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Introduction

Direct integration of III-V materials onto silicon substrates is currently seen as the best route for achieving low cost and sustainable optoelectronic devices. Indeed, the integration of an ecient light source directly onto silicon provides the possibility of a direct connection to the underlying silicon circuitry allowing high-functionality, increased-scalability and low-cost photonic integrated circuits. Most of the sources demonstrated today lie in the infrared region over 1150 nm [START_REF] Li | O-band InAs/GaAs quantum dot laser monolithically integrated on exact (001) Si substrate[END_REF][START_REF] Chen | Electrically pumped continuous-wave 1.3µm InAs/GaAs quantum dot lasers monolithically grown on on-axis Si (001) substrates[END_REF][START_REF] Shi | Continuous-wave optically pumped 1.55 µm InAs/InAlGaAs quantum dot microdisk lasers epitaxially grown on silicon[END_REF] where silicon is transparent which minimizes propagation losses. Indeed, those sources are optically coupled to the silicon circuitry. Yet, there are other wavelengths of interest for emitters directly integrated on silicon.

For instance, red sources are of use in emitters for display applications but also in silicon photonic lab-on-chip technologies targeting the life science market.

However, for sources beneath 1150 nm there would be no optical coupling to the silicon circuitry. Direct integration of such a source on silicon would allow a low-cost chip to be made at a reduced material budget.

In order to make red laser diodes several optimizations were reported in literature over the years. The rst visible light emitting diodes (LEDs) were made out of gallium arsenide phosphide, GaAsP, grown on top of gallium arsenide (GaAs) wafers. However, due to the large lattice mismatch with GaAs lots of defects were added to the layers. This is a non-existent concern with aluminum gallium arsenide (AlGaAs) as it is almost completely matched to GaAs. Hence, AlGaAs double heterostructures were used [START_REF] Yamamoto | Room-temperature cw operation in the visible spectral range of 680700 nm by AlGaAs double heterojunction lasers[END_REF]. Further on, AlGaAs and GaAs single quantum well structures were used [START_REF] Hayakawa | High reliability in AlGaAs laser diodes prepared by molecular beam epitaxy on 0.5°-misoriented (111)B substrates[END_REF]. Then, AlGaAs and GaAs multiple quantum well structures were grown [START_REF] Hayakawa | Low-threshold room-temperature cw operation of (AlGaAs) m (GaAs) n superlattice quantum well lasers emitting at ∼680 nm[END_REF]. Nowadays, quaternary alloys as aluminum gallium indium phosphide, AlInGaP, [START_REF] Streubel | High brightness visible (660 nm) resonant-cavity light-emitting diode[END_REF][START_REF] Kaspari | Growth parameter optimization of the GaInP/AlGaInP active zone of 635nm red laser diodes[END_REF] are used which allows for a bandgap tuning while, being lattice matched to the substrate. However, due to the use of selective epitaxial growth, the use of quaternary alloys is challenging, which is why the GaAs/AlGaAs structure was chosen for the scope of this study. However, GaAs and AlGaAs materials exhibit a large lattice mismatch and a highly contrasting thermal expansion coecient and a polarity dierence with silicon. This makes integration on silicon challenging regarding not having too many structural defects in the layers. Following years of research on those materials, two of the challenges can be taken care of. The dierence of thermal expansion coecient happens to not be a problem under around 7 µm of deposited material [START_REF] Yang | Crack formation in GaAs heteroepitaxial lms on Si and SiGe virtual substrates[END_REF]. Antiphase boundaries can be suppressed using a pretreatment of the silicon [START_REF] Alcotte | Epitaxial growth of antiphase boundary free GaAs layer on 300 mm Si(001) substrate by metalorganic chemical vapour deposition with high mobility[END_REF]. Yet, the dislocations challenge arising from the lattice mismatch is still a threat to the optical emission and further on to the lifetime of future devices [START_REF] Jung | Impact of threading dislocation density on the lifetime of InAs quantum dot lasers on Si[END_REF]. Dierent techniques are used to reduce dislocations in the active part of the devices. For example, strained layer super-lattices and thermal cycle annealing have proven to be ecient at reducing the dislocation density [START_REF] Tang | 1.3µm InAs/GaAs quantum-dot lasers monolithically grown on Si substrates using InAlAs/GaAs dislocation lter layers[END_REF][START_REF] Hayafuji | Eect of employing positions of thermal cyclic annealing and strained-layer superlattice on defect reduction in GaAs-on-si[END_REF]. However, they are time consuming and have a higher supply cost as much more material has to be grown. In order to make the process scalable for industry process, Aspect Ratio Trapping (ART) technique has been gaining attraction in the past years. It has been demonstrated to provide high quality material by conning the defects inside the opening of the dielectric pattern, or on the sides of the epitaxy [START_REF] Kunert | III/V nano ridge structures for optical applications on patterned 300 mm silicon substrate[END_REF][START_REF] Megalini | 1550-nm InGaAsP multi-quantum-well structures selectively grown on v-groove-patterned SOI substrates[END_REF][START_REF] Li | InGaAs/InP multi-quantum-well nanowires with a lower optical leakage loss on v-groove-patterned SOI substrates[END_REF]. Accordingly, the top part has less defects which grants the possibility of creating a device. Besides, the rst ART optically pumped strip nano-laser was demonstrated in 2015 [START_REF] Wang | Novel light source integration approaches for silicon photonics[END_REF], and since the end of 2017 more demonstrators are currently being shown [START_REF] Han | Room-temperature InP/InGaAs nano-ridge lasers grown on si and emitting at telecom bands[END_REF][START_REF] Shi | Continuous-wave optically pumped 1.55 µm InAs/InAlGaAs quantum dot microdisk lasers epitaxially grown on silicon[END_REF][START_REF] Han | Telecom InP/InGaAs nanolaser array directly grown on (001) silicon-on-insulator[END_REF].

