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Abstract: In this paper, we present a theoretical and simulation work about the modification of the spontaneous
emission of aradiating dipole into a plasmonic device. This problem concerns devices where a nanolight source
is directly integrated in nanophotonic devices. The modification of radiation, also called Purcell effect, is
calculated using electromagnetism theory of the dissipated power of a point source near or inside a multilayer
system. After describing the general effect and the theoretical approach based on the calculation of the Local
Density of Optical States (LDOS), we present how this dipole radiates near ametal mirror which supports Surface
Plasmon Polariton (SPP) at the metal-dielectric interface. In a second step, we set our attention onto a symmetric
system where the metallic layer is confined between 2 insulators. In that late case, the SPP at each interface
hybridize to generate two new modes named Long-Range and Short-Range Plasmon. In particular, we analyze
the coupling efficiency of the dipole into these new modes and discuss about some potential applications in
nanophotonics. The last part of this paper deals with a more realistic device where the insulator layers display
finite sizes which lead to the existence of waveguided mode in the structure.

Keywords: Purcell effect, Surface plasmon, Waveguide, Strong coupling, Mode hybridization, Coupling
efficiency, Nanophotonic.

1. Introduction

Among the numerous developments in integrated
photonic devices, there is till challenges to engineer
more efficient nanosources of light [1]. The recent
advances in nanofabrication have made possible the
realization of optical telecommunication devices with
many integrated specificities [2]. Nowadays, thereisa
strong demand on the development of integrated
photonic quantum devices [3]. The light-matter
interaction can be engineered to create: new lasers
based on polariton condensates [4], polariton fluids
[5], single photon sources [ 6], reconfigurable photonic
elements that can be switched [7], low loss
waveguides [8], quantum logical gates[9], generation

of non-classical state of light [10], wavelength
conversion and non-linearities [11]. All these
promising applications rely on the design of integrated
devices that are compact, efficient without losses. In
general, much materials depend on the wavelength of
applications either by their optical dispersion or
absorption, bands diagram, direct or indirect gap [12].

For example, vertical devices based on Bragg
mirrors with a micro-cavity have been designed to
realize semiconductor lasers [13] or ultra-bright
single-photon sources [14]. The idea of this 1D
photonic crystal has been extended to 2D photonic
crystals [15]. Many redlizations for quantum optics
have been achieved based on these photonic crystals
such aswaveguided single photon sources[16], strong
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coupling [17], polarization entanglement [18] and
ultrafast lasers [19]. The key point in all these
realizations is the optimization of the devices. One
criteria, to optimize the light-matter interaction, is
based on the Purcell factor [20] that stipulates that the
photon emission rate is increased when the emitter is
inserted in a device with a confined mode volume and
a strong quality mode factor. The mode volume is in
general diffraction limited [21]. The quality factor that
represent the time of interaction between the photon
and the mode depends strongly on the lossesinside the
device[22]. For example, in the case of a nano-cavity
inserted inside a photonic crystal, the cavity-edges are
crucial [22, 23]. In this case, losses are induced by the
junction between the cavity field and the mirror which
lead to evanescent lossy waves.

Otherwise, evanescent waves can present
advantages due to a high confinement of the mode
volumewhichissmaller than the diffraction limit [24].
In the case of metals, Surface Plasmon Polaritons
(SPPs) are evanescent waves at the interface between
a meta and a dielectric interface [25]. SPPs are
electromagnetic waves that propagate over a few
microns a the meta-dielectric interface. It is an
evanescent wave that possessaTM (or p) polarization.
It is characterized by an in-plane wavevector given by

Eq. (1) as.
_2m | g€,
Ko = A\e, +e, )

where A is the wavelength and the di€lectric constants
of the dielectric and metal are respectively €4 and em.
The dielectric constant of the metal is subject to losses
so that the imaginary part can be important depending
on the wavelength. Metals such as gold and silver are
commonly used because they display few lossesin the
visible range [26]. As the dielectric constant, depends
on the wavelength, the real part of the wavevector
describe the dispersion relationship and the imaginary
part is related to the propagation length Ly, [25].

Despite their losses, the high confinement and
strong associated electromagnetic field have led to
many interesting applications. Stimulated emission in
waveguide[27], vertical lasers based on TAMM mode
[28] and nano-lasers aso caled SPASER [29] have
been demonstrated. Quantum plasmonic has emerged
and demonstrations such as strong coupling [30, 31],
single plasmons [32] and coalescence [33, 34] have
been redlized. Recently collective emission in
superradiant state induced by SPP have been
achieved [35].

