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Abstract: Strong optical responses of atomically thin two-dimensional (2D) semiconductors
make them attractive candidates for integration into various photonic and optoelectronic struc-
tures. We discuss some fundamental effects of such integration into planar dielectric waveguides
by demonstrating that a substantial modification of the spectrum of waveguide modes can occur
due to high in-plane polarizability of 2D layers. Our calculations illustrate both the concep-
tual possibilities associated with sharp excitonic resonances as well as the results obtained with
the experimentally assessed polarizability of monolayer MoS2 over a broad spectral range. We
point out that waveguide structures could also enable the tunable absorption by 2D semiconduc-
tors of the light that propagates along them, a modality quite different from the traditional light
harvesting geometry.
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OCIS codes: (130.2790) Guided waves; (240.5420) Polaritons; (310.6628) Subwavelength structures, nanostructures;

(160.6000) Semiconductor materials.

References and links
1. Q. H. Wang, K. Kalantar-Zadeh, A. Kis, J. N. Coleman, and M. S. Strano, “Electronics and optoelectronics of

two-dimensional transition metal dichalcogenides,” Nat. Nanotechnol. 7, 699–712 (2012).
2. B. Peng, P. K. Ang, and K. P. Loh, “Two-dimensional dichalcogenides for light-harvesting applications,” Nano

Today 10, 128–137 (2015).
3. K. F. Mak and J. Shan, “Photonics and optoelectronics of 2D semiconductor transition metal dichalcogenides,” Nat.

Phot. 10, 216–226 (2016).
4. A. Castellanos-Gomez, “Why all the fuss about 2D semiconductors?” Nat. Phot. 10, 202–204 (2016).
5. T. Low, A. Chaves, J. D. Caldwell, A. Kumar, N. X. Fang, P. Avouris, T. F. Heinz, F. Guinea, L. Martin-Moreno,

and F. Koppens, “Polaritons in layered two-dimensional materials,” Nat. Mater. 16, 182–194 (2017).
6. K. Mak, C. Lee, J. Hone, J. Shan, and T. Heintz, “Atomically thin MoS2: a new direct-gap semiconductor,” Phys.

Rev. Lett. 105, 2–5 (2010).
7. H. Yu, X. Cui, X. Xu, and W. Yao, “Valley excitons in two-dimensional semiconductors,” Natl. Sci. Rev. 2, 57

(2015).
8. A. Carvalho, R. M. Ribeiro, and A. H. Castro Neto, “Band nesting and the optical response of two-dimensional

semiconducting transition metal dichalcogenides,” Phys. Rev. B 88, 115205 (2013).
9. D. Kozawa, R. Kumar, A. Carvalho, K. K. Amara, W. Zhao, S. Wang, M. Toh, R. M. Ribeiro, A. H. Castro Neto,

K. Matsuda, and G. Eda, “Photocarrier relaxation pathway in two-dimensional semiconducting transition metal
dichalcogenides,” Nat. Commun. 5, 4543 (2014).

10. A. Steinhoff, M. Rösner, F. Jahnke, T. O. Wehling, , and C. Gies, “Influence of excited carriers on the optical and
electronic properties of MoS2,” Nano Lett. 14, 3743–3748 (2015).

11. A. Chernikov, C. Ruppert, H. M. Hill, A. F. Rigosi, and T. F. Heinz, “Population inversion and giant bandgap
renormalization in atomically thin WS2 layers,” Nat. Phot. 9, 466–471 (2015).

12. N. Kinsey, M. Ferrera, V. M. Shalaev, and A. Boltasseva, “Examining nanophotonics for integrated hybrid systems:
a review of plasmonic interconnects and modulators using traditional and alternative materials,” J. Opt. Soc. Am. B
32, 121–142 (2015).

13. H. Haug and S. W. Koch, Quantum theory of the optical and electronic properties of semiconductors (World Scien-
tific, Singapore, 2004).

14. X. Liu, T. Galfsky, Z. Sun, F. Xia, E. Lin, Y. Lee, S. Kéna-Cohen, and V. M. Menon, “Strong light-matter coupling
in two-dimensional atomic crystals,” Nat. Phot. 9, 30–34 (2015).

15. S. Dufferwiel, S. Schwarz, F. Withers, A. A. P. Trichet, F. Li, M. Sich, O. D. Pozo-Zamudio, C. Clark, A. Nalitov,
D. D. Solnyshkov, G. Malpuech, K. Novoselov, J. Smith, M. S. Skolnick, D. N. Krizhanovskii, and A. I. Tartakovskii,
“Exciton-polaritons in van der Waals heterostructures embedded in tunable microcavities,” Nat. Commun. 6, 8579
(2015).

