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Abstract: We report a systematic study of the temperature and excitation density behavior of 

an AlAs/AlGaAs, vertically emitting microcavity with embedded ternary Al0.20Ga0.80As/AlAs 

quantum wells in the strong coupling regime. Temperature-dependent photoluminescence 

measurements of the bare quantum wells indicate a crossover from the type-II indirect to the 

type-I direct transition. The resulting mixing of quantum well and barrier ground states in the 

conduction band leads to an estimated exciton binding energy systematically exceeding 25 

meV. The formation of exciton-polaritons is evidenced in our quantum well microcavity via 

reflection measurements with Rabi splittings ranging from (13.93±0.15) meV at low 

temperature (30 K) to (8.58±0.40) meV at room temperature (300 K). Furthermore, the 

feasibility of polariton laser operation is demonstrated under non-resonant optical excitation 

conditions at 20 K and emission around 1.835 eV. 

© 2017 Optical Society of America 

OCIS codes: (190.5970) Semiconductor nonlinear optics including MGW; (140.3945) Microcavities; (160.3380) 

Laser materials. 
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1. Introduction 

Strong coupling between microcavity photons and quantum well (QW) excitons leads to the 

generation of new quasi-particles with a hybrid light-matter character named exciton-polaritons 

(polaritons). Since the first observation of polaritons in a GaAs/AlGaAs based semiconductor 

microcavity [1] it was possible to demonstrate strong coupling and polariton lasing [2,3] in 

many different semiconductor materials from low temperature [3-6] up to room temperature 

[7-10]. Nevertheless, the GaAs/AlGaAs material platform remains the workhorse material in 

polaritonics, due to its unprecedented material quality provided by state of the art molecular 

beam epitaxy. Due to the very small lattice mismatch between GaAs and AlAs, it is relatively 

easy to handle, and ideal for the fabrication of semiconductor microcavities with very high 

quality [11]. Moreover, it is well-established for the growth of doped structures and for 

complex processing technologies necessary for advanced spectroscopic experiments like 

electrically driven polariton lasing [12,13] or potential landscape engineering [14-16]. On the 

other hand, using GaAs QWs, polariton lasing is limited to temperatures below ~ 70 K [17] 

since the exciton binding energy is of the order of ~ 10 meV [18] which leads to a thermal 

dissociation of excitons above these temperatures. 

There have been efforts to realize samples with increased exciton binding energy based on 

GaAs in order to extend the temperature range of existing polariton devices. Increasing the 

light-matter coupling strength to be comparable to the binding energy and thus reaching the 

regime of very strong coupling [19,20] may stabilize excitons in GaAs even at room 

temperature [21]. In another approach, changing the QW material to AlGaAs could drastically 

increase the exciton binding energy which shows a sharp increase in bulk AlxGa1-xAs for x > 

0.3 similar to the increase of donor activation energy in this material [22-24]. Mixing of Γ-

valley electrons with the X- and L-valley leads to an increase of the electron effective mass 

which, in turn, should lead to an increase of the exciton binding energy that is proportional to 

its effective mass. Polariton lasing at 155 K was recently claimed for a sample with an 

Al0.31Ga0.69As/Al0.41Ga0.59As QW [25], but the unconventional microcavity geometry in a 

lateral configuration, which is highly unsuitable for advanced spectroscopic experiments, led 

to an open debate on the conclusions that were drawn based on measurements on such samples 

[26,27]. 

Besides the limitation to low temperature operation of GaAs QW based polariton 

microcavities, the emission energy of such structures has only been varied by adjusting the QW 

width as well as the Al-concentration of the barrier material. Therefore, the emission energy 

typically ranges from 1.61 eV [4] to 1.54 eV [28]. The Al-concentration of the QW itself can 

be used as another adjusting parameter by changing the QW material to AlGaAs which opens 

the way to a completely new energy range for GaAs/AlGaAs based polariton systems well up 

to ~ 2.0 eV. Therefore, those structures are highly suitable for strong coupling with commonly 

used transition metal dichalcogenide monolayers [29,30] and fluorescent proteins [31] in 

hybrid cavity approaches. 

