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Abstract—In general, plasmonic waveguides exhibit a tradeoff
between propagation loss and mode confinement—the smaller the
mode size, the higher the propagation loss. We compare the confine-
ment and loss of three commonly used plasmonic waveguides. We
define two distinct figures of merit based on application for which
the plasmonic waveguide is designed: 1) applications which require
high power density and 2) applications which require high lateral
packing density. The first figure of merit is based on the power
density and propagation loss, whereas the second depends on the
coupling length and the propagation loss. We have identified the
relative advantages and limitations of the plasmonic waveguides
for these different applications.

Index Terms—Photonic integrated circuits, plasmonic wave-
guide, propagation losses, mode confinement.

I. INTRODUCTION

IN RECENT years, sub-wavelength confinement of light has
attracted much attention due to potential applications in

on-chip interconnects and bio-sensing. A dielectric waveguide,
with a high refractive index contrast can dramatically increase
the mode confinement; however, the mode size achievable in
a dielectric waveguide is still limited by diffraction [1]. An-
other approach to achieving a high mode confinement is based
on the use of plasmonics; i.e., the application of surface plas-
mons polaritons (SPP). Waveguides based on SPP can break the
diffraction limit associated with dielectric waveguides and a sub-
wavelength confinement can be achieved. The plasmonic wave-
guide have become popular because of a combination of features
including: high field intensity at the metal interface, resonant be-
havior, slow group velocity and the ability to confine light on
the nanometer scale [1]–[3]. Many different kinds of plasmonic
waveguides have been proposed [4]–[7] and many applications
have been suggested [8]–[13] to utilize these properties. Un-
like dielectric waveguides for which the propagation loss can be
negligible, the presence of metal as part of the guiding structure
makes plasmonic guides highly lossy; thus limit the propaga-
tion length of a plasmonic waveguide [1]. To realize the full
potential of plasmonic waveguides, either in sensing, nonlinear
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Fig. 1. Schematic depiction of (a) the dielectric loaded surface plasmon wave-
guide, (b) the plasmonic slot waveguide, (c) the hybrid plasmonic waveguide,
and (d) the silicon waveguide.

applications or interconnects, it is important to compare dif-
ferent plasmonic waveguides and identify the best design for a
particular application.

The purpose of this work is twofold. The first objective is
to investigate the characteristics of some important plasmonic
waveguide configurations. Our second objective is to compare
different plasmonic waveguides based on the results obtained
from our analysis. In particular, we consider the use of plasmonic
waveguides for a nonlinear or sensing application where a high
optical power density is required and an integration application
where multiple waveguides need to be placed in close proximity.

There are many different kinds of plasmonic waveguide
which have been proposed in last few years. Here we compare
three popular plasmonic waveguides, as shown schematically in
Fig. 1(a)–(c): dielectric loaded plasmon waveguide (DLSPW),
plasmonic slot waveguide, and hybrid plasmonic waveguide
(HPWG). The DLSPW is a typical single interface plasmonic
waveguide which offers confinement using the single metal in-
terface, the plasmonic slot waveguide can further squeeze the
mode by using two metal interfaces, and the HPWG uses the
coupled plasmonic and dielectric mode to confine the light. We
intend to compare the relative performance of these guides. In
addition we also intend to compare the performance of these
waveguides with those of a typical silicon waveguide as shown
in Fig. 1(d). The performance of the silicon waveguide will
be used as the reference to assess if the plasmonic waveguides
really offer some advantages over purely dielectric waveguides.

