
PHYSICAL REVIEW APPLIED 14, 024055 (2020)

Localized Photon Lasing in a Polaritonic Lattice Landscape
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Periodic photonic structures have attracted much interest due to their versatility for controlling light
propagation. The dispersion of photon modes in photonic lattices exhibits an energy band structure analo-
gous to the electronic one in crystals. An important consequence of the photonic band structure is the
localization of light in a band gap, which can be engineered by breaking the translational symmetry
introducing a defect in the lattice. Here, we demonstrate experimentally the localization of light in a two-
dimensional periodic system of polaritons confined in a patterned microcavity. We generate a self-trapping
of light by optically inducing a local breaking of the strong-coupling regime of excitons to photons. In the
photon lasing regime we show the existence of confined modes that can be controlled by the shape of the
generated defect. We demonstrate single on-site localization with lasing mode at the edge of the Brillouin
zone similar to a gap soliton. Our results pave the way for useful tools to optically control localization and
propagation of light towards the generation of microlasers.
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I. INTRODUCTION

A photonic crystal [1] is a periodically modulated struc-
ture; the resultant photonic dispersion is analogous to
the electronic band structure in a solid with multiple
bands separated by band gaps. The photonic dispersion
presents regions of normal and anomalous dispersion in
the same way as band curvature defines positive and
negative effective masses in crystalline solids. The dynam-
ics in these systems can be governed by the interplay
between dispersion or diffraction and nonlinearity [2]. For
instance, in lattices of evanescently coupled waveguides,
self-localization of light takes place when on-site nonlin-
earity balances the diffraction arising from linear coupling
effects among adjacent waveguides [3,4]. Localized spa-
tial solitons are generated in this way [4–7]. Therefore,
by utilizing the photonic band gap and dispersion relation
between photon energy and wave-vector light propagation
can be controlled and the realization of optical devices
can be achieved. Band-edge lasers [8–12] are realized
thanks to small group velocity near the edge of the Bril-
louin zone. The localization of light can also be induced
by locally perturbing the periodicity of the lattice gener-
ating a defect state [1]. The microcavity formed from a
single defect in a two-dimensional photonic crystal has
been used to tailor the spontaneous emission as proposed
in Ref. [13] and predicted in Ref. [14]. This approach
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features small mode volumes and large cavity Q factors
[15,16]. A defect in a two-dimensional photonic crys-
tal provides a resonant microcavity for achieving lasing
[17–19].

In a semiconductor microcavity, the strong coupling
between excitons and photons gives rise to two new quasi-
particles: the lower polariton (LP) and the upper (UP)
polariton [20]. These composite exciton-photon quasipar-
ticles constitute an attractive system for studying nonequi-
librium dynamics of many-body systems [21]. These opti-
cal microcavities are flexible photonic platforms to engi-
neer potential landscapes giving rise to substantial trans-
port properties and appealing physics and applications
[22]. For instance, the two-dimensional polaritonic lattices
are periodically modulated microcavities in both trans-
verse directions, and translational invariant with respect
to the longitudinal direction. They are constituted of cou-
pled arrays of zero-dimensional polaritons arranged in
patterned lattices [23]. The dispersion of LP and UP modes
corresponds to a band structure separated by the Rabi cou-
pling energy; it is composed of S and P bands, which
originate from the spatial overlap of s and p levels from
polaritons confined in all three spatial directions on adja-
cent mesas. Polariton propagates in the transverse direction
according to the energy-band dispersion. The band struc-
ture also has a strong influence on the condensation process
and results in the localization of polariton condensates.
At the edge of the Brillouin zone with negative effective
mass, the repulsive polariton interaction with a spatially
localized excitonic reservoir causes an energy blueshift
of the condensate into the gap and generates a localized
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gap soliton state [24–26]. It has also been shown that the
structure of the localized state depends on the spatial posi-
tion of excitation [27]. In the regime of weak coupling
between excitons and photons, photonic resonator crystals
using two-dimensional coupled arrays of vertical-cavity
surface-emitting lasers (VCSELs) have led to a coherent
supermode emission located at the edge of the Brillouin
zone [28–30]. Single-mode lasing was also attained by
introducing a defect cavity in VCSEL photonic structures
[31–34].