Here, we investigate Al0.20Ga0.80As/AlAs QWs in a standard, vertically emitting 

microcavity. Calculations of the band diagram and temperature-dependent photoluminescence 

measurements of the bare quantum wells indicate a crossover from the type-II indirect to the 



type-I direct transition as well as exciton binding energies exceeding 25 meV, being necessary 

for stable excitons at room temperature. Strong coupling is observed over the whole 

temperature range from 20 K to 300 K. Furthermore, we performed power-dependent 

photoluminescence (PL) measurements under non-resonant excitation conditions at low 

temperature to test the structure for polariton lasing. 

2. Sample structure 

2.1 Sample growth 

The microcavity structure was grown by molecular beam epitaxy on a nominally undoped (001) 

GaAs substrate. It consists of a λ/2-AlAs cavity surrounded by AlAs/Al0.40Ga0.60As distributed 

Bragg reflectors (DBRs). The bottom (top) reflector consists of 28 (24) mirror pairs including 

3 nm GaAs smoothing layers after each mirror pair in the local minimum of the electromagnetic 

field. Three stacks, each consisting of four Al0.20Ga0.80As QWs with 9 nm width and separated 

by 4 nm AlAs barriers, are placed in the center of the cavity and the first mirror pair in the 

bottom (top) Bragg reflector. The layer structure is schematically depicted in Fig. 1(a) together 

with a scanning electron microscope image of the cavity region highlighting the embedded 

QWs in Fig. 1(b). The theoretical cavity Q-factor was extracted from transfer matrix 

calculations and amounts to ~ 6000. The bare QW properties were measured on a piece where 

the upper DBR was removed by reactive ion etching. Figure 1(c) shows the low excitation 

power PL (~ 0.5 W∙cm-2) of the QWs at ~ 20 K under cw-excitation at 532 nm with a frequency-

doubled Nd:YAG laser. The spot size is determined to be ~ 150 µm. Due to interface and 

composition fluctuations, the QWs exhibit a linewidth (full width at half maximum, FWHM) 

of 6.5 meV [32]. 

2.2 Band diagram and quantum well characteristics 

The well-established band parameters of the GaAs/AlGaAs material platform allow an accurate 

calculation of the band diagram and the energy states of the investigated QW system [33]. The 

band diagram and the respective calculated ground states of the different bands are shown in 

Fig. 2(a) at 5 K to provide a better understanding of the system. The Γ-band (solid black line), 

the X-band (solid red line) and the heavy hole valence band (solid orange line) are shown. 

Furthermore, the QW ground states of the heavy holes in the valence band (hh1)  

 

Fig. 1. (a) Schematic drawing of the layer structure of the investigated microcavity. (b) Scanning 

electron microscope image of the cavity region of the grown structure highlighting the three 

stacks of four Al0.20Ga0.80As quantum wells (red). (c) Low excitation power photoluminescence 
at 20 K of the 9 nm Al0.20Ga0.80As quantum well embedded in AlAs barriers. 



and the electrons in the conduction band (e1) calculated in the effective mass approximation 

are indicated by the dashed lines inside the Al0.20Ga0.80As QW region. Note that the AlAs barrier 

material acts as an additional QW for the X-band electrons. Therefore, the X-band energy states 

are also quantized in which the XZ state (red dashed line) with its k-vector perpendicular to the 

QW plane provides the ground state. In this low-temperature case, the type-II indirect transition 

from the quantized X-valley state in the barrier (XZ) to the first heavy hole QW energy state 

(hh1) is the lowest energy transition. With increasing temperature the band edges and therefore 

the energy states shift according to their Varshni-coefficients, resulting in a crossover to the 

type-I direct transition as lowest energy transition at approximately 70 K, Fig. 2(b). That means 

the lowest quantized energy state of the AlGaAs QWs in the conduction band corresponds to 

the conduction band ground state above the crossover temperature. 

Due to the reduced overlap of the electron and hole wave functions localized in the barrier 

and the QW material the type-II indirect transition (XZ-hh1) is less probable than the type-I 

direct transition (e1-hh1). Therefore, although the type-II indirect transition corresponds to the 

lowest energy transition below 70 K the type-I direct transition (e1-hh1) typically dominates 

the PL spectrum [34]. To verify this, we tracked the temperature-  

 