The paper is organized as follows. In Section II we review
the criteria used in our work for the evaluation of the plasmonic
guides and explain the rationale for choosing these criteria. In
Section III we investigate the guided power density and confine-
ment of the guides shown in Fig. 1. In Section IV we compare
the lateral density achievable for these waveguides. Section V
summarizes the results presented in Sections III and IV, and
Section VI discusses the relative advantages and limitations of
these waveguides.
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II. METHOD OF COMPARISON

A comparison of the mode confinement ability of different
waveguide configurations is often necessary for integrated optics
to help decide which structure is best for a particular applica-
tion. The modes in a waveguide exhibit a decay of field intensity
in the cladding and technically have an infinite extent and need
criteria to evaluate the mode size. The mode profiles for di-
electric waveguides generally have a regular elliptical shape;
and their guiding ability can be described conveniently using
the concept of effective mode area [14], [15]. Sometimes for
elliptical shape modes in a dielectric waveguide, the mode size
could be defined as where the intensity has fallen to 1/e2 of the
central peak value [16]. Unlike a typical dielectric waveguide
the shapes of the modes supported by plasmonic waveguides
are usually more complicated, and as a result defining the area
used for mode size calculation is more challenging. Because of
the shallow penetration depth of the field of the metal, there
is a sharp mode profile transition at the metal-dielectric inter-
faces. The 1/e field magnitude contour is used for mode size in
[17] with limited success to specific waveguides. Four types of
definitions of mode size have been introduced in [18], and the
conclusions reached from using these definitions do not agree
with each other [18]. Another often used criterion is the confine-
ment factor [19]. In general power is concentrated in the high
index region for dielectric waveguides. Confinement factor for
dielectric waveguides therefore, is an indication of the power
confinement in high index core for such guides. The definitions
of confinement factor have also been used for comparing plas-
monic waveguides but limited to comparing modes in the area of
the same dimensions [20]. As a result, evaluation of plasmonic
guides for various applications can be a challenging task.

One consideration for integrated photonic circuits is the evalu-
ation of the bend loss versus bend radius. Comparison of several
plasmonic waveguides based on this criterion has been reported
in [21]. For the sake of brevity this topic will not be further dis-
cussed here. Another concern is the amount of power coupling
between two adjacent waveguides [22], which is used to evalu-
ate the mode lateral extension (or crosstalk) for both dielectric
and plasmonic waveguides. For the plasmonic waveguide, the
change of structures or dimensions not only alters the crosstalk
but also the propagation losses; however, there is no detail com-
parison in literature based on this.

Here our proposed comparison methods are based on specific
applications, i.e., applications where high power density and/or
on-chip packing density is concerned. For all the comparisons,
we include the effect of the propagation loss since it is one of the
major performance limiting factors for plasmonic waveguides.

We should point out that the focus of this work is to discuss
the general characteristics of various plasmonic waveguides,
which will help a designer to choose the proper waveguide for
a particular application. Therefore, we have not discussed any
specific device in this work. The details of various device designs
can be found in existing literature, for example [23], [24].

A. Criteria Based on Power Density

In many applications of plamsonics such as nonlinear optics
[9], [10] and biosensing [11]–[13] a the high power density is

required to maximize the interaction. For such applications, in
addition to having a small mode size, it is also important to
confine the power in a specific area of the waveguide region.
For example, a typical application of the DLSPW would prob-
ably require power confinement in the high index core marked
by the dotted line in Fig. 1(a). Application of the slot wave-
guide, on the other hand will most likely require the power to
be concentrated in the slot region indicated by the dotted line in
Fig. 1(b). A typical application of HPWG would require high
power concentration in the region between the silicon and metal
indicated by the dotted line in Fig. 1(c). It is unlikely that one
would intend to use HPWG for confining light in the high in-
dex medium which can be achieved in much simpler manner
as shown in Fig. 1(a) and (d). In order to compare the different
types of plasmonic guides, instead of defining mode size as in
[16]–[18] or figure of merit as in [17], we are more interested in
the region where we want the power to be confined. The dotted
areas in Fig. 1 show the typical areas where light would require
to be confined for various plasmonic guides.

We use two other criteria: the power confinement factor (Γ)
and the power density (D) in the area of interest. For the power
propagating in the waveguide along the z-direction, the con-
finement factor Γ is defined as the fraction of power confined
in region i [the area of interest marked by the dotted lines in
Fig. 1(a)–(d)] according to [19]

Γ =

∫ ∫
i |< Sz (x, y) >| dxdy

∫ ∞
−∞

∫ ∞
−∞ |< Sz (x, y) >| dxdy

. (1)

Here, Sz is the time-averaged Poynting vector along the z-
direction.

