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ABSTRACT 

Optical microcavities are resonators that have at least one dimension on the order of a single 
optical wavelength. These structures enable one to control the optical emission properties of 
materials placed inside them. One of their most dramatic potential features is threshold-less 
lasing,unlike the conventional lasers. This is possible due to 2D monolayers, 
Heterostructures, Hybrid materials which are used as active layers for polariton-exciton 
strong coupling. In this review paper, a different method of Microcavity laser fabrication is 
reviewed, where a different type of active materials is utilized to improve the laser efficiency. 
Materials such as WS2, MoS2, WSe2 and MoSe2are used due to their strong exciton binding 
energy. These use high reflecting DBR mirrors fabricated using oxides of a higher refractive 
index such as SiO2, NbO2, HfO2/Al2O3, SiO2/Ta2O5 and SiO2/TiO2. In this way, the 
controlledspontaneous emission is expected to play a vital role in a new generation of optical 
devices and can have a wide range of applications in Optics, Quantum computing, high-speed 
signal transmission,etc. 
Keywords: Microcavity, Photoluminescence, Exfoliation, Quantum Well, Active layer, Q-
factor. 
1. INTRODUCTION : 

Einstein pointed out in 1917 that an atom can radiate a photon in two different ways.The first is 
spontaneous emission, whereby the excited atom spontaneously emits a photon without any influence 
from outside photons. The other is stimulated emission, in which externalphotons induce or stimulate 
the emission of a new photon from the atom. Before the invention of the laser in 1960, only light 
derived from spontaneous emission process was available for laboratory and home use. After 1960, 
attention focused on stimulated emission, the essence of laser action [1]. Ultra-short optical pulses of 
picosecond and femtosecond duration, light sources with a frequency of only a few hertz, and 
ultrahigh-power lasers producing terawatts are a remarkable example of advanced laser science. These 
developments are all the result of the coherent laser process in which stimulated emission controlled 
by a "cavity" dominates the overall process of light emission. However, spontaneous emission has 
long been widely believed to be uncontrollable. In the last decade, however, marked progress has 
been achieved in controlling spontaneous emission with the use of wavelength-sized cavities. This 
research field is now called cavity quantum electrodynamics (cavity QED). Semiconductor 
microcavity lasers, also called Polariton lasers, are tiny semiconductor lasers with an overall volume 
in the micrometre regime. Up to now, such miniature lasers have been realized in two fundamentally 
different configurations. These arethe vertical cavity surface emitting lasers (VCSEL) and the micro-
disc lasers [2]. A microdisklaser consists of a disc of semiconductor material with a typical diameter 
of 2-5 μm, which is thinner than the optical wavelength. Under laser conditions, high-Q whispering 
gallerymodes propagate inside the disc close to the circumference. These modes are confined inside 
the disc due to the large effective reflection coefficient. The VCSEL has a resonator with very high 
mirror reflectivity. This high reflectivity is achieved with distributed Bragg reflectors (DBRs), 
consisting of epitaxially grown layers of different refractive indices. The simplest DBR has 
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alternating layers that are each 𝜆𝜆/4 thick to provide constructive interference of the reflected waves 
from each interface [3]. 
An optical microcavity is a structure formed by reflecting faces on the two sides of a spacer layer or 
optical medium. The microcavity is often only a few μm thick, the spacer layer sometimes even in the 
nm range. As with conventionallasers, this forms an optical cavity or optical resonator, allowing a 
standing wave to form inside the spacer layer. The thickness of the spacer layer determines the so-
called "cavity-mode", which is the one wavelength that can be transmitted and will be formed as 