Most of these studies are dedicated to infra-red emission for Telecom and Datacom applications and deal with InGaAs alloys. There are few studies concerning AlGaAs alloys selectively grown on Si substrates for red emission. For application purpose, it is mandatory to control the materials quality and composition obtained by selective epitaxial growth (SEG) inside cavities.

In this paper, we have studied the selective epitaxy of GaAs/AlGaAs multilayers by using ART method. The heterostructures are grown by Metal-organic Chemical Vapor deposition (MOCVD) on patterned nominal 300 mm silicon (001) substrates, allowing direct integration of red sources with reduced structural defects.

Experimental details

On a Si (001) substrate, a 180 nm thick SiO 2 mask was deposited by plasma enhanced chemical vapor deposition and stripe patterns of 300 nm wide and several microns in length were formed by conventional photolithography and plasma etching process. The lines lie along the <110> direction. Then, a wet tetramethylammonium hydroxide (TMAH) solution etch was undergone by the wafers to reveal the {111} planes of the silicon at the bottom of the ridges. We will refer to them as V-grooves. The wafers were prepared by a 6 min long dipping in a diluted solution containing 25% TMAH at 80

• C. The obtained trenches are about 400 nm in depth. Lastly, before the growth a SiCoNiprocess was executed for surface cleaning and desoxydation. The SiCoNiprocess relies on a remote plasma which creates reactive by-product species. When in contact with silicon oxide these species react and form a thin solid layer on the surface of the substrate which is then removed by sublimation [START_REF] Raynal | Wet and Siconi® cleaning sequences for SiGe p-type metal oxide semiconductor channels[END_REF]. The SEG was later accomplished using an Applied Materials 300 mm MOCVD system. Figure 1 shows and 355 µmol.min -1 respectively. In order to make the vertical stack structure, a rst GaAs layer was grown using a two-step process combining a low temperature nucleation layer followed by a high temperature layer of better structural quality. It allows to form dierent crystallographic planes on the GaAs ridge.

Afterwards the AlGaAs quantum well (QW) structure was designed and grown to obtain a red emission around 650 nm and 700 nm. All samples were capped by a 20 nm GaAs layer to prevent oxidation on the AlGaAs underlying structure. It is to note that the samples and focused ion beam (FIB) made lamellae were kept under N 2 atmosphere to avoid unwanted air exposure. SEM is used with an EDAX Hikari Super backscattered electron detector at 30 kV. The analysis was performed with this technique, referred to as Electron Channelling Contrast Imagery (ECCI), on a typical area of 1.8 × 10 -7 cm 2 .

Results and discussion

The composition of the Al x Ga 1-x As/Al y Ga 1-y As heterostructure was sim- ulated in 2D with RSoft-LaserMOD software to obtain red emission. The Al composition of the barriers, cladding layer and quantum wells were calculated to be 45% and 30% respectively. The Al compositions were calculated to be 45%

for the barriers and cladding layers and 30% for the quantum wells. The thickness and composition of the bottom cladding layer is estimated to be 400 nm to avoid the optical losses in the underlying GaAs buer and silicon substrate as well. The ideal structure is presented in Figure 1.