The confinement factor alone is not enough to evaluate the
usefulness of particular waveguide geometry. In addition to hav-
ing a large Γ it is also important to have high power density D in
the area of interest. To evaluate this we define the power density
D in the following manner:

D =
Γ · Ptotal

Ai
. (2)

Here, Ai is the area enclosed by the dotted lines in Fig. 1(a)–
(d) and Ptotal is the total guided power, which is normalized to
1 mw in the present case.

B. Criteria Based on Lateral Confinement

Another area where plasmonic waveguides have been pro-
posed is that of on-chip communication systems which are
compatible with silicon CMOS. Achieving a high device density
without causing significant crosstalk is important for such appli-
cations. A good indication of lateral packing density is based on
the coupling length (Lc ), i.e., the distance over which complete
power transfer happens for adjacent waveguides. Lc is given by
the following expression:

Lc =
λ

2 |ne − no |
. (3)

Here, ne is the refractive index for the even mode and no is
the refractive index for the odd mode. The larger the coupling
length, the lower is the crosstalk between guides and the higher
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Fig. 2. Variation of (a) confinement factor and (b) power density with dimen-
sions for the silicon waveguide.

is the achievable packing density for a given level of crosstalk.
In this work we will compare the packing density achievable for
various plasmonic guides in terms of their coupling lengths.

In the next two sections we use the criterion defined above
to evaluate the performance of the waveguides shown in Fig. 1.
We use commercial finite difference software Lumerical Mode
Solutions to analyze the effects of waveguide dimensions on
the performance of the guide. The wavelength of operation is
1.55 μm and properties of silver and silicon are taken from [25]
and [26] respectively.

III. CONFINEMENT AND POWER DENSITY

OF VARIOUS WAVEGUIDES

A. Silicon Waveguide

Fig. 2 shows the effect of waveguide dimension on the con-
finement factor and power density for a silicon waveguide with
a square cross section. As shown in Fig. 2(a), as the size of the
silicon core becomes larger; more power is confined in the core.
The power density in the core is a maximum for an optimum
choice of waveguide dimensions, as shown in Fig. 2(b). Silicon
waveguide can confine up to 80% power in the core. Power
density (D) corresponding to this confinement is approximately
7 mw/μm2. The highest power density (D = 8 mw/μm2) is
achieved for d = 300 nm, and the corresponding confinement is
70%. As we will see in later sections, the power density achiev-
able for silicon waveguides is much lower than that achievable
for plasmonic guides.

As we talk about the confinement ability of a dielectric wave-
guide, one popular structure that can provide strong confinement
in the low index region is the silicon slot waveguide. The op-
tical power inside the slot and corresponding average optical
intensity (similar to the power density in this paper) have been
carefully analyzed in [27]. For the slot waveguide of dimensions
50 nm ×300 nm, the power density inside the slot is 20 mw/μm2

[27]. It will be shown in the later sections that the power density
in the low index regions of the HPWG and the plasmonic slot
waveguide has been increased because of the existence of metal,
although at the cost of increased propagation losses.

B. Dielectric Loaded Surface Plasmon Waveguide

The DLSPW consists of a high index material on plasmonic
metal. The power is confined to the high index core close to
metal surface. Although the core can be made of a variety of

Fig. 3. Variation of (a) confinement factor, (b) power density, and (c) propa-
gation loss as a function of d, and (d) power density versus propagation loss for
different w for the DLSPW.

materials, e.g., silicon, polymer, or silica, the highest confine-
ment is achieved when the core is a high index material like
silicon. Therefore, in this work we chose to examine the DL-
SPW consisting of a silicon slab on a silver surface [4]. Fig. 3(a)
and (b) show the confinement and power density achievable for
the DLSPW. The confinement is comparable to silicon waveg-
uides. For example for a DLSPW with dimensions of w = 200
nm, d = 150 nm, about 75% power is confined in the core, as
shown in Fig. 3(a). The corresponding cross section is smaller
than that of a silicon waveguide for similar confinement and
as a result, the power density is higher (D = 25 mw/μm2), as
shown in Fig. 3(b). For a very small waveguide dimensions the
confinement factor and the power density is low because most
of the power leaks out to low-index cladding. The power then
becomes more confined in silicon for larger dimensions. When
d continue increases, the power density drops again due to a
larger core. Fig. 3(c) shows the propagation loss. The relation
between the propagation loss and the power density are plotted
in Fig. 3(d).