Nevertheless, the major limitations of SPP come
from the losses form the optical constant or by
leskage. In the case of athin metalic layer, the SPP
mode can be leaky so that the propagation length is
reduced. There is a particular case when the metallic
layer is very thin and inserted between 2 identical
insulators. The plasmon a each interface hybridize
into a long-range and a short range plasmon [36, 37].
The long-range mode possesses a propagation length

a few times higher than the SPP and is particularly
interesting for integrated devices such as waveguides
[38] and interferometers [39]. A demonstration of
strong coupling for quantum optics has also been
achieved [40].

The motivation of the present work isto show how
quantum emitters (such as single molecule or quantum
dots) can couple to aplanar metallic layer that support
hybridized SPP and in particular to realistic structures
composed of finite size layers. This fundamental case
is particularly important for integrated nanosources or
guantum plasmonic with surface plasmons.

Inafirst part, werecall and detail how we calculate
the Local Density of Optical States to deduce the
Purcell factor. In a second step, we apply the model to
the case of a gold mirror to identify and recall the
coupling properties to a Surface Plasmon. In the two
last part of the paper, we discuss the cases when the
metallic layer is thin and inserted between insulators.
The case of infinite insulating layers will be discussed
to identify the modes and understand the coupling. A
second case will be discussed which is more redlistic
when the insulators possess finite sizes.

2. Theoretical Model for the Calculation
of the Purcdll Effect and the LDOS

2.1. Link Between the Local Density of
Optical States (LDOS) and the Purcell
Factor

The spontaneous decay rate of atwo level system

weakly coupled to an external electromagnetic mode
follows the Fermi’ s golden rule:

=

;;Z;Iplz p(r,0), @

where the Local Density of Optical States (LDOS) is
p, the amplitude and the position of the dipole are
respectively |p|? and r. The ratio of the decay rate of
the 2-level system in alocal (I') and a homogeneous
surrounding (I'o) has been introduced by Purcell [20]:

Fp=7"r =" (©)

The Purcell factor represents at the same time the
modification of the decay rate and the LDOS. The
published work [20] shows that the spontaneous decay
rate of a single emitter was modified when placed
inside a Fabry-Perot cavity. In such cavity, the emitter
will decay in modes described by successive
lorentzian functions of the frequency. It has been
demonstrated that the modification follows:
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where F, is the so-called Purcell factor, A is the
emission wavelength of the emitters, Q and V are
characteristics of the mode. Q isthe resonance quality
factor and V is the mode volume defined, in a non-
dispersive medium of local optical constant (1), as:

y_ [e)[E)[ ar

= ®)
max[e(r)|E(r)|]
In this expression, |E(r)|? is the intensity of the
electric field associated to the mode. The fina
expression of the Purcell factor in Eq. (4) showsthat it
is maximum when the quality factor is very high and
the mode volume is small. In the case considered in
this paper, we use plasmonic structures based on
metal s so that the quality factor will be generally under
100 but the field confinement possesses a mode
volume smaller than 3.

2.2. Power Dissipation of a Dipole Near
aPlanar Structure

The general Purcell factor is defined by Eq. (3)
which is the ratio of the decay rates. In principle, the
decay rates can only be calculated in quantum
mechanics and differ from classicd formula
Nevertheless, the relative modifications of the
emission rates in presence of a nanostructured
compared to free space areidentical [41].

Tr r
S e ©
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Using this analogy, we are able to use classic
electromagnetism calculations to simulate the Purcell
factor. For that model, we consider the power P
dissipated by adipole of energy Egipore

P= _rEdipoIe (7)

In the present work, we consider surface modes
which are defined by their in-plane wavevector k. In
the following, we will use the normalized wavevector
usuch as;

K

S
o ®

where n, is the optical index where the dipole is
located, u is very interesting parameters that delimits
propagating wavesin free space (u<np) and evanescent
waves (u>np). Furthermore, by this definition, u will
also represent the effective index of the modes. The
Purcell factor can be therefore decomposed on these
wavevectors by [42]:

Fo= ja(u)du (9)
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The quantity o represents the derivative of the
power dissipated by wavevector and will allow us to
identify surface modes. The expression of o depends
on the position of the dipole and its orientation. In
Fig.1, we present the two main cases that are
considered. The dipoleisplaced in the medium 0. The
emitted electromagnetic waves will depend on the
orientation of the dipole. If the dipoleis parallel to the
surface, TM (p) and TE () waves will excite the
surface. In the case of a vertical dipole, only TM (p)
waveswill be generated [41]. Asthis paper deals with
the excitation of SPP which are TM (p) modes, we set
the dipole vertical to the al interfaces.