The growth of this structure by SEG-ART has been studied. To reduce the structural defects density [START_REF] Cipro | Low defect InGaAs quantum well selectively grown by metal organic chemical vapor deposition on Si(100) 300 mm wafers for next generation non planar devices[END_REF] in the active part of the device, a 400 nm GaAs buer layer is grown inside the SiO 2 cavity before the growth of the AlGaAs cladding layer and multiple quantum wells out of the cavity. To avoid air exposure of Al containing layers, a GaAs capping was deposited at the top of the vertical structure. The relevant growth parameters for this study are reported in Table 1 and have been calibrated on blanket wafers to match the right composition.

The typical ART process starts with the direct growth of a GaAs layer on the Si {111} planes using a standard two steps process: low temperature (LT)

and high temperature (HT) [START_REF] Cipro | Low defect InGaAs quantum well selectively grown by metal organic chemical vapor deposition on Si(100) 300 mm wafers for next generation non planar devices[END_REF]. The growth temperature, T growth , for the HT step has been varied from 600

• C to 650 • C. Figure 2 presents cross-sections of samples A1 and B1 after the complete heterostructure growth. If we focus solely on the GaAs buer layer, the impact of T growth on the GaAs shape is obvious.

For A1 sample (600 • C but with a shorter growth time than samples from series B. This growth temperature eect on morphology during SEG has already been documented in literature [START_REF] Gil-Lafon | Submicrometer scale growth morphology control: a new route for the making of photonic crystal structures?[END_REF][START_REF] Cipro | Epitaxie en phase vapeur aux organométalliques et caractérisation de semi-conducteur III-As sur substrat silicium dans une plateforme microélectronique[END_REF]. We wanted to point out the fact that for device purpose, the rectangular shape with a at top surface is desirable for the growth of QWs.

• C), presented in
Then, the impact of these shapes on the growth of the AlGaAs heterostruc- The Al content for the dierent zone and each GaAs buer shapes are summarized in Table 2.

While considering all the geometries (at, pyramidal, nailhead), the Al incorporation remains constant for a dedicated facet and the same AlGaAs growth conditions. In samples A2, B2 and C2 zone 2 has a 26% Al content, zones 3a From Figure 2 and Figure 3, the AlGaAs growth rate on the dierent facets can be extracted. For samples A1 and B1 the growth rates are respectively 1.1 nm/s along the (001) plane and 0.3 nm/s along the {110} planes. For B2 sample, the growth along the {111} planes is 1.2 nm/s. For samples A2, B2 and C2, the growth rates remain the same for the growth upon planes (001) and {111}

and doubles to 0.6 nm/s for the growth upon {110} planes. Therefore, with a doubled TMAl precursor ux, the lateral expansion of the ridge is favored. A summary of the dierent growth rates is presented in Table 3.

For all the samples, the growth rates are from highest to lowest obtained in the following order {111} > (001) > > {110}. From Table 2, the Al incorporation is from highest to lowest grown upon the following facets (001) > {111} > {110}. It is possible to notice that for samples with number 2, the aluminum In incorporation in In x Ga 1-x As alloys grown on dierent orientations by El- sner et al. [START_REF] Elsner | Deposition by LP-MOVPE in the ga-in-as-p system on dierently oriented substrates[END_REF]. Indeed, here when doubling the TMAl ow in the chamber an enhanced Al incorporation is observed on facets (001) and {111} however, the growth rates on those facets remains identical.

However, similar ndings to our structures were also shown by Borg et al.

They report the growth of InGaAs horizontal structures using Template Assisted Selective Epitaxy (TASE) [START_REF] Borg | Facetselective group-III incorporation in InGaAs template assisted selective epitaxy[END_REF]. Their structures were grown inside a horizontal template having the same shape as our nished structures. Their structures exhibit two compositional regions comparable to our series A samples. Due to their use of TASE templates the main mechanism explaining the incorporation dierences are reaction limited. This allows to govern the growth by a facet-dependent chemical reaction [START_REF] Borg | Facetselective group-III incorporation in InGaAs template assisted selective epitaxy[END_REF]. In our case we should not be limited by chemical rate but rather by mass transport as our AlGaAs growth occurs outside the patterned trenches hence, entering in a regime where one should start exhibiting similar growth as on planar substrates. Nonetheless, we also seem to be in the limited reaction regime. Indeed, similar structures grown on non-planar substrates exhibiting compositional variations depending on the crystallographic planes they are grown upon were presented by Biasiol and Kapon [START_REF] Biasiol | Mechanisms of self-ordering of quantum nanostructures grown on nonplanar surfaces[END_REF]. They referred to them as "self-limiting" due to the appearance of a growth front in between the various compositions. Their self-limiting evolution depends on growth rate anisotropy exhibited on the dierent facets and capillarity induced diusion. Here, we observe that the dierent growth rates that we have on the various facets plays a critical role. We will also show that we exhibit capillarity induced diusion.