Fig. 2. (a) Calculated band diagram at low temperature (5 K) for the grown quantum wells. 
Shown are the Γ-band (solid black line), the X-band (solid red line) and the valence band (solid 

orange line). The arrows indicate the type-II indirect transition from the quantized X-valley state 

in the barrier (XZ) to the first heavy hole quantum well energy state (hh1) and the direct transition 

from the first Γ-valley state inside the quantum well to hh1. (b) Calculated energy difference 

between e1 and XZ as a function of temperature. Above ~ 70 K the quantum well system is 

direct. (c) Temperature-dependent photoluminescence of the bare exciton at low excitation 
power (~ 0.5 W∙cm-2), together with the calculated trend of the type-II indirect (green dotted 

line) and the type-I direct (red dashed line) transition. The calculated lines are shifted to fit the 

experimental values at low temperature. (d) Temperature-dependent intensity of the bare exciton 
photoluminescence, while keeping the excitation power constant at non-resonant excitation. The 

deviation from the decreasing photoluminescence intensity with increasing temperature around 

70 K indicates the crossover from the type-II indirect to the type-I direct transition, due to charge 
transfer between the valleys. Note that the direct transition was probes over the whole 

temperature range. 



dependent energy position of the PL peak in Fig. 2(c), which follows the calculated 

temperature-dependence of the type-I direct transition in the whole temperature range between 

low (20 K) and room temperature (300 K). 

The type-II indirect transition character of the sample can be seen around the crossover of 

the conduction band ground state from XZ to e1 at around 70 K in the temperature-dependent 

PL intensity, Fig. 2(d). We kept the excitation power constant and excited the sample non-

resonantly at 532 nm with a frequency-doubled Nd:YAG laser, while probing the 

photoluminescence intensity as a function of temperature. The PL intensity typically decreases 

with increasing temperature due to non-radiative recombination mechanisms [35]. Therefore, 

in Fig. 2(d) one would expect a continuous decrease of the integrated PL intensity. However, a 

strong deviation from this behavior is seen in the temperature range around 70 K where we 

expect the crossover from the type-II indirect to the type-I direct transition. We believe that the 

carrier trapped in the barrier material below 70 K start to transfer into the QW around the 

crossover. In turn, these additional carriers temporally counteract the decreasing PL intensity 

with increasing temperature [34]. We like to emphasize that the type-I direct transition was 

probed over the whole temperature range. However, the deviation from the decreasing PL 

intensity with increasing temperature is only an indication for a type-II to type-I transition. But 

we believe that the occurrence at nearly the same temperature as the calculated transition is a 

strong indication for an interplay between the X-valley of the barrier material and the Γ–valley 

of the QW material, necessary for intervalley mixing as proposed by Pearah et al. [24]. 

There is an almost constant offset between the energy of the low power PL peak and the 

calculated e1-hh1 transition energy without Coulomb interaction at all temperatures of (48±10) 

meV which we identify as the exciton binding energy. This value is in good agreement with 

literature [24], considering the spatial confinement of the QW structure. The error range is due 

to the uncertainty of Al-concentration and thickness of the QWs which were determined by X-

ray diffraction measurements. In a first simple effective mass approximation the exciton 

binding energy EB is given by 
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where m* is the effective mass of the conduction-band electrons, m0 the free-electron mass, ε 

the static dielectric constant of the semiconductor and Ry = 13.6 eV the Rydberg energy. 

Increasing the Al-concentration x of the quantum well material leads to an increase of m* and 

to a decrease of ε. Therefore, according to Eq. (1), an increase of x leads to a linear increase of 

the exciton binding energy EB. However, in the case where multiple valleys of the quantum 

well and the barrier conduction band has to be considered, the mixing of those further increases 

the binding energy, due to a non-linear increase of the overall effective mass [24]. A detailed 

treatment of a multivalley effective mass model can be found in [22]. The determined 

estimation for the exciton binding energy exceeds the value necessary for room temperature 

stable QW excitons. Therefore, our investigated AlGaAs-based microcavity system is probably 

suitable to promote polariton formation at high temperatures. 

In terms of photoluminescence intensity the design of the band diagram around the 

crossover is unfavorable, since the indirect transition competes with the direct one. On the other 

hand, the proximity of both transitions is necessary to achieve a sufficient intervalley mixing 

as proposed by Pearah et al. [24]. In our structure the band diagram is designed in the way that 

the energy difference between the electronic states in the conduction band barrier and quantum 

well is always less than the thermal energy. Therefore, we expect a sufficient intervalley mixing 

over the whole temperature range. However, the structure can easily be optimized for room 

temperature, simply by adjusting the width of the barrier and the QW but also shifting the 

emission energy. 