standing wave inside the resonator. Depending on the type and quality of the mirrors, a so-called stop-
band will form in the transmission spectrum of the microcavity, a long range of wavelengths, that is 
reflected and a single one being transmitted. The fundamental difference between a conventional 
optical cavity and microcavities is the effects that arise from the small dimensions of the system. 
Quantum effects of the light's electromagnetic field can be observed,and the spontaneous emission 
rate and behaviour of atoms are altered by a microcavity [1-3].This generation of light is caused by 
the formation of Bose-Einstein condensation of Polaritons as polaritons result from strong coupling of 
electromagnetic waves, an electric or magnetic dipole carrying excitation. This condensate emits 
spontaneous coherent light waves. Controlling spontaneous emission is also desirable for device 
applications of particular interest is the concept of a "threshold-less laser.” In a conventional laser, 
only a small portion of the spontaneous emission couples into a single state of the electromagnetic 
field controlled by the laser cavity,i.e., the cavity resonant mode formed by the cavity mirrors, the rest 
is lost to free space modes,i.e., it radiates out the side of the laser. This is one of the essential 
mechanisms behind the occurrence of laser oscillation "threshold" behaviour; full stimulated emission 
output can be obtained only above a threshold input power that can overcome the spontaneous 
emission loss to free space modes [4].The idea of a threshold-less laser is simple. When all 
spontaneously emitted photonsare confined in a cavity whose dimensions are on the order of a single 
wavelength, loss to the free space mode is eliminated. Then the precise boundary between 
spontaneous and stimulated emissions inside the cavity is eliminated [5]. To achieve room-
temperature operation, the polariton laser diode device is built from the wide-bandgap semiconductor, 
such as gallium nitride (GaN). The typically large exciton binding energies of such a wideband 
gapsemiconductor make exactions robust at room temperature, which is crucial for practical 
applications [6]. 
A new class of few atom thick layered structures called van der Waals heterostructures which are 
fabricated by structural arrangement of thick atomic layers. These materials can be used with a wide 
range of materials toutilize them in geometries for optoelectronic devices which allow easy 
controlling of light-matter coupling. In this work, molybdenum diselenide/hexagonal boron nitride 
(MoSe2/hBN) quantum wells are incorporated in optical microcavities. The strong coupling between 
MoSe2 exactions and cavity photons show part-light–part-matter polariton eigenstates. This provides 
clear anti-crossing among the neutral exciton and the cavity modes with a 20 meV splitting for a 
single MoSe2 monolayer, which is improved by 29 meV in MoSe2/hBN/MoSe2 double-quantum 
wells. Exciton radiative lifetime of 0.4 psis obtaineddue to the splitting at resonance. The results from 
this work are overlain on the room temperaturepolaritonic devices based on multiple-quantum-well 
van der Waals heterostructures, by which polariton condensation and electrical polariton injection 
through the assimilation of graphene contacts may be realized. By the incorporation of 
semiconducting transition metal dichalcogenide(TMDC) monolayers, possible applications of Vander 
Walls heterostructures are investigated [7, 8].The TMDCs have a direct band gap, such as WS2, MoS2, 
WSe2 and MoSe2, demonstrating noticeable exciton resonances at room temperature with excellent 
exciton binding energies of some 100 meV. The integration of 2D crystal heterostructures 
enablesexciton properties to be manipulated easily [9]. These heterostructures containing singleMoSe2 
monolayers exhibit large Rabi splitting of 20 meV which became 29 meV for a multiple-quantum-
well structure with two MoSe2 monolayers separated by hBN layer. A radioactive exciton lifetime of 
0.4 ps analogous to the homogeneousline width of 1.6 meVis obtained from the coupling strength 
[10]. 
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Fig. 1: Structure of a VCSEL Microcavity laser 