Vol. 25, No. 19 | 18 Sep 2017 | OPTICS EXPRESS 23128 

#304744 https://doi.org/10.1364/OE.25.023128 
Journal © 2017 Received 14 Aug 2017; revised 6 Sep 2017; accepted 8 Sep 2017; published 12 Sep 2017 

https://crossmark.crossref.org/dialog/?doi=10.1364/OE.25.023128&domain=pdf&date_stamp=2017-09-12


16. Y. N. Gartstein, X. Li, and C. Zhang, “Exciton polaritons in transition-metal dichalcogenides and their direct exci-
tation via energy transfer,” Phys. Rev. B 92, 075445 (2015).

17. B. E. A. Saleh and M. C. Teich, Fundamentals of Photonics (Wiley, Hoboken, NJ, 2007).
18. H. M. Nguyen, O. Seitz, W. Peng, Y. N. Gartstein, Y. J. Chabal, and A. V. Malko, “Efficient radiative and nonradia-

tive energy transfer from proximal CdSe/ZnS nanocrystals into silicon nanomembranes,” ACS Nano 6, 5574–5582
(2012).

19. L. Novotny and B. Hecht, Principles of Nano-Optics (Cambridge University, Cambridge, 2012).
20. V. M. Agranovich, Surface Polaritons (North Holland, Amsterdam, 1982), pp. 187–238.
21. S. Sampat, T. Guo, K. Zhang, J. A. Robinson, Y. Ghosh, K. P. Acharya, H. Htoon, J. A. Hollingsworth, Y. N.

Gartstein, and A. V. Malko, “Exciton and trion energy transfer from giant semiconductor nanocrystals to MoS2
monolayers,” ACS Photon. 3, 708–715 (2016).

22. T. Guo, S. Sampat, K. Zhang, J. A. Robinson, S. M. Rupich, Y. J. Chabal, Y. N. Gartstein, and A. V. Malko, “Order
of magnitude enhancement of monolayer MoS2 photoluminescence due to near-field energy influx from nanocrystal
films,” Sci. Rep. 7, 41967 (2017).

23. V. M. Agranovich, Excitations in Organic Solids (Oxford University, Oxford, 2009).
24. K. S. Thygesen, “Calculating excitons, plasmons, and quasiparticles in 2D materials and van der Waals heterostruc-

tures,” 2D Materials 4, 022004 (2017).
25. H. Yu, G. Liu, P. Gong, X. Xu, and W. Yao, “Dirac cones and Dirac saddle points of bright excitons in monolayer

transition metal dichalcogenides,” Nat. Commun. 5, 3876 (2014).
26. G. Moody, C. Kavir Dass, K. Hao, C.-H. Chen, L.-J. Li, A. Singh, K. Tran, G. Clark, X. Xu, G. Bergauser, E. Malic,

A. Knorr, and X. Li, “Intrinsic Exciton Linewidth in Monolayer Transition Metal Dichalcogenides,” in Bulletin of
the American Physical Society 60 (2015).

27. P. W. Milonni, Fast Light, Slow Light and Left-Handed Light (Institute of Physics, Bristol, 2005).
28. M. Amani, D. H. Lien, D. Kiriya, J. Xiao, A. Azcatl, J. Noh, S. R. Madhvapathy, R. Addou, K. C. Santosh, M. Dubey,

K. Cho, R. M. Wallace, S. C. Lee, J. H. He, J. W. Ager, X. Zhang, E. Yablonovitch, and A. Javey, “Near-unity
photoluminescence quantum yield in MoS2,” Science 350, 1065–1068 (2015).

1. Introduction

Atomically thin two-dimensional (2D) semiconductors have recently emerged as a new class
of materials widely considered promising candidates for various optoelectronic and photonic
applications (Refs. [1–5] and numerous citations therein). Among them, monolayer transition
metal dichalcogenides (TMDs) such as MoS2, MoSe2, WS2 have been extensively studied ex-
perimentally and found to exhibit a direct bandgap in the visible [6] accompanied by strong
optical responses, including substantial excitonic effects [3, 7]. Owing to the 2D confinement
and reduced dielectric screening, excitons in such systems possess binding energies on the or-
der of several hundred meV. Large optical response in these materials has also been associated
with the phenomenon of band nesting [8,9]. Moreover, the optical properties of the 2D crystals
can be controlled on ultrashort timescales via photoinduced changes [10, 11]. This indicates
that 2D semiconductors could be gainfully integrated in ultrafast photonic devices, analogous
to the integration explored for plasmonic and graphene materials [12]. The spectral response of
2D semiconductors is, however, very different from the plasmonic and graphene materials [5]
leading to qualitatively distinct results.