C. Plasmonic Slot Waveguide

The Plasmonic slot waveguide consists of two finite height
metal films separated by a small gap. Since the field cannot
penetrate into the metal, the mode is highly confined in the gap
between two metal walls. As shown is Fig. 4(a), even for a
narrow slot, the power is highly confined in the slot region. For
a slot as small as 150 nm × 30 nm, approximately 65% power is
confined in the slot region. The corresponding power densities
are shown in Fig. 4(b). The high power confinement in a small
gap area results in a very high power density. However, as shown
in Fig. 4(c), this high power density is achieved at the price of
a very large propagation loss. In order to show the relation of D
and loss, we plot the relation of power density with associated
loss for different metal height in Fig. 4(d).
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Fig. 4. Variation of (a) confinement factor, (b) power density, and (c) propa-
gation loss as a function of g, and (d) power density versus propagation loss for
different d for the plasmonic slot waveguide.

D. Hybrid Plasmonic Waveguide

The mode supported by the HPWG is the result of coupling
between surface plasmon and dielectric waveguide mode. Power
in this guide is confined in the low index region (spacer) between
the metal and high index medium. The mode properties are
affected by waveguide width (w), thickness of spacer region
(g) and thickness of high index region (d). In this work we
have fixed waveguide width to 200 nm since for this width, the
HPWG provides good confinement, higher power density and
relatively lower propagation distance. We have varied the other
two dimensions (d and g) and investigated their effects on modal
characteristics.

For a thin silicon layer (small d), the waveguide behave like
a pure plasmonic waveguide and most of the power spreads out
to the upper cladding layer, thus the power inside the spacer
is low, as shown in Fig. 5(a). As the height of the waveguide
d increases, the mode becomes more hybrid in nature and the
waveguide begins to confine more power inside the spacer re-
gion. The highest value is reached when d = 150–200 nm.
Further increase d causes the electric field to move into the
silicon and the waveguide becomes similar to a dielectric wave-
guide. This results in a reduction in confinement factor in the
spacer. At the same time, increasing the gap from a very small
dimension (g = 10 nm) increases the power inside the gap, un-
til the gap becomes too large and confinement is lost. Because
the area of gap region is different, smaller gap as g = 10 nm
has the highest power density and highest propagation loss, as
shown in Fig. 5(b) and (c). The relation of power density versus
propagation loss for hybrid mode (g = 10−100 nm) for fixed d
is shown in Fig. 5(d).

IV. COUPLING LENGTHS OF VARIOUS WAVEGUIDES

As mentioned in Section II, we have chosen coupling length
as the criterion for evaluating the density of integration achiev-

Fig. 5. Variation of (a) confinement factor, (b) power density, and (c) prop-
agation loss as a function of d for different g, and (d) power density versus
propagation loss for different d for the HPWG.

Fig. 6. Structures analyzed in this work for estimation of crosstalk. (a) Sil-
icon waveguide. (b) Dielectric loaded surface plasmon waveguide. (c) Hybrid
plasmonic waveguide. (d) Plasmonic slot waveguide. (e) 90° rotated HPWG.

able for various waveguides. We compare the coupling length
for identical waveguides separated from each other by the same
distance (D) as shown in Fig. 6. We have considered two dif-
ferent configurations of the HPWG (see Fig. 6(c) and (e)). The
reason for this will be explained later in section.