The condensation of the exciton-polaritons in the optical microcavities generates polariton lasers, 
which are coherent, which arises as a result ofthe kinetic or thermodynamic regime (Bose-Einstein 
condensation). The strong coupling of exciton polaritons with part-photon and part-exciton states 
results in very low threshold operating potential [11]. The conventional lasers require a 
populationinversion mechanism whereas the polariton laser does not require this mechanism because 
of its Bosonic nature. Based on the higher exciton binding energy and oscillator strength and also the 
efficient carrier relaxation of the active layer material, the laser can operate at different temperatures. 
Materials like GaAs [12-15] and CdTe [16] operate at a very low temperature,and the semiconductors 
with wide band gap are well known for high-temperature operations. Studies revealed that the GaN 
[17-20] and ZnO [21, 22] active layer lasers well perform at 300 K. The GaN can be doped with both 
n-type and p-type for good electrical injection made it a material of interest as single defect-free GaN 
nanowire embedded in an all-dielectric microcavity [23, 24]. 
The 2D transition metal chalcogenides (TMCs) are viewed after the remarkable study of graphene. 
These layered crystals of III-IV group such as GaSe, InSe attracted the researchers for the photonic 
applications as their films of little nanometer thickness possess direct band gap, therefore, allow 
flexible devices design [25,26]. When the semiconductors are entrenched in the microcavity or 
waveguides, their light absorption/emission can be increased[27-30]. The semiconductors like MoS2 
and WSe2 films are coupled to photonic crystal cavities which resulted in enhanced 
photoluminescence (PL) [31, 32]. Tunable cavity devices are demonstrated with semiconducting thin 
films sandwiched between the planar distributed Bragg Reflectors (DBRs) [33-36]. In this mirror 
configuration there seen a possibility for cavity mode confinement in three dimensions with the mode 
volume of 1.6 μm3 which is much low. The quality factor of up to 7400 is obtained. Cavity size can be 
tuned by adjusting the vertical displacement of the two mirrors which results in wavelength tuning 
over 80 nm by the spectral matching of the cavity mode wavelength by the emitter embedded in the 
device. With the monolayer of MoS2and few layers of GaSe and by moving the top mirror out of the 
optical path, the emission spectra and the intensity of strong peak PL can be highly modified [37]. The 
ability of TDMCs to produce large and atomically thin monolayers with abundant exciton-binding 
energy made them use widely in optical devices [38-43]. Their optical properties provide stable 
exciton formation at room temperature, narrow absorption peaks and high photoluminescence 
quantum yields [44-48]. 
A single atomic layer of direct band gap WS2 of 0.8 nm thick interacts with light strongly that it has 
an absorbance of 0.1 and shows strong PL [45]. WS2 is suitable for room temperature applications as 
it has large exciton binding energy of ~ 0.7 eV.WS2is used inopen microcavity with cavity setup such 
that in-situ tunability of coupling strength between the optical mode and WS2 excitons is possible 
[49]. This showed strong coupling in a monolithic microcavity,but the resolution of spectra with 
splitting’s below the exciton line width is unwell [50, 51]. The transversely confined microcavities at 
low temperatures let the creation of polaritons in MoSe2 with Rabi splitting of 70 meV. This exceeds 
exciton line width, permitting in-situ variability of the coupling strength [52]. The photonic crystal 
cavity light emitters work on the principle of Quantum electron dynamics which considerably 
increases the spontaneous emission rate in the Purcell regime. The reduction of the lasing threshold of 
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emitters due to this effect provides low threshold lasing action with low power consumption, small 
footprint and ultrafast modulation [53-57]. 
Photonic Crystal cavities (PCC) [58-60] consisting of Quantum dots (QD) [59] in themcreatesan 
ultralow-threshold nanoscale laser. The random positions and compositional fluctuations of the dots, 
extreme difficulty in current injection, and lack of compatibility with electronic circuits remain as 
some of the problems. Anatomically thin crystalline semiconductor WSe2 is used as a gain medium at 
the surface of a pre-fabricated PCC. An optical pumping threshold as low as 27 nanowatts at 30 K 
temperature, as seen in the QD/PCC lasers, emits a visible regime continuous laser [59].This depends 
on the confinement of direct bandgap excitons by the monolayer of gain mediaat the PCC surface and 
its nature. This surface gain geometry provides excellentaccessibility and tailorability of gain 
properties through external electrostatic gating andcurrent injection which makes more comfortable 
electrical pumping.TheTDMCs are semiconductors with a direct bandgap in the visible frequency 
range,having chemical formula MX2, due to the tight exciton bonding [60-65]. These materials are 
used in many applications such as spintronics [66, 67], FET [68], LEDs [69-71], solar cells[72] and in 
photodetectors [73] with their excellent properties being strong, stable, tunableand optically active. In 
this work, the demonstrated design is possibly scalable nanolaserwhich uses 2D monolayers which 
can be used in the integrated chip systems. This surfacestructure provides an advantage of easy optical 
nanocavity construction such that the main material can be separated from the cavity and the parts are 
individually fabricated with highquality, non-destructive hybrids [74]. 

2. PREPARATION OF 2D FILMS FOR MICROCAVITY LASERS : 

2.1. Preparation of MoSe2 and hBN films: 
The 2D film fabrication for the microcavity laser follows thin film formation mechanical exfoliation 
of MoSe2 and the hBN. These thin films are then transferred one over another to form a 3 nm thick, 
thin film and finally this stake of the layer is transferred using standard transfer methods on to a 
dielectric mirror which is fabricated in the next step. 