3. Results and discussion 

3.1 Temperature-dependent determination of the Rabi splitting 

As a first step, we confirm that strong coupling persists at room temperature by measuring the 

anti-crossing of QW exciton and cavity photon modes in temperature-dependent white-light 

reflection measurements. Due to the layer thickness gradient along the wafer introduced during 

sample growth (~ 20 meV/mm), it is possible to tune the cavity resonance through the exciton 

energy by varying the radial position of the light spot over the planar wafer. The Q-factor was 

artificially reduced in these measurements by removing approximately 10 mirror pairs from the 

top DBR via reactive ion etching to improve the contrast of the absorption resonances. Figures 

3(a) and 3(b) show reflection spectra at various positions obtained at 30 K (a) and 300 K (b). 

The respective spectra are shifted vertically for clarity while the photon-exciton detuning is 

changed from far red (bottom) to far blue (top). The arrows indicate the position of the 

individual polariton branches which we identify as the lower (LP), middle (MP) and the upper 

(UP) polariton. Clear anti-crossings between the LP and the MP as well as the MP and UP are 

visible at low- (30 K) and room temperature (300 K) as the cavity mode is tuned through the 

heavy hole- and light hole-exciton energies of the AlGaAs QWs. Rabi splittings ℏΩ are 

determined as the minimal difference between the fitted energies of the reflectivity dips, that 

means MP-LP as well as UP-MP, which are plotted in Figs. 3(c) and (d) for measurements at 

30 K (c) and at 300 K (d). The horizontal dashed lines mark the  

 

 

 

Fig. 3. White light reflection measurements of the planar microcavity sample at different 
positions on the wafer at 30 K (a) and 300 K (b). The spectra are shifted vertically such that the 

photon-exciton detuning shifts from red (bottom) to blue (top). Arrows indicate the position of 

the lower (LP), middle (MP) and the upper (UP) polariton branches. Extracted energies of the 
different polariton branches at 30 K (c) and 300 K (d). Clear anti-crossings between the LP and 

the MP as well as the MP and the UP are visible at both temperatures. Dashed lines mark the 

energy positions of the uncoupled heavy hole (Ehh) and the light hole (Elh) excitons. 



 

Fig. 4. (a) Temperature-dependent linewidth of the heavy hole QW exciton together with the 

fitted exponential function according to Eq. (4) (dashed red line). (b) Temperature-dependent 

Rabi-splitting extracted from white-light reflection measurements. The dashed red line 

represents a fit to the temperature-dependent heavy hole Rabi splitting using Eq. (3) while the 

dotted grey line represents a fit using the standard coupled oscillator approach, Eq. (2). 

measured energy position of the uncoupled heavy hole exciton (Ehh) and the light hole exciton 

(Elh). The heavy and light hole exciton are energetically separated by more than ~ 20 meV. 

Therefore, the coupling of both excitons to the cavity mode can be considered to be independent 

from each other. The detuning was estimated by tracking the energy of an additional reflectivity 

minimum outside the stop band which shifts parallel to the bare cavity mode. On the one hand, 

the heavy hole Rabi splitting between the MP and the LP at 30 K amounts to ℏΩ = (13.93±0.15) 

meV, while we extract a value of ℏΩ = (8.58±0.40) meV at 300 K. On the other hand, the light 

hole Rabi splitting between the UP and the MP at 30 K (300 K) amounts to ℏΩ = (10.43±0.20) 

meV (7.82±0.50 meV). We like to note that we attribute both crossings to the coupling between 

the cavity mode and the respective direct excitons in the whole temperature range, due to their 

significant higher oscillator strength. 

The Rabi splitting can be expressed in terms of the linewidths (FWHM) of the cavity 

photon γC and the respective QW exciton γX, as well as the coupling strength V between the 

cavity photon and the QW exciton. Here, we note that different measurement techniques yield 

different splittings between the polariton branches [36]. This effect becomes particularly 

dominant in the presence of strong emitter dephasing and finite reflectivity of the cavity, which 

leads to strong deviations from the standard coupled oscillator approach, including one cavity 

and one exciton mode as a system of two damped harmonic oscillators, coupled by the matrix 

element V [30]. In the standard coupled oscillator approach the Rabi splitting can be written as 
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while in the case of reflectivity measurements the Rabi splitting reads in the high reflectivity 

limit 
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The whole temperature-dependence of the Rabi splitting ℏΩ(T) can then be described by taking 

into account the temperature-dependent linewidth of the exciton [37] 
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while the coupling strength and the intrinsic cavity photon linewidth can be assumed to be 

temperature-independent. The parameter γinh in Eq. (4) describes the low-temperature 

inhomogeneous broadening due to interface roughness, while γAC and γLO describe the 

interaction strength with acoustic and longitudinal optical (LO) phonons. The material constant 