Two supermodes (even and odd) are supported by two closely
spaced identical waveguides. The propagation loss of these two
modes is slightly different but quite close. Similar to [28] we
define the propagation loss as the average of that of the even
and odd modes.

A. Silicon Waveguide

The coupling length of the silicon waveguide with different
center-to-center separation D has been analyzed in [24]. Here
we present a similar analysis for the silicon waveguide as a
reference. Fig. 7(a) shows the coupling lengths of two rectan-
gular silicon waveguides separated by 1 μm center-to-center
spacing for various waveguide dimensions. Fig. 7(b) shows the
coupling lengths for the same waveguide dimensions but with
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Fig. 7. Variation of the coupling length (Lc ) as a function of w for different d
for silicon waveguide of square cross section. (a) D = 1 μm; (b) D = 600 nm.

Fig. 8. Variation of the (a) coupling length (Lc ) and (b) propagation loss as
a function of w for different d, and (c) loss versus Lc for the DLSPW with
D = 1 μm. Variation of the (d) coupling length (Lc ) and (e) propagation loss
as a function of w for different d, and (f) loss versus Lc for the DLSPW with
D = 600 nm.

a reduced waveguide spacing (D = 600 nm). A reduction in
the waveguide spacing drastically reduces the coupling length.
It has been pointed out in [29], Lc increases first and then de-
creases when w increases for a fixed separation distance D. The
reason is, when w increases, the power is more confined to the
waveguide core region; however, further increase w results in a
very small gap (D − w) between the parallel waveguides, the
coupling between the waveguides becomes stronger. For a wave-
guide that matches the single mode condition (for example, for
d = 300 nm, w should be smaller than 400 nm), the largest Lc is
about 500 μm for D = 1 μm, and largest Lc is less than 20 μm

for D = 600 nm. For all the plasmonic waveguides analyzed
later, we will also use D = 1 μm and D = 600 nm to evaluate
the integration density properties.

B. Dielectric Loaded Surface Plasmon Waveguide

Fig. 8 shows the coupling length (Lc ) and propagation loss
of the DLSPW for a range of dimensions. As d or w increases,
the core becomes larger and more power is confined in the
core, which results in increase in Lc . However, for a fixed d,
further increase in w results in a smaller gap between the two
waveguides, which results a decreasing Lc . At the same time,
increasing w leads the mode to extend more in lateral direction;
thus the mode is affected more by the presence of the metal
surface and the propagation loss increases. Comparison results
for D = 1 μm in Fig. 8(a) show a larger Lc for a larger w when w
is smaller than 300 nm. Fig. 8(b) shows a larger w associated with
a larger propagation loss. Fig. 8(c) shows the relation between
loss and Lc for smaller waveguide width (w = 150−300 nm)
for D = 1 μm. Fig. 8(a)–(c) also shows a larger d gives a better
lateral confinement and less propagation loss. A similar trend is
also observed for D = 600 nm (see Fig. 8(d) to (f)).

C. Hybrid Plasmonic Waveguide

In the HPWG a significant amount of light is confined in the
low index spacer layer between the metal and the high index re-
gion. The level of light confinement depend on the dimensions
d, w and g. From our analysis we found that d = 300 nm pro-
vides good confinement at modest propagation loss, while also
ensuring single mode operation. To keep the discussion brief,
we do not present a detailed analysis of the effects of d on the
waveguide performance. Instead we present the results of our
analysis on the effect of varying w and g for fixed d (d = 300
nm). Fig. 9 shows the relationship of w with Lc and propagation
loss for different g = 10, 20, 50, and 100 nm. For a fixed value
w, when g increases, both Lc and the propagation loss decrease
because the mode is less confined in the gap and extends more
into the silica cladding layer. At the same time, for the same
g, increasing w leads the mode to be confined in a larger core,
which in turn increases Lc . Similar to other waveguides, for a
very small D (D = 600 nm) further increasing w (w increased
to 250–350 nm) results in a much closer distance between the
two waveguides, which results a decreasing in Lc .