The strong light-matter interaction exhibited by 2D semiconductors can result in the for-
mation of mixed exciton-polariton states [5, 13]. Such states have in fact been experimentally
observed in TMDs embedded in optical microcavities [14,15]. We discussed earlier [16] the in-
trinsic exciton-polaritons confined in the vicinity of a 2D semiconducting layer at the interface
between two dielectric media. In this paper, we suggest that the integration of 2D semiconduc-
tors into dielectric waveguides, one of the staple structures of photonic devices [17], is expected
to result in interesting new possibilities. We will demonstrate that high in-plane polarizability of
2D layers can substantially alter the dispersion of “proper” waveguide modes, in addition to the
appearance of polaritons confined to the layers and coupled through the waveguide medium. At
the same time, 2D semiconductors in these structures can absorb the light that propagates along
them, unlike the traditional absorption geometry for harvesting light incident on the layers [2].
As an analogy, the absorption of waveguided light in Si nanomembranes has been discussed
recently [18] as a possible route to ultrathin Si solar cells.
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Fig. 1. (a) and (b) Schematically, two types of structures under consideration. The bare
waveguide of thickness d is a dielectric of dielectric constant ε2 embedded in the medium
with constant ε1. The 2D semiconductor layers are described by the in-plane dielectric
susceptibility χ. In structure (a), two such layers are used at the interfaces. In structure
(b), the layer is positioned in the middle of the waveguide. (c) The exemplary dispersion
ω(k) of the bare waveguide modes in between the two bulk-media light lines: red lines
for s-polarized and green lines for p-polarized waves. Their crossing with a dispersionless
resonance at frequency ω0 is depicted.

2. Framework description

While various geometrical and environmental arrangements can be envisioned for the integra-
tion, our basic illustrations here are restricted to the standard example [17] of a planar symmetric
waveguide, where the dielectric slab of refractive index n2 =

√
ε2 is embedded in the dielectric

medium of refractive index n1 =
√
ε1 < n2, as shown schematically in Fig. 1. In structure (a)

of that figure, two identical 2D layers are positioned at the interfaces between the media, while
in structure (b) a single layer is positioned at the center of the waveguide. Following a macro-
scopic electrodynamics approach to surface currents [19], we treat 2D layers as infinitesimally
thin and characterized by the 2D susceptibility χ [16, 20] that determines the in-plane (parallel
to the layers) polarization. As appropriate for TMDs [4], this response is isotropic for in-plane
directions. (Generally, the susceptibility of the layer would be a tensor for different anisotropic
in-plane and out-of-plane responses. These developments are outside of the scope of this paper.)

Figure 1(c) exemplifies the well-known [17] dispersion curves ω(k) for several bare waveg-
uide modes that are situated in between the corresponding bulk light lines: ω = ck/n1 and
ω = ck/n2. We use k to denote the in-plane (≡ k‖ ) wave number (also known as the prop-
agation constant β for a guided mode [17]). This dispersion can be readily derived from the
corresponding eigenvalue equation:

r21 exp(ik2zd) = ±1, (1)

(as per the sign, we refer to “+” and “–” modes). Here r21 is the reflection coefficient for the
wave incident from medium 2 onto medium 1, d the slab thickness and k2z = (ε2k2

0 − k2)1/2

the wave vector component perpendicular to the slab in medium 2. The respective component
in medium 1 is k1z = (ε1k2

0 − k2)1/2, in their relationship to the frequency ω-dependent vacuum
wave number k0(ω) = ω/c (c is the speed of light in vacuum). The reflection coefficients are ω-
and k-dependent and different for s-polarized (or TE) modes, r (s) , and for p-polarized (or TM)
modes, r (p) , resulting in different dispersions in Fig. 1(c).