An alternative and still unexplored approach to localize
light might be to induce a breakdown of the exciton-photon
strong coupling within a spatially limited region in order to
destroy the photonic crystal symmetry. Inside this region,
the photonic modes differ in energy from those of the
polariton modes outside of it and, thus, photon propagation
to the outside region is inhibited. A self-trapping of light
consequent upon the breakdown of the strong-coupling
regime is then expected to be observable in a polaritonic
lattice. Moreover, the reduction of the losses by propaga-
tion can facilitate a phase transition to photon lasing as
observed in VCSELs. Due to the interplay between gain
and propagation losses, the lasing from localized photon
modes can then be favored in a patterned system blending
photons and polaritons.

Here, we report on self-trapping of light and local-
ized photon lasing in a two-dimensional triangular lattice
of coupled mesas in a semiconductor microcavity. The
scheme we use is based on optically inducing a local
breaking of the strong-coupling regime of polaritons. We
generate, in this way, a defect in the photonic lattice
by quenching any photon propagation outside this local
region. Under local and nonresonant optical pumping, we
show that lasing gain occurs in the localized excitation
region. By controlling the position of the optical excita-
tion, we evidence the dependence of the lasing action due
to the optically induced lattice defect, which operates as
a microcavity that confines the modes of the laser. Ulti-
mately, we observe experimentally that lasing arises at the
edge of the Brillouin zone like a gap soliton, which is due
to the balance of the nonlinear autodefocusing effect and
the anomalous diffraction.

II. SAMPLE AND EXPERIMENT

A. Sample

The layout of the sample used to carry out this inves-
tigation is shown in Fig. 1(a). The sample is grown
by molecular-beam epitaxy on a GaAs substrate. It is a
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FIG. 1. (a) Schematic draw-
ing of the sample represent-
ing the patterned and epitaxial
layer structure; DBR stands for
distributed Bragg reflector. The
inset shows the mesa configu-
ration. (b) Layout of the exper-
imental setup: DM, dichroic
mirror; M, mirror; L, lens.
Movable parts (lenses and mir-
ror) are drawn with dashed
lines.
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microcavity made with a GaAs λ-spacer layer and two dis-
tributed Bragg reflector (DBR) mirrors consisting of 20
(24) pairs of GaAs/AlAs layers for the top (bottom) mir-
ror. The spacer layer is patterned before the growth of the
second DBR of the cavity [35]. The triangular landscape
is determined by means of an electron-beam lithography
and etching process. The photon traps consist of shallow
mesas with a local elevation of 6 nm and a diameter of
2 µm at the surface of the spacer layer. This leads to a local
decrease of the microcavity resonance frequency and to a
photonic confinement potential of 9 meV. The mesas are
equally separated by a distance of 2.5 µm from center to
center. The confined photon wave function penetrates into
the barrier causing evanescent photonic coupling between
neighboring mesas, which induces the formation of a pho-
tonic energy band structure. A single In0.04Ga0.96As quan-
tum well is placed at the antinode of the electromagnetic
field in the middle of the spacer layer. The strong coupling
between the exciton and photonic modes gives rise to a
band structure made of the upper and lower polariton bands
corresponding to a Rabi splitting of �R = 3.4 meV. The
exciton energy is EX = 1.4814 eV. The measured exciton-
cavity detuning has a value of 1.5 meV; it is defined as the
energy difference between the lowest photonic band and
the exciton at the center of the Brillouin zone.

B. Experimental setup

We excite the sample nonresonantly with a cw laser
(Cobolt) operating at 660 nm with a spot size of either
25 µm or 3 µm measured as the full width at half max-
imum. The layout of the experimental setup is shown in
Fig. 1(b). To excite with a small spot size, the laser beam
is focused by means of a microscope objective (×50) with
a large numerical aperture (0.42). To obtain a larger spot
size, the laser is first sent to an additional lens placed at
a distance for which its focal plane coincides with the
back Fourier plane of the microscope objective to reduce
the laser spot size in the Fourier plane. To avoid ther-
mal heating of the sample, the laser beam is modulated
at a 0.6 kHz frequency with a chopper operating with a
duty cycle of 6%. The emission of the sample is collected
in the reflection configuration with the same objective
used for the excitation; it is then focused with a lens of
400-mm focal length on a CCD camera for imaging in real
space the emission integrated in energy, which results in
a magnification of 100. The spectrally resolved emission
is obtained either in the near field or in the far field by
imaging the sample surface plane or the Fourier plane of
the microscope objective on the entrance slit of the spec-
trometer that is coupled to a CCD camera. We measure the
spatial and the momentum distribution of the emission as a
function of energy, which is recorded along the x direction
and the �-K direction in the Brillouin zone, respectively.
The reciprocal space imaging is used for accessing the