(@ W)
Fo,i i ‘

S T AVAE

I
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Fig. 1. Schematic of the calculated system. The dipole (red
arrow) is set at a distance z from the bottom interface.
(@) Dipole placed inside a semi-infinite medium,
and (b) inside a layer of thickness d. O, i and f denotes the
dipole medium, upper and bottom layer respectively. Note
that the medium i or f can be composed of multilayers.

The general expression of o for a vertical dipole
(orientation perpendicular to the layer) is:

u3
2

Jng -u?

In this expression, we observe two terms which
comes from the direct light in a direction u and a
second one that depend on the function g(u).

o (u)= g Re[1+ g(u) (20)

2.3. Analytic Expression of the Dissipated
Power in a Multilayer Structure

As we see on the general expression of the
dissipated power, we need the expressions of the
function g(u). Its formulais given by gi(u) or gz(u) if
the dipoleis placed in a semi-infinite layer (Fig. 1(a))
orinsideafinitelayer (Fig. 1(b)). For asingleinterface
(Fig. 1(8)), the expression is given by [42]:

gl(u) = r0’,jf @(p(Zi kz,oz) (11)

The projection of the wavevector is

K, o :% n —u® . We see that in the case of a semi-
infinite layer, gi(u) is only given by the propagation
distance to the interface and the Fresnel reflection
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coefficient ry; . If the dipole is placed inside a finite
layer, we have:

1
1-2r 15’ exp(2ik, od)

{2rfrdy exp[2ik, ,d] + (12)
ro'j exp[2ik,,(d-2)]+
7, exp(2ik, ,2)}

9, (u)=

The main difference with one interface is that the
reflection coefficient of both upper (rg;) and lower

(ry; ) layer must be taken into account. For clarity of

the different expressions, we removed the angular
dependence of the Fresnel coefficient with thein-plane
wavevector u. Finadly, the Fresnel reflection
coefficients are calculated by analytica Matrix
formalism [43] and depends on the considered
structure through their indices and thicknesses.

2.4. Coupling Efficiency (B-factor)

So far, we have presented the Purcell factor that
represents the modification of the total power of the
emitter. It is also very useful to quantify the coupling
efficiency in each available mode or channel. This
parameter is akey point in the optimization of devices
for integrated photonics as for example waveguides or
cavities [16]. The coupling efficiency in a specific
mode s called the B-factor and is defined as:

ﬂ rmode »[ue{rmde} a(u)du
- I 13
Lo I a(u)du 13)

0

The 3-factor will then be cal culated using the value
of the power o. from the previous expression.

2.5. Reconstruction of the Mode Profile

It isalso very useful to dispose of the shape of the
mode profile in order to identify the modes and locate
where the electromagnetic field is more intense. The
last quantity, we can compute with the dissipated
power o is the power in each mode:

Tioe _ a(u)du (14)

I"O ue{mode}

This quantity is normalized and will represent the
normalized power of the mode. For each position of
the dipole, the dissipated power o is calculated and
integrated. The profile of the mode will then be
deduced. This procedure is a way to reconstruct the
mode volume which is fundamental to understand the
Purcell factor.

3. Spontaneous Emission of a Radiating
Dipolenear a Thick Gold Mirror

In the previous part, we described the model and
defined the different physical quantities that we will
calculate. Wefirst consider the ssimple case of adipole
coupled to a gold mirror [48]. For the calculation, we
set the dipole emission wavelength A=650nm so that
the gold optical index is [26]: Ng¢=0.15+3.32i. The
results are presented in Fig. 2.

(b)

07 . —
1,02 1,03 1,04 1,05 1,06 1,07 1,08

(d)

0 200 400 600 8OO 0 200 400 600 80O

z (nm) 2(nm)
Fig. 2. Simulations of the power dissipated by a vertical
dipole in the air located near a gold mirror. (a) Dissipated
power as function of u for several gold-dipole distance;
(b) Zoom of the dissipated power (for z=10 nm) around the
plasmonic resonance usep=1.048. (c) Evolution of the
Purcell factor with the vertical distance z. (d) Coupling
efficiency to the SPP mode as function of the distance.