 
Fig. 2: Steps indicating MoSe2 and hBN layer preparation 

 
Fig. 3: Steps for Growth of GaN layers 
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2.2. The growth of the GaN layer on a substrate: 
Here in this study the film is directly grown on the substrate instead of growing it separately and 
transferring on to the mirror. The GaN microcavity fabrication involves growth and etching 
techniques which include Plasma Enhanced Molecular Beam Epitaxy (PEMBE), Photolithography, 
Reactive Ion Etching (RIE) (dry etching), photochemical etching (PCE) and Atomic Layer Deposition 
(ALD). First, the GaN layer is grown by PEMBE on the n-typeGaN-sapphire substrate and is 
patterned using photoresist. The rectangular pattern is etched by RIE,and then the photo-resist is 
removed by photochemical etching. 
2.3. Exfoliation of MoS2 and GaSe layers: 
The layers of MoS2 and GaSe layers are cleaved mechanically using exfoliation tape. The GaSe layer 
is directly transferred on to the substrate. The MoS2 layer is transferred on to the polymer layer,i.e. 
PMMA, which is then, transferred using a specific transfer technique. 

 
Fig. 4: MoS2 and GaSe exfoliation steps 

 
Fig. 5: Steps to synthesize WS2 flakes 

 
2.4. Synthesis of triangular WS2 flakes: 
In this study, WS2 flakes (layers) are synthesized by the mechanical exfoliationmethod which is 
obtained more likely in a triangular shape. The transferring of these flakes on to the DBR mirror uses 
PMMA polymer layer as like inthe the previous study. The PMMA layer used to transfer the WS2 
layer. After transferring the layers, PMMA is washed out. 
2.5. Preparation of WSe2 films: 
The whole laser cavity structure is fabricated by hybridizing the PCC, which is fabricated separately, 
with WSe2. This PCC- WSe2 hybrid structure is produced by a polymeric-transfer method where the 
mechanically exfoliated WSe2 layer is first transferred on to the polymer coated silicon substrate. 
Silicon substrate is spin coated with polyvinyl alcohol (PVA, 1%) and then coated with poly (methyl 
methacrylate) (PMMA, 6%). The exfoliated WSe2 layer is placed onthis polymer coated substrate and 
is placed in water. The PVA dissolves in water,andWSe2/PMMA layer gets separate from the Si 
substrate, which is then transferred on to the PCC surface. Then the PCC is heated and placed in 
acetone and isopropyl alcohol bath to dissolve the PMMA, leaving the WSe2 layer on top of the PCC. 
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Fig. 6: Flowchart for forming WSe2 films 

 
Fig. 7: Flowchart for hBN/ MoSe2 microcavity fabrication 

 

3. MICROCAVITY LASER DEVICE FABRICATION : 

3.1. Fabrication of microcavity using fused silicon/Ga substrate and incorporation of hBN/ 
MoSe2: 
The dielectric mirror of the laser is fabricated mainly in four steps. The microcavityof 7-20 nm is 
etched out of the substrate, i.e. fused silicon substrate by focused ion beam etching. The 
semiconducting mirror is formed by the depositing Ga atoms inside the hole with position accuracy 
and roughness of 5 nm and 1 nm, respectively. Over this layer, several alternate layers of SiO2 and 
NbO2 is coated by an ion-assisted electron beam deposition method, which forms large reflective 
dBRs mirrors in the cavity. These mirrors are depositedfor the centrewavelength of 750 nm with stop 
bandwidth of 200 nm. The prepared 2D films of hBN and MoSe2 is then transferred on to the 
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dielectric mirror to complete the Microcavity laser fabrication. 
After the fabrication the device is optically measured using picosecond-pulsed, frequency doubled 
titanium–sapphire laser with a pulse length of around 3 ps for time-resolvedmeasurement. PL from the 
device is analyzed using a 0.75-m spectrometer and a high sensitivitycharge-coupled device for 
emission collection [10]. 