polariton and photonic dispersion curves. The experiments
are performed with different excitation pump powers. The
sample is placed in a liquid He continuous-flow cryostat
operating at 4 K. The cryostat is mounted on an x-y-z
translation stage, for tuning its position, with a base struc-
ture conceived to reduce the vibrations and the thermal
drifts. The helium dewar is kept suspended by the optical
table, which significantly reduces vibrations on the sam-
ple from the ground. In order to monitor the stability of
the measurements, we image the sample surface with the
excitation laser spot on a CCD camera as described above.
We control then the stability of the laser-spot position with
respect to the mesa pattern during the experiment. The
sample remains stable without drift from its initial posi-
tion during minutes, which is long enough for the typical
data-acquisition time.

C. Sample characterization

1. Polaritonic and photonic dispersion

To characterize the sample emission in the strong- and
weak-coupling regimes, we perform the experiments by
focusing the laser beam to a spot size of 25 µm. The pho-
toluminescence at low excitation power gives directly in
k space the image of the energy dispersion of the polari-
ton modes with the system in the strong coupling, which
reveals the LP and UP energy bands [Fig. 2(a)]. The
relaxation of polaritons results in the population being dis-
tributed in the LP and UP energy S band with the highest
intensity emission from the LP band. The weak emission
of UP at higher energy originating from the P bands can
be perceived. Notice, this feature is better observed for
UP bands because of the positive detuning of the sam-
ple. Under high excitation power when the strong coupling
breaks down, we assess the energy dispersion of the pho-
tonic bands [Fig. 2(b)]. We observe the emission from the
S and P photonic bands, which are formed, respectively,
by evanescent coupling of s and p photon states con-
fined in the mesas. At a higher energy, the emission from
the two-dimensional photonic continuum is perceived as
a faint emission around 1.492 eV: this is confirmed by
the positive detuning of the two-dimensional photonic
band (+8.4 meV), which is measured on the planar part
of the microcavity. The origin of the two S and P pho-
tonic bands is thus well established as they lie at a lower
energy.

We use a simple tight-binding approach to describe the
microcavity polariton modes in a triangular lattice made
out of isolated mesas. As the lattice period is larger than
the mesa diameter, the coupling between next-nearest-
neighbor mesas is weak. We consider only the photonic
modes with the lowest energies in a single mesa: the lowest
energy state (referred as the S-orbital mode) has an angular
momentum equal to zero; the next excited state is dou-
bly degenerate (referred as the two P-orbital modes) and
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FIG. 2. Triangular photonic lattice under nonresonant laser excitation with a 25-µm spot size. The emission spectra recorded along
the �-K direction of the Brillouin zone at excitation power of 5 mW (a) and 450 mW (b), respectively, in the strong- and weak-coupling
regime. The calculated LP and UP S and P dispersion bands (photonic bands) are plotted with solid lines (dashed lines). The intensity
profile of the energy-integrated emission measured in the strong- (c) and the weak- (e) coupling regime. (d) Energy and linewidth of the
S-band emission at k = 0 as a function of pump power for the lower (black) and upper (red) polariton in the regime of strong coupling
and for the photon in the weak-coupling regime. The linewidth of the modes is represented as an error bar. The dotted (dashed) line
indicates the exciton (S photon mode at k = 0) energy.

is associated to an angular momentum equal to one. The
expressions for the energy dispersion of the S and P pho-
tonic bands of the triangular lattice are, respectively, given
by
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ES
0 , EP

0 are the energies of the S and P photon modes of
an isolated mesa; γ// and γ⊥ are the tunneling energies
between nearest mesas associated to the P orbitals ori-
ented either parallel or perpendicular to the link direction;
γS is the tunneling energy associated to the coupling of S
orbitals between nearest mesas; γ3 is the tunneling energy
associated to the coupling between Px and Py orbitals cen-
tered on nearest mesas; γ0, γ1, γ2 are corrective energies
for the photonic modes in isolated mesas. We notice that
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the dispersion relations of the photonic P bands are sim-
ply given by the expressions for E1 and E2 along specific
directions of the Brillouin zone, e.g., �-K for which ky
is equal to zero or �-M for which kx is equal to zero.
The corresponding polaritonic S and P bands are obtained
in the strong-coupling limit between excitons and pho-
tons assuming the same Rabi-coupling energy for the two
photonic modes (S and P modes).