It is clear from the view of Fig. 1(a) that eigenvalue equation (1) remains the same for that
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structure but the reflection coefficients would be altered by the in-plane polarizability of the
interfacial 2D layers. (It is worth noting that even in a generalized treatment including the out-
of-plane polarization, the TE modes would still be affected only by the in-plane polarizability.)
Using standard [19] boundary conditions with interfacial currents, they are derived [16] as

r (s)
21 =

(
k2z − k1z + ik0 χ̃

)
/
(
k2z + k1z − ik0 χ̃

)
(2)

and

r (p)
21 =

(
ε1

k1z
− ε2

k2z
− i
χ̃

k0

) (
ε1

k1z
+
ε2

k2z
− i
χ̃

k0

)−1

, (3)

where the in-plane 2D layer response is described by convenient dimensionless function

χ̃(ω, k) = k0(ω) χ(ω, k) = ωχ/c. (4)

With χ̃ = 0, Eqs. (2) and (3) would reduce to familiar [19] Fresnel coefficients and lead to the
bare waveguide modes in Eq. (1).

The results for the structure in Fig. 1(b) are obtained with the appropriately modified eigen-
value equation:

r21 exp(ik2zd) (r22 ± t22) = 1, (5)

where r21 now is taken for the bare interface, while r22 and t22 are reflection and transmission
coefficients for the 2D layer inside the slab. The coefficient r22 is given directly by Eqs. (2) and
(3), when index 1 is replaced by index 2, while the respective transmission coefficients are given
by

t (s)
22 = 2k2z/(2k2z − ik0 χ̃); t (p)

22 = 2ε2/(2ε2 − ik2z χ̃/k0).

In the absence of the polarizable layer, χ̃ = 0, these coefficients would become r22 = 0 and
t22 = 1, reducing Eq. (5) to Eq. (1).

For our illustrations below, we will utilize response functions χ̃(ω) that represent both a
model excitonic response as well as the extraction [21, 22] from our own transmission experi-
ments on an MoS2 monolayer. In the vicinity of a well-separated dispersionless excitonic tran-
sition of frequency ω0, e.g., the 2D layer susceptibility would acquire a frequently used [20,23]
single-oscillator form:

χ(ω) = χ0 + A/
(
ω2

0 − ω2 − 2iγω
)
, (6)

where χ0 is the background term due to higher-frequency transitions, A the “strength” of the
resonance and γ the phenomenological dissipation parameter. Figure 1(c) depicts the crossing
of the bare waveguide dispersion curves with such an excitonic resonance, where “polaritonic
mixing” of these states may occur.

3. Results

In order to provide an unobscured illustration of the underlying effects, we will first address
the case of an ideal single-oscillator resonance with vanishing χ0 and γ. In a bulk 3D medium,
the dielectric function ε(ω) containing such resonance contribution would lead to the classical
exciton-polariton spectrum with the polaritonic gap [13, 23]. In our system, however, the reso-
nance takes place not in the bulk but at the interfacial boundaries. As the waveguide modes are
discussed in relation to the phase shifts [17] experienced upon total internal reflection from the
boundary “mirrors” (the regime of real-valued k2z and imaginary k1z ), it is clear from Eqs. (2)
and (3) that real-valued χ̃ can substantially affect those shifts.

We proceed now by the way of numerical examples. Figure 2 illustrates fundamental changes
that the ideal excitonic resonance at �ω0 = 2 eV in 2D layers imposes on the spectrum of the
normal electromagnetic modes in waveguiding glass-like (n2 = 1.5) slabs in the air (n1 = 1).
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Fig. 2. Dispersion of the intrinsic eigen modes as a function of the dimensionless in-plane
wave number ck/ω for different thicknesses of the glass (index n2 = 1.5) waveguide in air
(n1 = 1): d = 250 nm (first column), d = 500 nm (second column), and d = 700 nm (third
column). Rows (a) and (b) show the behavior for the model configuration of Fig. 1(a), rows
(c) and (d) for the configuration of Fig. 1(b). Rows (a) and (c) marked with S are for the
s-polarized; rows (b) and (d) marked with P are for the p-polarized modes. Solid red and
blue lines display, respectively, the behavior for “+” and “−” modes, Eqs. (1) and (5), in
the waveguide with 2D semiconductors, which is compared to the behavior of the modes in
the bare waveguide, shown by dashed colored lines. Columns 1, 2, and 3 thereby illustrate
the cases of bare wave guides sustaining correspondingly one, two or three eigen modes
of each polarization in the vicinity of the resonance frequency (�ω0 = 2 eV). The black
dashed lines show the position of the ideal excitonic resonance at ω = ω0, and of the light
line in glass, ck/ω = 1.5. See text for more detail.
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Three columns of this figure correspond to three different values of increasing slab thickness
d exemplifying the cases where the bare waveguides would respectively support only 1, 2 or 3
waveguide modes of each polarization in the vicinity of the resonance frequency. Comparing
these cases, one can clearly see the trends that are exhibited by the dispersion curves in progres-
sion from single-mode to multi-mode waveguides. Rows (a) and (b) of Fig. 2 display results
numerically obtained from Eq. (1) for the structure of Fig. 1(a); results in rows (c) and (d) were
derived from Eq. (5) for the structure of Fig. 1(b).