Schematic scenarios for the growth of AlGaAs on the dierent shaped GaAs buer layers are drawn in Figure 4. Faster growth rate upon {111} facets always leads to its disappearance, leaving room for growth only on (001) and {110} facets. A similar eect was depicted for silicon SEG at high temperatures [START_REF] Dutartre | Facet propagation in si and SiGe epitaxy or etching[END_REF].

The zone grown on the (001) facet allows for a smooth integration of quantum wells at the top of the structure with desired composition for red emission. The impact of the heterostructures grown on the {110} facets has to be evaluated.

Sample A2, as a representative example, has been characterized by HRSTEM to carefully examine the transition between the alloys grown on {110} facets and (001) plane. and {111} facets. On each side of the curvature the two zones 2 and 3a can be well identied. Added to that, one can recognize the very dark contrast at the growth front and notice that it starts close to the curvature of the GaAs. This almost black contrast can be attributed to a uctuation of Al content. This singularity was also documented in corner-overgrown GaAs/AlGaAs core-shell nanowires [START_REF] Steinke | Nanometer-scale sharpness in corner-overgrown heterostructures[END_REF][START_REF] Mancini | Three-dimensional nanoscale study of al segregation and quantum dot formation in GaAs/AlGaAs core-shell nanowires[END_REF]. It was associated with curvature-induced capillarity eects, leading to ternary alloy segregation and hence allowing aluminum uctuation [START_REF] Rudolph | Spontaneous alloy composition ordering in GaAs-AlGaAs coreshell nanowires[END_REF][START_REF] Loitsch | Suppression of alloy uctuations in GaAs-AlGaAs coreshell nanowires[END_REF]. In our case segregation of aluminum from high Al-content to low Al-content zone could explain this eect. Indeed, from Biasol and Kapon's paper [START_REF] Biasiol | Mechanisms of self-ordering of quantum nanostructures grown on nonplanar surfaces[END_REF] the non-uniform prole of the chemical prole and the strong bonds exhibited by Al towards As compared to Ga bonds to As boosts Al incorporation at the convex edges. Therefore, we can safely assume that the specic growth we obtain can be explained solely by the growth rate anisotropy and the capillarity induced eects on the convex edges.

To investigate the impact of the various Al incorporation in function of the GaAs shaped buer, cathodoluminescence (CL) experiments were made at 10 K in cross-section and in top-view. The same type of measurements has been done on the other samples and they exhibit the same characteristics.

In regards to the A1 sample, shown in Figure 6(d), the contribution from the GaAs is very low which is attributed to the geometry of Al incorporation inside the structure. One can nd similar contributions as the one seen in B1 sample.

Quantum wells emit around 700 nm +/-5 nm, the underlying AlGaAs region emits between 760 nm and 825 nm. The barriers have an emission around 675 nm +/-10 nm.

For both samples the emission from the quantum wells and the barriers are localized at the center of the ridge. As shown in Figure 5(b), the quantum wells curvature observed between zone 2 and 3 allows to have a particularly well conned emission zone on the center part of the structure. This phenomenon has already been reported by Kunert et al. [START_REF] Kunert | III/V nano ridge structures for optical applications on patterned 300 mm silicon substrate[END_REF].

However, the signal intensity is much higher in sample A1 than in sample B1. From this, it is then possible to see that the underlying morphology of the samples seems to play a key role in the optical response of the structure. Therefore, it is of utmost importance to understand how the facet growth happens in order to get the best emitting structure for a future integration. As Figure 6 wells emission from a top-view point for this same sample. Figure 7 shows a very high intensity emission from the quantum wells of sample A1. Indeed, for the same integration time with the same conditions B1 sample has 4 times less signal than A1 sample.

CL taken in top view reveals the presence of dark spots which could be attributed to crystalline defects. Indeed, although ART method has been used to prevent the propagation of defects outside of the cavities, the aspect ratio height of our sample's cavities is 0.35 whereas, a value above 1.43 is required to be really eective [START_REF] Kunert | How to control defect formation in monolithic III/v hetero-epitaxy on (100) si? a critical review on current approaches[END_REF]. Accordingly, some defects should still propagate to the top part of the structure. A defect analysis was then performed to see if the registered number of dark spots could be connected to a measured defect density.