The calculated polaritonic and photonic S and P bands
are plotted, respectively, in Figs. 2(a) and 2(b). We use the
following values of the parameters for the fittings: γS =
0.12 meV, ES

0 − γ0 = 1.48370 eV, EP
0 − γ1 = 1.48781 eV,

EP
0 − γ2 = 1.48803 eV, γ// = 0.40 meV, γ⊥ = 0.067 meV.

For these values, the polaritonic and photonic energy bands
observed in the experiments are well reproduced. How-
ever, the second P band is not observed for still unclear
reasons. It is worth mentioning that the tunneling energy
parallel to the link direction is much larger than the one
perpendicular to the link as expected from the larger over-
lap of the P orbitals aligned along the link joining nearest
mesas with respect to the P orbitals oriented orthogonal to
the link.

2. Polaritonic and photonic features and lattice
landscape

We obtain the intensity profiles of the polaritonic and
photonic lattice landscape by imaging in real space the
energy integrated emission of the sample, respectively,
in the strong- [Fig. 2(c)] and weak-coupling [Fig. 2(e)]
regimes. In Fig 2(d), we plot the energy of the LP and UP
S-band emission at k = 0 as a function of pump power. We
evidence with increasing pump power a blueshift of the LP,

a redshift of the UP, and a broadening of their linewidth
(represented by error bars). We finally observe the shrink-
age of the Rabi coupling and the emission from the
photonic mode dispersion with its linewidth narrowing
accordingly. These findings evidence the features char-
acterizing the breakdown of the exciton-photon strong
coupling. In nonresonant excitation, electrons and holes
are generated at high energy and relax down to form
excitons and polaritons. The exciton-exciton interactions
induce decoherence and accordingly linewidth broaden-
ing of polaritons [36]. The exciton oscillator strength
weakens when the carrier density is increased due to
Coulomb screening and phase-space filling [37]. These
effects reduce the coherent coupling between exciton and
photon until its breakdown. We notice that the strong cou-
pling persists in the periphery of the excitation area, where
the carrier density is much weaker. Therefore, the mea-
sured linewidth of the photon dispersion appears broader
than in the case of the bare photonic emission.

III. LOCALIZED PHOTON LASING AND THE
GENERATED DEFECT

To establish the localization of photon lasing emission,
we perform the experiments by focusing the laser onto a
spot size of 3 µm and by centering it on top of a mesa. The
integrated emission intensity as a function of laser power is
displayed in Fig. 3(a). By increasing the excitation power,
the system undergoes a succession of two-phase transi-
tions; first, in breaking the strong coupling of the exciton
photon, then the system evolves in the weak-coupling
regime until it finally attains the laser phase transition due
to the onset of the stimulated emission of photons into the

(b)(a)

FIG. 3. Photon lasing in triangular polaritonic lattice under nonresonant excitation with a 3-µm spot centered on top of a mesa.
(a) Integrated emission intensity as a function of excitation power. The lasing phase transition is evidenced by the threshold in the
power dependence (Pth). (b) The emission energy at k = 0 of the lower (black) and upper (red) polariton in strong coupling and of the
cavity photon (red) in weak coupling; in the lasing regime, the energy of the confined lasing modes. Their linewidth is represented as
error bars. The dotted (dashed) horizontal line is drawn at the exciton (photon) energy at k = 0.
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(a) (b) (c) (d)
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FIG. 4. Emission spectra under nonresonant excitation with a 3-µm spot size. The energy-resolved emission measured in momentum
space along the �-K direction (a)–(d) and the corresponding spectra measured in real space along the x direction (e)–(h) for four
excitation powers: (a), (e) P = 3 mW in strong coupling, (b), (f) P = 70 mW in weak coupling, (c), (g) P = 90 mW, the lasing threshold
power and (d), (h) P = 130 mW in the lasing regime. The calculated energy dispersion of lower and upper polaritons for the S and P
bands (solid lines) and the corresponding photonic bands (dashed lines) are plotted in (a)–(d).

cavity photon mode. This is observed by the superlinear
transition in the relation of the input-output light above the
threshold power Pth. Two effects come into play with car-
rier density, the energy blueshift of the exciton states due
to the repulsive nature of the interactions and the renor-
malization of the band gap in reaching the Mott transition,
which corresponds to the phase transition from the exciton
gas to electron-hole plasma [38]. The photon lasing takes
place when the gain for the photon modes exceeds their
losses.