When the dipole is near the gold mirror, we
observe that the dissipated power is absorbed into
3regions in Fig. 2 (a). When u<l, the power is
radiated in free space whereas when u>1, the power is
absorbed into the evanescent waves. It is known, that
in the evanescent part, two modes arise which are the
Surface Plasmon Polaritonswith awavevector defined
by Eq. (1) and abroad range of wavevectors above the
SPP which are called Lossy Surface Waves (LSW).

If we make azoom to identify the shape of SPPin
Fig. 2 (a), we clearly observe in Fig. 2 (b) a
Lorentzian-type shape curve centered at u=1.048
which perfectly matches the value from Eq. (1). More
information can be deduced from this curve. Asit is
well known [44], the SPPisa purely coherent mode so
that it isonly limited by Fourier Transform. Therefore,
the width in wavevector (Au) isrelated to theintensity
decay length of the SPP (Lspp). The relationship in the
case of aLorentzian-type shape is given by:

A
Lep =—— 15
= AU (15)
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With the value deduced in Fig. 2 (b), we extract a
propagation length of 20 um. The Purcell factor
presented in Fig. 2 (c) is decreasing with the distance
z and then make a few oscillations around 1. As the
distance z is increasing, the number of optical modes
are decreasing. Oscillations appear from interferences
of the light emitted by the dipole and its reflection.
From the power, we extract the B-factor to the SPP as
previously explained. In Fig. 2(d), the maximum
efficiency that is found is around 90 % for a distance
of 100 nm. This very high absorption into SPP comes
from the vertical orientation of the dipole [45].

4. Purcell Effect near a Confined Gold
Film: the L ong-range Surface Plasmon

In the previous part, we discussed about the
coupling of the dipole near a gold mirror. A gold
mirror is a good approximation when the gold
thickness is more than 5 times the skin depth of the
metal [45]. In this part, we analyze the case of agold
film which size is similar to the skin depth. If we
position the radiating dipole above the thin gold layer,
a new plasmonic channel is opened. Indeed, the
surface will now support one SPP on each interfaces
[25]. This case becomes more interesting when the
insulators surrounding the gold layer possess the same
optical index as we will show in the following. In
Fig. 3, we simulate the dissipated power of the
dipole located in the glass above a thin gold layer
(20 nm thick).

(a) (b)
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E 150
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u u
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4 1
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o 05
TR
15
1
05
o 300 600 a00 1200 o 300 B00 200 1200
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Fig. 3. Smulations of the power dissipated by a vertical
dipole in the glass near avery thin gold layer. (a) Dissipated
power as function of u for z=10 nm. (b) Zoom of the
dissipated power around the LRSPP mode around
uLrspr=1.544. (c) Evolution of the Purcell factor with the
vertical distance z. (d) Coupling efficiency tothe LRSPP and
SRSPP modes as function of the distance.

When the optical indices around the thin gold layer
are the same, the SPP on each side possesses the same
momentum so that SPP hybridization occurs[36]. This
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phenomenon is similar to the case of bonding and
antibonding of the wave functions in a molecular
system or in strong coupling in quantum physics. Asa
consequence, two new SPPs arise: the long-range
(LRSPP) and short-range (SRSPP) surface plasmons.
In Fig. 3, we clearly observe that the dipole located at
10 nm from this surface excite these two modes with
different width Au. From Fig. 3(a), we identify the
mode with smaller width (located at u=1.544) to the
long-range plasmon whereas the other mode (at
u=2.16) is caled the short range plasmon. It is
important to highlight that a strong width reduction
occurs for the case of long-range as presented in
Fig. 3(b). From the width in u, we deduce that the
propagation length of the long-range and short range
plasmon are respectively 100 um and 1 um. The
evolution of the Purcell factor in Fig. 3(c) is very
similar to the one in the case of the gold mirror in
Fig. 2(c). Indeed, the device does not create new
modes but split the initial mode in 2 but with different
amplitudes. This last observation is also valid for the
coupling efficiencies presented in Fig. 3(d). The short
range plasmon is located at very small distance to the
interface (42 nm) with a maximum efficiency of 56 %
whereas the long-range plasmon maximum
efficiency is around 42 % for a distance farther to the
interface (225 nm).