D. Plasmonic Slot Waveguide

The plasmonic slot waveguide confines the mode inside the
dielectric slot between two metal walls. Due to the very small
penetration depth into the metal, most of the light coupling
to the other waveguide is via the dielectric cladding. Such a
waveguide with thicker metal (larger d) has a smaller cross talk
(larger Lc ). Similarly, the waveguide with a narrow gap (smaller
g) also helps to confine more power inside the slot and results
in a larger Lc . as shown in Fig. 10(a) and (d). Accordingly, for a
fixed value d, when g increases, the mode is less well confined
in the gap and leaks into the cladding layer, and results in a
lower loss as shown in Fig. 10(b) and (e). It has been shown
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Fig. 9. Variation of the (a) Coupling length (Lc ) and (b) propagation loss
as a function of w for different d, and (c) loss versus Lc for the HPWG with
D = 1 μm. Variation of the (a) Coupling length (Lc ) and (b) propagation loss
as a function of w for different d, and (c) loss versus Lc for the HPWG with
D = 600 nm.

in Fig. 10(c) and (f), Lc is could be very large for the slot
waveguide though with high loss.

E. Hybrid Plasmonic Waveguide With a 90° Rotation

We have noticed the lateral confinement for the HPWG of
Fig. 6(c) is comparable to the silicon waveguide in the previous
sections. The reason is that the metal provides confinement in the
vertical direction and does not greatly influence the confinement
in the lateral direction. Here we consider a configuration where
the HPWG structures are rotated by 90° as shown schematically
in Fig. 6(e); in this case the metal wall can enhance the lateral
confinement, which is similar to the slot waveguide. We have
optimized and fixed w = 200 nm to calculate the relationship
of g with Lc and Propagation Loss for fixed d = 200, 300 and
400 nm. One limit with this structure is that with a small D and
large g, the 90° rotated HPWG (noted as HPWG_90 for short)
starts supporting the hybrid modes between the two waveguides
and this configuration is not very suitable. Therefore for D =
600 nm, g should be smaller than 50 nm.

The results of this analysis are shown in Fig. 11. It shows a
similar trend to the plasmonic slot waveguide. For a fixed value
d, when g increases, both Lc and Propagation Loss decreases,
because the mode is less confined and leaks into the cladding
layer.

Fig. 10. Variation of the (a) coupling length (Lc ) and (b) propagation loss as
a function of g for different d, and (c) loss versus Lc for the slot waveguide with
D = 1 μm. Variation of the (d) coupling length (Lc ) and (e) propagation loss
as a function of g for different d, and (f) loss versus Lc for the slot waveguide
with D = 600 nm.

V. DISCUSSIONS

In the previous two sections we have analyzed the character-
istics of silicon waveguide and various plasmonic waveguides
in detail. Here we summarize the results of these results and
compare the performance of various waveguides.

A. Comparison of Power Density and Confinement of Various
Plasmonic Waveguides

In Section II we have presented a detailed discussion of power
confinement and guided power density of various waveguides
for various choices of waveguide dimensions. As we have seen
from that discussion, for all plasmonic waveguides, an increased
power density is always accompanied by an increased propaga-
tion loss. To determine which waveguide offers the best tradeoff
between loss and power density, we have plotted the power
density achievable for the different plasmonic waveguides as a
function of the corresponding propagation loss in Fig. 12(a).
For clarity we choose one typical case for each waveguide. The
arrows in Fig. 12 indicate increasing dimensions (d or g). For
the DLSPW the width (w) is fixed at 200 nm and the height of
the silicon layer (d) is varied from 150 to 300 nm. The corre-
sponding D for the DLSPW varies from 13 to 24 mw/μm2

. For
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Fig. 11. Variation of the (a) coupling length (Lc ) and (b) propagation loss as
a function of g for different d, and (c) loss versus Lc for the HPWG_90 with
D = 1 μm. Variation of the (a) coupling length (Lc ) and (b) propagation loss
as a function of g for different d, and (c) loss versus Lc for the HPWG_90 with
D = 600 nm.