The presence of crystalline defects inside our heterostructures has been analyzed by SEM in cross section perpendicularly to the wire (Figure 8 In a 2 µm long section only, one twin is observed and the defects density beneath the quantum wells position is evaluated to be 2.8 × 10 8 cm -2 . Half of the defects are linear ones and the other half are planar ones. The total number of defects can also be accounted as a linear density, here 1.6 defects/µm. As a comparison, it is possible to observe around 42 extinction points in CL analyses for a 30 µm long wire. The linear density is hence 1.4 dark spots/µm which is consistent with the crystalline defect linear density. Thus, it highlights the importance of mastering the propagation of the defects to conne them in the trench part. Our results are consistent with the ones from Kunert's group [START_REF] Kunert | How to control defect formation in monolithic III/v hetero-epitaxy on (100) si? a critical review on current approaches[END_REF] obtained for similar sized trenches.

Conclusions

We have presented an analysis of compositional variation in the case of selective growth of AlGaAs multilayers on GaAs using selective epitaxial growth inside V-groove SiO 2 ridges on (001) silicon 300 mm. We can acknowledge the specic type of growth depending on crystallographic orientation that happens with AlGaAs alloys using EDX measurements and TEM microscopy. We conrmed that our structures show higher Al incorporation upon the (001) facet.

Moreover, the self-limiting growth phenomenon favors the expansion of the top facet. This allows a planar integration of quantum wells. We also demonstrated that the underlying morphology highly impacts the optical response.

One needs to favor the simpler underlying structure. Indeed, by lessening the number of compositional areas the better the optical response of the structure is. We also emphasize the importance of decreasing the defect density as they hinder drastically the luminescence of parts of the sample. From all the above characterizations the rectangular shaped GaAs conguration, made of one (001) top plane and two {110} facets at the sidewalls, seems much more adapted for an optical emitter. Which would require adding a top AlGaAs cladding layer for the optical guiding. The results emphasize the promise of those aspect selective epitaxial grown structures for future optical emission on an integrated silicon platform.

  a descriptive diagram of the obtained strip structures. The used precursor gases are Tri-Methyl Gallium (TMGa), Tri-Methyl Aluminum (TMAl) and Tertiary-Butyl-Arsine (TBAs) as Ga, Al and As sources. During the GaAs wire growth, the ux of TBAs and TMGa remained at values of 3015 µmol.min -1

Figure 1 :

 1 Figure 1: Descriptive diagram of the obtained ridge structures With the GaAs buer, the AlGaAs cladding layer and the multiple quantum well (MQW) structure

Figure 2 (

 2 a), a rectangular GaAs buer made of one (001) top plane and two {110} facets at the sidewalls is formed. For B1 sample (650 • C), shown in Figure 2(b), a pyramidal GaAs buer made of two {111} and two {110} facets is obtained. A third shape called nailhead structure, sample C2, is formed as growth proceeds at 650

Figure 2 :

 2 Figure 2: Cross-sectional Brigth-Field STEM images of the GaAs/AlGaAs ridge perpendicular to the ridge's direction showing three AlGaAs QWs embedded inside an AlGaAs matrix with GaAs grown at (a) 600 • C for sample A1 and (b) 650 • C for sample B1. The dierent zones of Al incorporation are indicated with numbers ranging from 1 to 4b. The three colour lines show where the EDX proles where realized.

Figure 3 :

 3 Figure 3: (a) Cross-sectional HAADF-STEM image of sample C2 the dierent zones of Al incorporation are indicated with numbers ranging from 1 to 4b. (b) EDX proles of Al in sample C1. (c), (d) and (e) EDX mapping of Al, Ga and As elements in the sample.

2 Figure 4 :

 24 Figure 4: Schematic illustration in three growth steps of the combined growth on the various facets leading to the nal compositional structure. The left hand-sight represents samples from series A the right hand-sight samples from series B and C. The growth upon facets (001), {110} and {111} are shown in orange, blue and green.