 
Fig. 8: Stepwise fabrication of GaN/AlGaN layer microcavity 

 
Figure 9: Steps in MoS2/ GaSe layer microcavity fabrication 

 
3.2. Fabrication of GaN/AlGaN layer microcavity: 
The patterned layer grown on the substrate is then undergone through several steps to fabricate the 
microcavity device. The sacrificial layer InGaN is deposited by PEMBE,and GaN/AlGaN layer is 
deposited over the sacrificial layer. The sides of the sacrificial layers areetched out by PCE. Finally, 
the microcavity is sealedwith pairs of top DBR layers of HfO2/Al2O3 and bottom DBR layer 
SiO2/Ta2O5, which are deposited using the ALD technique. 
3.3. Formation of MoS2/ GaSe layer microcavity: 
In this method, the substrate on which microcavities are being developed at first coated with SiO2/ 
TiO2 layers,andthe concave mirrors are designed by focused ion beam milling. The thin films of MoS2 
and GaSe which in the early step exfoliated mechanically, which are of a thickness in the range of 30-
100 nm are transferred on to the mirrors. The GaSe layer is directly transferred on to the DBR 
substrate,and the MoS2 layer is deposited on a polymer, then moved on to the DBR by a specific 
transfer technique. With the help of AFM (Atomic Force Microscopy), proper arrangement and 
thickness of transferred layers are confirmed. This system has undergoneoptical measurements using 
frequency doubled pulsed Ti-sapphire laser at 4.2 K temperature. 
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3.4. Fabrication of WS2 layer based microcavity: 
In this study, the open microcavity is fabricated using DBRs of several pairs of mirrors made of 
SiO2/TiO2. The central wavelength of these mirrors is 637 nm. SiO2/TiO2 DBR layers are deposited 
on to the substrate with 50 nm thick silver mirror, which is deposited by a thermal evaporation 
method. The exfoliated or grown WS2flakes is transferred on to the DBR layer through a transfer 
method using PMMA polymer sheet as a helper layer for transfer mechanism. After transfer and 
etching processes and heating the layer up to150˚C, the PMMA layer is removed by its dissolution in 
an acetone bath. The thin silver layer helps in the controlling of cavity length. The device is analyzed 
using And or combined spectrometer/CCD system. 
3.5. AlGaP/GaP photonic crystal cavity (PCC) fabrication: 
The Photonic Crystal Cavity (PCC) is fabricated using AlGaP and GaPsemiconductors. GaP wafer is 
taken as a substrate,and the AlGaPlayer is coated on to it by Gas Source Molecular Beam epitaxy 
(GSMBE). A layer of GaPis again deposited on to the AlGaP layer. The ZEP520photoresist is coated 
on to the GaP and patterned with Electron Beam Lithography (EBL). This pattern is then transferred 
on to the GaP by Chlorine based-RIE. Later on, the resist is removed,andthe sacrificial layer is one 
undercut by Hydrogen Fluoride (HF) solution. Finally, the fabricated PCC is cleaned with KOH to 
remove etched material or the unwanted by-product. 

 
Fig. 10: Flowchart for WS2 layer based microcavity device fabrication 

 
Fig. 11: Photonic Crystal Cavity (PCC) fabrication 

 

4. EFFICIENCYOFhBN/ MoSe2INCORPORATED FUSED SILICON/Ga MICROCAVITY 
LASERS : 

The device design by S. Dufferwiel et al. [10] provides excellent control over mirror separation 
through which independent positioning of the two DBRs and the cavity mode resonances can be tuned 
in-situ. The cavity made of heterostructures consists of three parts: single Quantum well (QW), 
double QW and a bilayer MoSe2 region. Single monolayer sheet of MoSe2 3-nm-thick sheet of hBN 
makes the single QW. The spectrum contains a neutral exciton and a negative ion with a line width of 
11 meV and 15 meV respectively. The spatial positioning of the two independent mirrors can be 
possible with open cavity system. The cavity consists of a monolayer of MoSe2 as an active region 
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with a concave mirror of radius of curvature 20 mm. The longitudinal resonance is at 1.588 eV at V= 
0 with modes at higher energy are its associated first 1.608 eV and second 1.628 eV transverse modes. 
The total optical cavity length is around 2.3 mm and the longitudinal mode number q=5. Rabi splitting 
of 20 meV for a single MoSe2 monolayer is observed in the longitudinal mode which is by the 
theoretical value of 26.7 meV. The PL spectra are seen in the detuning range of 16-12 meV,and the 
upper polariton branch (UPB) at positive 40 meV and lowerpolariton branch (LPB) at negative 30-20 
meVare observed. The polariton peak energy results in an increase in the Rabi splitting of about 29 
meV with the multiple QW-TDMC heterostructures. Radiative lifetime of 0.4 ps for exciton at a 
similar line width of 1.6 meVis obtained with coupling strength of 8.2 meV. 