ℏΩLO specifies the LO-phonon energy which amounts to 37.4 meV in the used QWs [38]. To 

determine γX(T), we performed temperature-dependent white-light reflectivity measurements 

on the microcavity sample after removing the full top DBR via reactive ion etching such that 

the system is in the weak coupling regime. The determined temperature-dependent linewidth 

of the heavy hole exciton is plotted in Fig. 4(a). Fitting the obtained data  

with Eq. (4) yields γinh = (4.09±0.45) meV, γAC = (29.7±5.0) µeV/K and γLO = (11.8±4.0) meV, 

red dashed line in Fig. 4(a). The broadening due to acoustic phonons is negligible [10,37,39] 

whereas the contribution due to LO phonons is in a good agreement with literature [37]. The 

linewidth of the cavity photon was measured directly on the unetched microcavity sample far 

off resonance and amounts to γC = (2.05±0.10) meV. Discrepancy between the theoretical Q-

factor value and the experimental one is mainly due to the intrinsic sample gradient, limiting 

the measurable Q-factor, and is not reflecting the high-quality of the DBRs and the cavity. 

Furthermore, the sample gradient leads to increased losses of photons perpendicular to the 

growth direction which could be compensated by guiding the photons within etched micropillar 

structures. Repeating the detuning-dependent reflection measurements as discussed in Fig. 3 

for different temperatures, yields the temperature-dependent Rabi splitting plotted in Fig. 4(b). 

The heavy hole Rabi splitting can be fitted using Eq. (3) with only the coupling strength V as a 

free fitting parameter. The red dashed line in Fig. 4(b) represents the fitted temperature-

dependent heavy hole Rabi splitting using the fitted values from Fig. 4(a) for γX(T) and the 

measured photon linewidth. The heavy hole coupling strength amounts to V = (7.10±0.20) 

meV. The provided theory gives a very good agreement with the measured values for the Rabi 

splitting over the whole temperature range. On the other hand, the grey dotted line in Fig. 4(b) 

represents a fit using the standard coupled oscillator approach according to Eq. (2) and shows 

a strong deviation from the experimental data. 

3.2 Power-dependent photoluminescence 

Power-dependent PL emission of the unetched microcavity sample was investigated via 

momentum-resolved spectroscopy. The sample was mounted in a helium flow cryostat to cool 

it down to a temperature of ~ 20 K. A pulsed optical parametric oscillator (OPO) laser with a 

spot size of ~ 5 µm at a repetition rate of 20 Hz and with a pulse length of about ~ 8 ns was 

used for excitation. The laser energy was tuned to the reflectance minimum of the first high-

energy Bragg mode around 1.943 eV. A longpass filter with a cut-off energy of 1.907 eV was 

placed in front of the spectrometer to filter any scattered light from the laser. Figure 5(a) depicts 

the resulting spectra at different excitation powers. Under moderate excitation conditions of ~ 

21.8 W∙cm-2 per pulse, which corresponds to an average exciton density per pulse of ~ 1.4∙109 

cm-2, a parabolic dispersion which flattens to higher k||-vectors is observed, which we identify 

as the lower polariton branch (LP). For the estimated average exciton density per pulse we 

assume a coupling efficiency of the microscope objective of TObj = 0.80, a transmission of the 

cryostat window of TCryo = 0.90, and furthermore a sample reflectivity of RSample = 0.30 at the 

pumping wavelength extracted from low-temperature reflectivity measurements. Furthermore, 

we assume 1% absorption per QW. The spectrum was fitted using the standard coupled 

oscillator model by coupling the cavity mode with the heavy hole exciton. Taking fixed the 

experimental values for the exciton energy (1.8425 eV) and the Rabi splitting (13.9 meV), the 

cavity mode energy remains the only free fitting parameter. In this low temperature case, that 

means small emitter dephasing, Eq. (2) and (3) hardly differ from each other. This is why the 

experimental value taken from reflectivity measurements can be used as a fixed input parameter 

to fit the dispersion. Data fitting yields a heavy hole  



 

Fig. 5. (a) Momentum-resolved photoluminescence spectra at different excitation powers. The 

low power spectrum was fitted using the standard coupled oscillator model by coupling the 
cavity mode with the heavy hole exciton. White dashed lines indicate the lower (LP) and upper 

(UP) polariton branch, as well as the uncoupled exciton (X, red) and photon mode (C, green). 