Fig. 12. (a) Normalized power density versus propagation loss for three types
of plasmonic waveguides. (b) Confinement factor versus propagation loss for
three types of plasmonic waveguides.

the slot waveguide, the metal thickness (d) is fixed at 100 nm
and the slot width (g) is varied from 30 to 100 nm. This guide
can provide the highest power density which can be approxi-
mately 200/μm2. For the HPWG, both the width (w) and silicon
thickness (d) have been fixed at 200 nm and the gap (g) is var-
ied from 10 to 100 nm. The power density achievable for the
HPWG is higher than the DLSPW but lower compared to the
slot waveguide. However, for a given power density the propa-
gation loss of the HPWG is much lower compared to the other
types of plasmonic guides.

Fig. 13. (a) Coupling length (Lc ) versus propagation loss with D = 1 μm
for the DLSPW, the Plasmonic slot waveguide, the HPWG, and the HPWG_90.
(b) Coupling length (Lc ) versus propagation loss with D = 600 nm for the
DLSPW, the Plasmonic slot waveguide, the HPWG, and the HPWG_90.

Plasmonic waveguides also exhibit a tradeoff between con-
finement and propagation loss. Fig. 12(b) shows the confinement
factor achievable for the plasmonic guides under consideration.
The dimensions chosen are same as those in Fig. 12(a). The
confinement is best for the DLSPW (85%) and comparable to
that achievable from silicon nanowire waveguide. The confine-
ment is relatively low for the HPWG (up to 30%) compared to
the other guides but its propagation loss is also much lower.

From the analysis above we observe that the confinement of
the DLSPW is very similar to the silicon waveguide, but it suffers
from a very high propagation loss. Therefore, DLSPW may not
be a suitable choice for applications where a high power density
is required, for example in nonlinear optics. The slot waveguide
can achieve very high power density and good confinement but
the propagation loss is also very high. HPWG is a compromise
in the sense that it has significantly lower loss but still can
provide high power density and moderate confinement. The
choice between HPWG and slot waveguides should depend on
the relative importance of power density and power confinement
for a specific application.

B. Comparison of Coupling Lengths of Various
Plasmonic Guides

Fig. 13(a) and (b) show coupling length and propagation loss
achievable for various waveguides for waveguide spacing (D) of
1 μm and 600 nm, respectively. For clarity we choose one typical
case for each waveguide. Similar to the figures of Section V-A,
the arrows in Fig. 13 indicate increasing dimensions (g
or w). As Fig. 13(a) indicates, for D = 1 μm, for a given
coupling length, the 90° rotated HPWG provides the best com-
promise between crosstalk and propagation loss. In Fig. 13(b)
The HPWG exhibits low loss like the previous case (Fig. 13(a))
but in this case the coupling length is much less than the plas-
monic slot waveguide. The slot waveguide can achieve a very
high density of integration, though at the cost of a very large
propagation loss. Thus for a highly dense packaging, the slot
waveguide shows its advantages over others.

VI. CONCLUSION

We have analyzed and compared the performance of three
popular plasmonic waveguides in terms of power density,
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coupling lengths and propagation loss. Several conclusions can
be reached from this analysis, especially about the applications
of these waveguides in high power intensity and high packing
density optical devices.

We found that DLSPW can confine a large amount of the
power inside silicon region, but the corresponding power den-
sity is low. Therefore it may not be a very attractive choice for
applications need high power intensity like nonlinear applica-
tions. The slot waveguide can achieve very high power density
with larger loss. The power density achievable for the HPWG is
higher than the DLSPW, but is lower than the slot waveguide;
however, for a given power density level, the propagation loss
of the HPWG is much smaller.

Regarding the achievable density of integration, the plas-
monic slot waveguides can achieve very high packing density,
which is not possible by other types of plasmonic waveguides
but this large packing density comes at the cost of very large
propagation loss. HPWG offers longer coupling length for a
lower propagation loss. For the same propagation loss the pack-
ing density achievable is better than that for the case of slot and
DLSPW unless the waveguide spacing is too small.
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