorezonatoriai. Galiausiai pa
teikiami eksitoninės spinduliuotės sustiprėjimo GaAs
vienalytėse sandūrose, GaAs δ-legiruotose dariniuose
bei GaAs/AlGaAs selektyviai legiruotuose įvairiatar
pėse sandūrose eksperimentiniai tyrimo rezultatai.
Padaryta išvada, kad pastarieji reiškiniai gali būti pa
naudoti šviestukų ir saulės elementų efektyvumui pa
didinti.