For many applications which need a longer
propagation  constant such as  integrated
interferometers for example, the long-range mode is
particularly interesting. This mode has the same
properties of the SPP (same Purcell factor) and
propagates 5 times farther.  Nevertheless,
the maximum coupling efficiency is only 42 %
at maximum.

5. Coupling a Dipoleto a Finite Gold
Film Deposited Onto a Glass Substrate

Inthislast part, we focus on arealistic device with
finite size layers surrounding the thin gold film. We
will describe how to optimize the structure depending
on the purpose of the desired applications. The whole
structure is deposited on a prism of higher index to
allow the extraction of the plasmon mode. This
experimental scheme is aso caled the Otto
configuration [25, 46].

5.1. Schematic of a Realistic Device

In order to clarify the design of the multilayer
structure, we display, in Fig. 4, a scheme of the
modeled structure. We set a prism of high optical
index (n=1.8) which can be made with LaSF glasswith
low absorbance for the visible wavelength [40]. The
gold layer has a thickness of 30 nm and is sandwiched
between two glass layers (n=1.5) of thickness 750 nm.
The glass layer above the prism is denoted the
coupling layer as it sticks the gold and the prism. The
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top glass layer will be called the cladding layer. The
whole deviceissetintheair.

(a) (b)

+ LRSPP
glass P-Tz d, SRSPP
iE
gold 15 B 1o
Ay
glass d,
- v
prism 104
0 1 2 3 4

Fig. 4. (a) Schematic of the device under consideration. The
dipole (red arrow) is placed in the upper glass at adistance z
from the gold. The gold layer thickness is 20 nm and the
glass thicknesses are respectively di=750nm and
d>=750 nm for the top and bottom. The prism is semi-
infinite. (b) Dissipated power o of the dipole at z=10 nm.

We also present in Fig. 4(b), afirst calculation of
the power dissipated by the dipole placed at 10 nm
abovethegoldinsidethetop layer. The situationisthe
same asin Fig. 3 except that the glass possesses finite
size. The result shows that complimentary to the
2 previously identified plasmonic modes (long-range
and short-range), new modes appear at smaller
wavevectors u. The wavevector of these modes lies
between the air (u=1) and the glass (u=1.5). This
particular case is very similar to the presence of
waveguided modes in which the effective index of
these modes lies in the interval between the optical
index of the outside and the optical index of the
internal part of the guide [47].

In order to validate the hypothesis of the
appearance of waveguided modes and to highlight the
dependence of these modes onto the parameters of the
device, we present some calculation to optimize the
modal structure.

5.2. Structure Optimization

The number of variable parameters become more
important in the device's scheme of Fig. 4(a). We
present in Fig. 5, a complimentary simulation. As
explained in the description of our model, we need to
calculate the Fresnel reflection coefficients. In the case
under investigation in Fig. 4(a), we caculate the
reflection coefficient R, (in power) as function of the
cladding layer (d) for different incident wavevector u.
In this prism configuration, the incident angle 6 is
defined as: u=nsin(0). The light is sent through the
prism of index n=1.8. Thislight is propagative so that
the maximum in-plane wavevector u is 1.8. The
coupling layer (dy) isfixed with avalue d,=750 nm.

In Fig. 5, we clearly identify the LRSPP which is
located above u=1.5 and the WGM which are located
for u in the interval [1-1.5]. This result shows that
depending on the chosen thickness d;, the number of
guided modes change. One particularly interesting

point isthat the wavevector of the WGMs change with
the thickness. As u also represents the effective index
of the mode, we see that when d; is increasing, the
effective index of the WGMs tends 1.5 which is the
optical index of the glass.

Fig. 5. (a) Evolution of the reflected intensity Rp as function
of di and u in an Otto-prism configuration. WGM:
WaveGuided Modes. LRSPP: LongRange Surface Plasmon
Polariton. The vertical white dashed line represents u=1.5.

As this map is useful to design devices with
controlled number of modes for future applications,
we give an example. If wetake a cladding thickness of
h=750 nm, we cross 2 WGMs and the LRSPP. This
case corresponds to the result obtained in Fig. 4 when
the dipole, inserted inside the device, has excited
2 WGMs, the long-range and short-range plasmons.
The profiles of the different modes of this device are
also reconstructed as explained by Eq. (14) and
displayed in Fig. 6 as function of the vertical distance
z within the device.