Figure 5 :

 5 Figure 5: (a) TEM microscopy of the interface zone on sample A2. (b) TEM microscopy of the interface zone on sample A2 zoomed on the QW zone. (c) Concave faceting of GaAs stud.
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 5 Figure 5(a) presents the QWs and cladding regions where a clear and abrupt separation between zone 2 and 3a can be observed. From the zoom shown in gure 5(b), on can see a very dark contrast at the growth front in between zones 2 and 3a. A closer look can be taken by paying closer attention at the transition between the GaAs buer and the cladding layer, where growth starts both on (001) and {111} planes as displayed in gure 5(c). Actually, one can see a curved GaAs structure where one could expect an edge in between (001)

Figure 6 (

 6 Figure 6(c) shows a 10 K panchromatic CL mapping of B1 sample taken in cross-section. The quantum wells emission is centered around 690 nm +/-5 nm as displayed in green. In contrast the barriers emit around 664 nm +/-10 nm as shown in blue in gure 6(b), and the AlGaAs cladding layer emitting between 800 nm and 850 nm as shown in red in gure 6(a). The barriers and cladding layers have a ve to six times lower intensity as compared to the quantum wells.

  (d) shows a 10 K panchromatic CL cross-section mapping of quantum wells contribution in sample A1, Figure 7(b) displays the quantum

Figure 6 :

 6 Figure 6: 10 K panchromatic CL mapping superposed to the FIB-SEM cross-section to visualize the dierent contributions. (a) GaAs and low containing Al in the AlGaAs layers between 800 and 850 nm for sample B1. (b) Barriers contribution at 664 nm for sample B1. (c) QWs contribution at 690 nm for sample B1. (d) QWs contribution at 700 nm for sample A1.

Figure 7 :Figure 8 :

 78 Figure 7: (a) Top-view SEM image of the mapped ridge. (b) 10 K panchromatic CL mapping of quantum wells, at 700 nm, contribution in sample A1.

  (a)) and along the wire direction (Figure 8(b)). The images reveal that most of the dislocations are conned in the bottom part of the ridge. The top view image taken using a backscattered electron detector inside a SEM, allows to image existing defects at the surface by ECCI technique on a relevant total area of around 1.8 × 10 -7 cm 2 .

Table 1 :

 1 Summary of the dierent grown samples

	Series	Sample	Obtained facets on	GaAs,	TMAl ux	TMAl ux
		number	GaAs ridge	T growth	for	bar-	for	QWs
				[ • C]	riers	and	[µmol.min -1 ]
					cladding	
					[µmol.min -1 ]	
		1			12		7.8
	A		(001) & {110}	600			
		2			24		15.6
		1			12		7.8
	B		{110} & {111}				
		2		650	24		15.6
	C	2	(001) & {110} &		24		15.6
			{111}				

Table 2 :

 2 Summary of Al incorporation inside the dierent zones

					Al [at. %] in zone		
	Series	Sample number					
			1	2 (001)	3a {110}	3b {110}	4a {111}	4b {111}
		1	1.8 +/-	14.0 +/-	7.4 +/-	7.7 +/-		
	A						No {111} facets
			0.1	0.9	1.6	1.1		
		2	1.8 +/-	26.2 +/-	13.0 +/-	13.1 +/-		
			0.2	0.4	1.9	2.3		
		1	1.6 +/-	14.1 +/-	7.5 +/-	7.0 +/-	12.7 +/-	13.0 +/-
	B							
			0.2	0.4	0.7	0.9	1.5	0.3
		2	1.7 +/-	26.6 +/-	14.2 +/-	14.3 +/-	18.5 +/-	22.2 +/-
			0.5	1.2	1.9	1.4	3.1	3.7
	C	2	1.8 +/-	25.8 +/-	13.5 +/-	13.3 +/-	17.6 +/-	15.8 +/-
			0.1	0.1	0.2	1.3	0.6	1.1
	and 3b contain 14% Al. Samples B2 and C2 exhibit two supplementary zones,	
	4a and 4b containing around 20% Al. In regards to sample A1 and B1 zone 2	
	holds a 14% incorporation of Al and zones 3a and 3b include 7% Al.	

Table 3 :

 3 Summary of the AlGaAs layers growth rate upon the various facets.

				Growth rate [nm/s]
	Series	Sample number	
			Zone 2 (001)	Zone 3 {110}	Zone 4 {111}
		1		0.3
	A			No {111} facets
		2		0.6
		1	1.1	0.3
	B		
		2		1.2
				0.6
	C	2	

incorporation in each zone is approximately doubled compared to the same zone in samples with number 1, which is consistent with the increase of the TMAl ux. From these observations, it is not easy to correlate the growth rate with the incorporation of Al in the dierent zones as it was previously shown for
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