For our illustrative calculations here, we used the strength of resonance parameter A of such
magnitude that �2 Aω0/c = 0.01 eV2. With this strength, the appreciable changes in the disper-
sion of the waveguide modes take place within few meV from the resonance, and this is the
region displayed in Fig. 2. It should be noted that no direct experimental access to the intrinsic
resonance parameters in TMD materials is available now as the experimental measurements of
excitons are modified by extrinsic effects. This also concerns the environmental screening ef-
fects on the resonance parameters for 2D layers on substrates (the most common experimental
arrangement) or embedded in media. It is however reasonable to assume that glass-like media
would result only in relatively moderate screening effects. We refer the reader to the review [24]
of the current state of various microscopic calculations of exciton properties in 2D materials,
including environmental screening. Our representative choice of effective resonance strength A
here is based on the order-of-magnitude estimates [16, 25] of the exciton dipole transition mo-
ments in TMDs and should be considered as such. Importantly, however, in our earlier work [16]
we showed that this resonance strength also leads to the intrinsic polariton radiative linewidths
∼ 1 meV, which appears to agree well with experimental findings [15, 26] for TMDs on typical
substrates. We also note Rabi polariton splitting magnitudes of ∼ 20 − 50 meV reported for
TMDs in optical microcavities [14, 15].

Figure 2 shows the intricate evolution of the proper waveguide modes “between” the bare
waveguide dispersion curves as well as the appearance of the modes where they were not present
in the absence of the resonant layers. This, in particular, includes the appearance of the modes
beyond the bulk slab material light line, that is, for k > n2ω/c, where both k1z and k2z are purely
imaginary. Such states correspond to polaritons “bound” to the 2D layers. In the structure of
Fig. 1(a) there are always two eigen modes of this nature describing even and odd combinations
of single-layer polaritons coupled through the slab. (A useful analogy for the system under
consideration can be drawn from one-dimensional quantum mechanics. The waveguide slab
would then correspond to the potential well while the 2D layers to delta-function potentials:
either wells or barriers depending on the sign of χ̃.) The coupling is of course stronger for
smaller d resulting in bigger polariton splitting in thinner slabs. In the structure of Fig. 1(b) (see
rows (c) and (d) of Fig. 2), on the other hand, there would be only one mode of this nature. It
is noteworthy that these modes evolve continuously from proper waveguide modes, with the
dispersion curves actually crossing the light line, as indicated by points A and B in the example
of Fig. 2(a1). At such points with k2z = 0, the electric field exhibits linear rather than sinusoidal
spatial variations across the slab; at point A, in particular, the in-plane electric field would be
just constant.

With regard to structure of Fig. 1(b), one immediately notices that, even in the presence
of the 2D layer, the reflection and transmission coefficients satisfy the following relationships:
r (s)

22 − t (s)
22 = −1 and r (p)

22 + t (p)
22 = 1. This signifies that “−” TE and “+” TM modes would be

precisely the same as their bare waveguide counterparts, which is transparent in results of rows
(c) and (d) in Fig. 2. This, of course, is a reflection of the fact that the in-plane electric field in
modes of those symmetries has nodes in the middle of the waveguide, hence no in-plane layer
polarization would be taking place.

As our current model considers only the in-plane layer polarization, it is understandable that
its effects on TE modes are generally expected to be more substantial than on TM modes, as is
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Fig. 3. The effect of dissipation γ on the dispersion of the s-polarized “+” mode in the
waveguide of Fig. 1(a) with thickness d = 200 nm. The red lines show the dispersion in the
absence of dissipation: the dashed line for the bare waveguide, the solid lines with the 2D
layers. Panel (a) refers to the resulting real part k′ of the in-plane wave number k, panel (b)
to its imaginary part k′′. The blue lines are for �γ = 2 meV, green for �γ = 4 meV. The
black dashed lines show the position of the resonance and of the light line in glass.

indeed seen in comparison of panels in Fig. 2. The difference of the effects of the polarizable
layer on TE and TM modes is however also qualitative. In particular, one should notice that,
while subsequent bare waveguide TE and TM modes appear at the same cutoff frequencies (see
Fig. 1(c)), the cutoff frequencies for the s- and p-polarizations are clearly different in the vicinity
of the resonance in Fig. 2.