SRSPP WGM?2

Z 5B

a =

Fig. 6. Mode profiles (continuous red line) of the 4 modes
available. The green, blue and yellow layers represent
respectively the prism, the glass and the gold.

WGM1

The profile of each mode is in good agreement
with the previous analysis. The plasmonic modes
(LRSPP and SRSPP) display exponential decaysfrom
the gold layer whereas the WGM present oscillations
according to their order. Due to the symmetry of the
device, the fundamenta modes WGM1 is not
exactly centered in the middle of the dielectric.
Oscillations are also observed in the lower dielectric

(coupling layer).
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5.3. Influence of the Waveguided M odes
on the Purcell Factor and Coupling
Efficiencies

In the previous sub-part, we have presented how to
optimize the number of waveguided modesin thefinal
device by analyzing the evolution of the Fresnel
reflection coefficient with the device parameters. We
keep the same conditions d;=d>=750 nm in order to
excite 2 waveguided modes (WGMs), the short-range
(SRSPP) and long-range plasmon (LRSPP). Fig. 7
presents the Purcell factor and B-factors for this
optimized structure as function of z for a vertical
dipole located inside the cladding layer. Each mode's
wavevector u has been identified in the dissipated
power o(u), in Fig. 4 (b), and the coupling efficiency
isthen calculated with Eq. (13).

(a) (b)

351 —+—SRSPP
——LRSPP
—WGM1

— e WGM2

251
w24 '
151 }
0.5: . P —— 5
0 02 04 06 08 1 0 05 1
z/d, z/d,

Fig. 7. (a) Purcell factor and (b) B-factors as a function
of dipole-gold distance z normalized to the cladding
thickness di=750 nm. The acronyms SRSPP, LRSPP and
WGM are defined in the text.

The curve of the evolution of the Purcell factor in
Fig. 7(a) isdifferent than the previous one of Fig. 3(c).
For small distances (z<0.2d,), we observe the same
evolution if the layers are infinite. Indeed, at small
distances, the evanescent waves are not perturbed by
the finite thickness (d;=750 nm) so that the LDOS in
this region is the same. An increase is observed for
higher distances to the gold. Indeed, in this device,
waveguided modes appear due to the presence of finite
glass layers. These modes are propagative and are
more located in the center of the dielectric as presented
in Fig. 6. Therefore, we observe an increase of the
LDOS around the middle of glass layer.

The coupling efficiencies to the long-range and
short range plasmon in Fig. 7(b) are not modified.
These are evanescent waves linked to the gold layer
and are not perturbed by the presence of the
waveguided modes. As previously explained, we have
optimized this device to possess 2 WGMs. The
optimal coupling distance to each mode depends on its
order as seen in Fig. 7(b). For example, the
fundamental guided mode (WGM1) isnearly centered
inside the glass layer. Note that the asymmetry of
WGM comes from geometry of the device. Finaly, in
this particular example, the coupling efficiency to
WGML1 is around 40 % which is similar to the B of
the LRSPP.
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6. Conclusion

In this paper, we have presented the model to
calculate the modification of the spontaneous emission
of a dipole near multi-layer structures. The radiated
emission is characterized by the Purcell factor and the
coupling efficiency to the desired optical modes. Inthe
case of plasmonic structures, the Purcell factor can be
important at very short distance due to an important
density of optical states. Nevertheless, al the emission
will be dissipated in lossy modes. A compromise can
be found with the coupling distance where the
Purcell factor is till important and the emission is
efficiently coupled to the desired mode without too
important losses.

In particular, we focused our work onto the Surface
Plasmon Polaritons excited on a gold mirror or a thin
gold layer between insulators. In the late case, new
plasmons arise from the coupling between each
interface. A specific mode called the long-range
plasmon can be excited with nearly 50 % of efficiency
which possess a propagation length of 100 pm for
visible wavelengths. At the end, we presented a
realistic structure composed of finite size layers
deposited on a substrate. In this case, new optical
modes appear from the insulators. We have shown that
these new modes are waveguided waves. We
presented an optimization of the structure in order to
control the number of waveguided modes availablefor
the dipole. This particular case is very promising for
integrated nanophotonic devices as it possesses many
modes linked to the metal or the insulator with
propagation length of afew 100 pm.
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