In Fig. 3(b), we plot the energy of the emission at k = 0
of the LP and UP modes in the strong-coupling case and of
the cavity photon in the weak-coupling case. In the lasing
regime, we plot the energy of the confined lasing modes.
We show the specific features characterizing the three
regimes with rising excitation power: the energy renor-
malization of the LP and UP modes with their linewidth
broadening in the strong coupling, the linewidth narrow-
ing of the photon-mode emission across the weak-coupling
regime and three modes with a sharp linewidth characteriz-
ing a laser emission. Also, a blueshift in the laser emission
is evidenced with the increasing pump power and hence
the carrier density, which originates from a decrease of the
refractive index in the active region.

The emission spectra showing the characteristics of
the different regimes are displayed in momentum and
real space for different excitation powers, respectively in
Figs. 4(a)–4(d) and 4(e)–4(h). The energy dispersion of

the LP and UP bands and that of the photonic bands
are plotted, respectively, in Fig. 4(a) for the strong-
coupling regime and in Figs. 4(b)–4(d) for the weak-
coupling regime together with the calculated polaritonic
and photonic S and P bands. In real space, the emis-
sion shows an extended distribution in the strong-coupling

FIG. 5. Evolution of the emission spatial distribution with the
excitation power under nonresonant excitation. The 3-µm laser
spot is on the mesa at x = 0.
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FIG. 6. Photon lasing and the induced defect with the position of the optical excitation. Representation of the triangular photonic
lattice with the excited area for three different positions of the laser spot of 3-µm size: (a) excitation on top of a mesa (red circle),
(c) among three mesas (green triangle) and (g) among four mesas (blue lozenge). The hexagons drawn in yellow are composed of the
excited mesas and of their six nearest neighbors; they define the region in which the defect is generated. (b), (d), (h) correspond to the
energy-integrated emission in real space. The emission spectra measured in momentum space along the �-K direction (e), (i) and in
real space along the x direction (f), (j) for the excitation conditions defined respectively in (c), (g). For the excitation condition defined
in (a) the spectra are shown in Figs. 4(d) and 4(h). Excitation power P = 130 mW. A red circle represents the position of the excitation
spot. In (b), (d), and (h) the defect is highlighted by the contour zone enveloping the emitting mesas.
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regime [Fig. 4(e)], which reveals the propagation of polari-
tons outside the excitation region. In the weak-coupling
regime toward the laser phase transition, however, the spa-
tial extension of the emission decreases [Figs. 4(f) and
4(g)] and discrete photonic modes eventually appear in k
space [Fig. 4(c)]. The laser emission emerges with dis-
tinct modes, and ultimately the main emission arises at the
edge of the Brillouin zone [Fig. 4(d)] like a gap soliton,
the emission of which becoming mainly localized on one
single mesa [Fig. 4(h)].

Near the edge of the Brillouin zone, the dispersion
becomes anomalous (negative band curvature) therefore a
self-defocusing nonlinearity is needed to localize a mode.
The carrier density generated by the pump excitation I(r)
induces a local change of the GaAs refractive index,
n0, through the Kerr effect: n(r) = n0 + n2I (r). Inside the
energy gap of GaAs, the Kerr coefficient n2 < 0 is nega-
tive [39]; thus, when I (r) is increased the local refractive
index decreases and hence an effect of self-defocusing
occurs. Consequently, a localized defectlike state arises
near the edge of the Brillouin zone. The local reduction of
the refractive index induces the energy blueshift into the
band gap [Fig. 3(d)]. This confined gap state is known in
photonic crystals as a gap soliton.

We can identify two stages to the localization of the pho-
tonic modes: the first one corresponds to the creation of the
photonic defect, which causes a self-trapping of the pho-
tons and the second one to the onset of lasing. In order
to better evidence this sequential localization, we repre-
sent in Fig. 5 the evolution of the spatial distribution of
the emission as the excitation power increases across the
three regimes. In the intermediate power range correspond-
ing to the weak-coupling regime, the spatial distribution
of the emission shrinks down as the excitation power is
raised. This shrinkage of the spatial distribution corre-
sponds to the evolution of the photonic defect within the
region experiencing the weak coupling. At a power of
60 mW, still well below the lasing threshold power, one
observes a drastic reduction of the emission intensity from
all the mesas surrounding the excitation spot, which evi-
dences the self-trapping of photons. This is a manifestation
of the local increase of the photon density, which is largest
next to the excitation spot. In the last stage, as the power
reaches the lasing threshold, the spatial extent of the emis-
sion collapses onto the central mesa (the mesa at position
x = 0).