It should be stressed now that the presence of dissipation in the resonance, finite γ in Eq. (6),
can significantly affect the described picture, just as the dissipation is known to affect 3D and
surface polaritons [13,19,20]. The dissipation can result from both intrinsic (such as the interac-
tion with phonons) and extrinsic (such as the interaction with defects) processes and is generally
temperature-dependent. The dissipation makes the eigen modes decaying so that the in-plane
wave vector (number) for a given frequency ω becomes complex-valued: k = k′ + ik′′. In this
paper we do not discuss strongly decaying modes and modes that would exist only in the pres-
ence of dissipation. It is also clear that very large values of γ would lead to a complete washing
out of the resonance-induced dispersion signatures. For our computational example in Fig. 3,
we utilize two values of γ that are comparable with the energy scale of the resonance-induced
features. Panel (a) of Fig. 3 shows a modification of the dispersion curves ω(k′) and panel (b)
a relatively weak decay, k′′ � k′, that may take place as a result of such moderate dissipa-
tion. For the cases illustrated in Fig. 3, the dissipation results in the disappearance of polariton
modes with k′ > n2ω/c. On the other hand, it leads to the appearance of the region of anoma-
lous dispersion and negative group velocity [27] in the vicinity of the resonance frequency. This
is similar to the observed effect of damping on the surface plasmon dispersion [19]. Given the
relatively weak decay (that can be tuned, e.g., via the waveguide thickness) at the particularly
attractive visible spectral region wavelengths, this anomalous region might be of interest for
studies in the context of negative-refraction applications [5, 27].

As the quest for better-quality samples of various 2D semiconductors is currently underway,
it is not clear yet how strong and narrow excitonic transitions would become practically achiev-
able. In this regard, it is important to note that sizable effects should be possible to observe al-
ready with the available 2D materials that exhibit strong optical responses. We illustrate this in
Fig. 4 for the same glass-in-the-air waveguide of Fig. 1(a) by employing the complex-valued 2D
response function χ̃(ω) extracted from our own room-temperature transmission measurements
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of MoS2 monolayers on sapphire substrates over a broad range of frequencies ω. The real and
imaginary parts of the response function are shown in the inset to Fig. 4(d). We discussed and
used this function previously to rationalize experimental results [21,22] on energy transfer into
such monolayers. The examples of waveguide eigen mode calculations with this function are
shown in Fig. 4, both for their dispersion and linear absorption coefficient. As expected, the
dispersion of TE modes, panel (a), is affected more strongly, clearly showing the effects from
well-known lower-frequency excitons as well as from the higher-frequency absorption feature
of MoS2. We point out that the absorption of light propagating along the 2D semiconductor
layers could be exploited in 3D structures for light harvesting applications [2]. An interesting
similarity can be found in the recent work to utilize waveguided modes to increase the overall
light absorption by ultrathin Si layers [18]. In the illustration of Fig. 4, the resulting absorption
lengths are ∼ 1 − 10 μm that can be made smaller or larger by waveguide modifications. The
tunable absorption lengths may, for instance, be useful to control parasitic losses to nonlinear
recombination processes in 2D semiconductor layers [22, 28].

4. Conclusions

In summary, we provided computational illustrations of potentially strong effects and interesting
opportunities that may result from integration of 2D semiconductors into dielectric waveguides,
in particular due to excitonic resonances in 2D layers, such as occurring in TMD materials.
It may be apt to quote here from a recent review [5]: “The field of exciton-polaritons in 2D
materials is still at the nascent stage, and we expect exciting future developments”. As the
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waveguide geometry and environment can be judiciously chosen to modify the electric field
profiles, it is conceivable that such integration may open a fertile research area (e.g., to engineer
polariton mixing) that might be of interest for various photonic and optoelectronic applications.
While our numerical examples in this paper were limited to the visible spectral region, it should
be clear that the results have a generic nature and can also be realized in other spectral regions
with appropriate changes of waveguide parameters.
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