(b) Power-dependent emission intensity and linewidth (FWHM), extracted from the momentum 
resolved spectra around zero k|| ~ 0. (c) Corresponding power-dependent emission energy. The 

vertical black line indicates the threshold, while the horizontal blue dashed line indicates the 

energy of the uncoupled cavity mode. 

photon-exciton detuning of δ ~ -2.0 meV. With increasing pump power, polariton lasing takes 

place which is manifested by a massive occupation of the lowest polariton energy state. To 

analyze the power-dependent PL emission in more detail, we extracted spectra around k|| = 

(0.00±0.15) µm-1 from the momentum resolved spectra. Figure 5(b) depicts the emission 

intensity as well as the evolution of the linewidth as a function of the pump power, Fig. 5(c) 

depicts the corresponding power-dependent emission energy as well as the bare cavity energy 

position (blue dashed line). With increasing pump power the integrated emission intensity 

shows a non-linear increase from which we extract a threshold average exciton density per 

pulse of ~ 1.1∙1010 cm-2. The non-linear increase is accompanied by a distinct linewidth drop 

and a continuing blue shift of the emission energy, which are typical indications of polariton 

lasing [40]. Increasing the pump power further leads to the formation of a second threshold 

attributed to the onset of photon lasing at an average exciton density per pulse of ~ 8∙1010 cm-

2. The offset between the uncoupled cavity mode, which is marked by the blue dashed line in 

Fig. 5(c), and the actual photon lasing can be attributed to an incompletely blueshift [41]. 

Another possible explanation could be that the photon laser mode is pinned to a maximum of 

the modal gain above the Mott density. 

Besides strong coupling between the cavity photon and the quantum well exciton, polariton 

lasing requires a mean occupation of the lower polariton branch ground state exceeding unity, 

leading to a non-linear increase of the ground state population due to stimulated scattering 

processes as a function of pump power. In the investigated microcavity structure the Q-factor 

limits the lower polariton lifetime around k|| ~ 0 for negative photon-exciton detunings to less 

than 3.5 ps which hinders the built up of a sufficient ground state population at elevated 

temperatures. With increasing temperature, the thermal escape of polaritons from the energy 



trap formed in k||-space by the lower polariton branch has to be compensated by increasing the 

negative photon-exciton detuning [42]. This, in turn, leads to a further decrease of the polariton 

lifetime. Therefore, we believe that by increasing the Q-factor of the GaAs/AlGaAs based 

microcavity structure, and thereby the polariton lifetime, polariton lasing at significant higher 

temperatures are within reach. 

4. Conclusion 

To conclude, in this letter we investigate the temperature-dependent Rabi splitting of an 

AlGaAs QW-based, vertically emitting microcavity. Significant anti-crossings of the cavity 

mode with heavy hole- and light hole-excitons are observed even at room temperature. The 

temperature-dependence of the Rabi splitting is well reproduced by the original model of 

Savona et al. [36], while the standard coupled oscillator model breaks down for increased 

temperature induced emitter dephasing. The band diagram of the cavity structure is designed 

around the crossover from the type-II indirect to the type-I direct transition. Therefore, the 

structure possible enables to exploit multivalley mixing between the X-valley electrons of the 

AlAs barrier and the Γ-valley electrons of the AlGaAs QWs in the conduction band which 

results in an estimated exciton binding energy exceeding 25 meV, necessary for room 

temperature stable excitons. Furthermore, we performed power-dependent photoluminescence 

measurements under non-resonant excitation conditions to test the structure for polariton 

lasing. Clear cut polariton lasing could be demonstrated at cryogenic temperatures (20 K) and 

an emission energy of 1.835 eV. We believe that the realization of polariton lasing in a 

GaAs/AlGaAs based microcavity structure opens the way to a wide variation of the polariton 

emission energy by adjusting the Al-concentration of the AlGaAs QWs. 
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