The breaking of the strong-coupling regime inside a
small excitation area perturbs the periodicity of the lattice
and generates a defect. The arrangement and the number of
mesas in this defect area define the extent of the photonic
modes. The decrease of propagation losses outside this
region favors the increase of the photon density by spon-
taneous emission due to electron-hole recombination and
so optimizes the buildup of the photon-mode gain. We val-
idate experimentally the dependence of the photon lasing

action on the induced defect by controlling the position of
the optical excitation on the patterned sample.

The effect of the excitation position on the generation of
the defect and the lasing emission is evidenced in Fig. 6.
The number of mesas composing the defect [outlined in
yellow in Figs. 6(a), 6(c) and 6(g)] is found to strongly
depend on the position of the laser spot (identified as a red
circle): it lies either on top of a mesa [Fig. 6(a)] or among
three [Fig. 6(c)] or four [Fig. 6(g)] mesas. In Fig. 6(b), we
display the spatial distribution of the total emission inten-
sity integrated in energy when the excitation spot is on top
of a mesa [corresponding to the conditions of Figs. 4(d)
and 4(h)]: the predominant emission arises then from one
mesa surrounded by six weakly emitting mesas. The spa-
tial shape of the defect involves seven mesas altogether: it
is the hexagon formed by the six nearest-neighbor mesas
surrounding the mesa from which most of the lasing-mode
emission originates. We highlight the defect extension by
a hexagon that contains the mesas emitting in the weak-
coupling regime. In Figs. 6(d) and 6(h) we display simi-
larly the spatial distribution of the total emission intensity
when the excitation position is displaced off a mesa and is
surrounded by either three [Fig. 6(d)] or four [Fig. 6(h)]
mesas. We observe distinct emission patterns spread over
several mesas. We reproduce the emission zone and the
arrangement of the mesas involved in the defect formation
by superposing the hexagons built from the six nearest-
neighbor mesas of each mesa constituting the group of
three (green) and four (blue) mesas in Figs. 6(c) and
6(g). Therefore, the generated defect shapes differ from
one to the others [Figs. 6(a), 6(c) and 6(g)]. We repre-
sent in Figs. 6(d) and 6(h) the contour of the defect zone
with the emitting mesas inside. We plot the correspond-
ing measured energy of the lasing emission in momentum
[Figs. 6(e) and 6(i)] and real [Figs. 6(f) and 6(j)] space, for
which the emission pattern of mesas in real space and their
momentum distribution can be associated. We can iden-
tify mainly two lasing supermodes originating from the
coupling of the mesas situated inside the defect region.
From this comparison, we infer that the configuration of
the defect during its generation ultimately defines the emis-
sion mode and its characteristic spatial distribution. With
these results we highlight the possibility of controlling the
defect geometry and ultimately the lasing mode.

IV. CONCLUSIONS

In conclusion, we demonstrate the realization of pho-
ton lasing integrated in a polaritonic lattice for which the
lasing mode can be optically controlled. The scheme is
based on the optical breaking of the translational sym-
metry through the local transition from the strong- to the
weak-coupling regime of the exciton-photon system that is
created inside a semiconductor microcavity patterned with
a triangular lattice of mesas. In this way, we demonstrate
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self-trapping of light and localized photon lasing. The las-
ing modes originate from the interplay of the photonic
confinement and photon propagation, which can be con-
trolled by the position of the excitation. These results open
the way for the realization of localized mode lasers of cho-
sen geometry, in which the shape of the generated defect
determines the lasing mode. This scheme can be extended
to realize chiral microlasers using optical breaking of
time-reversal symmetry in a two-dimensional semicon-
ductor honeycomb patterned microcavity [40]. One might
conceive the realization of PT (parity and time-reversal)
symmetry breaking with optical control of gain and loss
[41,42]. It is also feasible to develop drop and add filters
[43,44] and dynamic photon pinning [45] using optically
controlled defect cavities and line-defect waveguides in
two-dimensional polaritonic lattices.
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