5. GaN/AlGaNLAYER MICROCAVITY LASERS : 

The study by R. Jayaprakash et al. [25] shows that the LPB discrete, strong coupling at large angles at 
20 K and flattens due to cavity mode interaction with QW excitons and LPB dispersion redshift with 
temperature and the UPB are not seen. At 230 K additional branches for large angles where 
distinguished called Middle Polariton Branch (MPB) due to photon coupling with the excitons located 
at the 25 nm GaN spacer. MPB is also visible in negative detuning at 80 K,and 300 K as a result of 
uncoupled exciton intensity loses, the dispersivenature of the MPB and its anti-crossing with the LPB 
can be more seen. Increasing temperature also tends to increase LPB line width. For the room 
temperature PL at theangle of 10o from the membrane, the spectrum shows LPB narrow line at 3.402 
eV with a linewidth of 10.8 meV and a weaker MPB for uncoupled QW exciton at 3.453 eV. To find 
the quality factor, the absorption spectrum is estimated at the 10o incident angle by a transfer matrix 
model, which is then utilized in extracting the PL data considering the proportionality between 
absorption and spontaneous emission. The QW and GaN spacer excitons are defined at 3.453 eV and 
3.422 eV respectively with a similar line width of 28 meV at 300 K. The lasing action starts with a 
minimal middling power density of 4.5 W/cm2,and this power is four times less in comparison with 
GaN QW microcavities. It is noted that the occupation increases with power linearly at below 
threshold powers and also at large angles. Also, the blue shift of the LPB is absent until the threshold. 
Compared to the conventional lasers the exciton saturation density is less by order of magnitude by 
2.5 and 3.5 times less electron-holepair densities needed for population inversion. These results are 
due to the zero-dimensional confinement and optical quality of the structure of the material used. 

6. MoS2/ GaSeLAYER MICROCAVITY LASER EMISSION RESULTS : 

MoS2 monolayer shows PL in a wide range of 640-740 nm and GaSe film of thickness 43 nm 
emission is seen in the range 600-625nm from localized exciton state due to the interlayer stacking 
defects. The cavity formed such that the mirror placed above the optical excitation area along with top 
DBR. This study conducted by S. Schwarz et al. [38] displays the quality factor of cavity mode 
coupled with the PL is about 103 and that of the mirror about 7400. The emission is expected from a 
spot in the cavity for which the diameter of the spot is 7 and 1 μm for half and full cavity 
configuration respectively. It is observed that the excitation density for the 2D film is 6.5kW/cm2 and 
strongest peak for longitudinal mode is around 675-680 for which the Q-factors in the spectra are 
4000, 3000, 1800. For the concave top mirror with a radius of curvature Rc 16, 10 and 5.6 μm the PL 
intensity increased by 10, 30 and 60 times respectively than the MoS2 monolayer. From this one can 
tell that by adjusting the distance between the mirrors, in turn, the cavity length and cavity resonance 
frequency can be tuned and the tuning is restricted by the size of stop band which is ~ 200 nm in this 
case. The modes near GaSe emission window can also be tuned up to ~ 600 nm,and the time-resolved 
PL measurement straightly provides possibilities for Purcell enhancements by relating the radiative 
lifetimes with and without the effect of the cavity. PL saturation is reached at P ~10 mW which shows 
that the optical pumping rate surpasses the relatively low recombination rate. By this,it is clear that 
the carrier radiative lifetime is shorter in the case when the full cavity is designed, the effect 
calculated with the 10-fold PL decay time shortening. 

7. WS2LAYER BASED MICROCAVITY TEST RESULTS : 

The WS2 films grown by CVD are moved on to the low-index terminated distributed Bragg reflector 
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(DBR) using a PMMA transfer layer. For different cavity lengths following the mode with 
longitudinal mode number q = 3, the transmission spectra are assimilated in succession. Linear 
feedback in cavity mode energy affecting from 1.85 eV to 2.15 eV is due to decrease in the cavity 
length from 260-130 nm. At 2.01 eV WS2, monolayer exciton energy remains constant. The Rabi 
splitting obtained is about (70 ± 2) meV,and the UPB and LPB are found to be lesser than Rabi 
splitting those are (55 ± 7) and (34 ± 5) meV respectively. The edge of the stop-band of the DBR 
which is centred nearby 1.95 eV results in increasing Cavity mode line width from ≈30 meV to ≈60 
meV. As the LPB energy nears the exciton energy, LPB gets populated gradually and attains 
maximum for 15 meV<ΔE<30meV and drops quickly for ΔE→0. The total polariton population 
differs for distinct longitudinal cavity modes, decreases as the Rabi splitting becomes smaller. A bath 
of the excitoniscreateddue to the high excitation in the conduction band of the WS2 monolayer which 
causes population in the LPB later on. The generation of exciton-polaritons takes place with coherent 
interchange of energies of excitons and polaritons at the Rabi splitting of 70 ± 3 meV in a vacuum in 
this experiment which is conducted by the L. C. Flatten et al. [53]. 

8. AlGaP/GaPPHOTONIC CRYSTAL CAVITY (PCC) STUDIES : 

Semiconductor monolayers are used in Low Q-factor PCC or DBRs by Sanfeng Wu et al. [75], which 
show controlled spontaneous emission. These PCCs are of high Q-factor of 104, which is 30 times 
that of conventional PCC. The thin membrane of few nm offers high Q-cavity in the visible region. 
40% of the allowable maximum electric-field intensity at the monolayer and this allows useful 
intersection of cavity mode and the monolayer WSe2 on the surface. At 80 K, under optical pumping 
of 632 nm continuous laser, a typical laser emission spectrum can be obtained by the hybrid structure, 
where the sharp feature can be seen at 739.7 nm. A line width of 0.3 nm at the half-maximum is 
measured on the spectrum and emission power of 10 fW for 100 nW input power. These fabricated 
cavities are of Q-factorin the range of 5000 to 14000 which gets reduced from 8000 to 1300 upon 
monolayer transfer and again gains Q-factor of 2500 while cooled to cryogenic temperatures. The Q-
factor and resonance shift, due to the PMMA layer, becomes 500 and 750.7 nm respectively. This 
shows that high Q-factor enhances the spontaneous emission rate in lasing mode and ultralow 
threshold lasing. 

9. CONCLUSION : 

The 2D heterostructures demonstrate a robust exciton-photon coupling in microcavities with tunable 
PL and reflectivity. The room temperature operation of these heterostructures devices is possible as 
they present high flexibility with graphene contacts to supply current. In comparison with the existing 
semiconductor materials, namely GaAs, GaN and ZnO, VDW heterostructures showfine tuning and 
seem to be of promising technological attention. A room temperature, ultralow threshold, all-
dielectric, high-Q QWmicrocavitypolariton laser with spontaneous zero-dimensional confinement is 
revealed. Studies showed enhancement of characteristics of polariton laser with 0D confinement along 
with the new materials and right optical property of the structure and a new outgrowth in the field of 
laser optics,especially in room temperature polaritonics. Also, tunable dielectric 2D film metal-
chalcogenides microcavity fabrication is demonstrated where photonic fields are localized in the 
entire three dimensions,and the PL spectral properties are altered strongly by the cavity. The 
microcavity with MoS2, GaSe, MoSe2, and WS2 inside shows increased cwPL strongly by a factor of 
60 and decreased PL. These results show that the compared to semiconductor devices, the metal 
chalcogenides and Vander Waals heterostructures are most promising materials for optically active 
devices. The coupling strength can be tuned in situ by changing the microcavity length. The fabricated 
monolayer surface gain geometry of microcavity laser shows a new lasing technology which is 
multipurpose, flexible of any kind and provides a natural gain material replacement facility in 
Quantum-dot nanocavity laser. These designs can lead to the development of lasers using 2D 
heterostructures materials such as valley selective lasers and another kind of lasers for on-chip 
photonic devices. 
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