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Sub-meV photoluminescence linewidth and >106 cm2/Vs electron mobility
in AlGaAs/GaAs quantum wells grown by metalorganic vapor phase
epitaxy on slightly misoriented substrates
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We report sub-meV �as low as 0.6 meV� low-temperature photoluminescence linewidth and high
low-temperature electron mobility ���1−1.5�106 cm2/Vs� of GaAs quantum wells in AlGaAs
barriers grown by standard metalorganic vapor phase epitaxy. These records values are achieved by
epitaxial growth on �100� slightly misoriented substrates ��0.6 degrees off-�100� GaAs substrates�
in combination with a high V/III ratio for AlGaAs growth. Such small misorientations are sufficient
to drastically modify the optical and transport properties as well as the growth mode and surface
morphologies of both GaAs and AlGaAs epitaxial layers, allowing greater interface quality and
reduced impurity incorporation. The quantum wells so obtained show optical properties comparable
to high-quality samples grown by molecular beam epitaxy. In addition, the slight misorientation
considerably reduces the impact of substrate temperature on electron mobility, which allows
achieving high values of � within a much broader range of growth temperatures. © 2006 American
Institute of Physics. �DOI: 10.1063/1.2195370�
I. INTRODUCTION

The properties of III-V semiconductor quantum wells
�QWs� have been the subject of intense research effort, mo-
tivated by their use in fundamental studies in solid state
physics for both optical1–4 and transport studies,5,6 as well as
in important applications in electronic and optoelectronic de-
vices. On the applications front, III-V QWs are at the very
heart of many everyday-use and industrial semiconductor la-
sers, while high-electron-mobility transistors based on III-V
compound semiconductor heterostructures have become the
main electronic component in a wide range of systems in-
cluding mobile telephones, radio telescopes, satellite televi-
sion receivers and satellite navigation devices.7 These com-
ponents rely on both high-quality epitaxial layers as well as
on cost-effective, large-scale production facilities. In this
context, metalorganic vapor phase epitaxy �MOVPE� is often
the crystal growth technique of choice.

The key ingredients for obtaining high-quality III-V het-
erostructures are low impurity incorporation and well-
controlled interfaces. Useful parameters for assessing the
combined purity and interface quality of QW structures is
their low-temperature photoluminescence �PL� linewidth and
the electron mobility in modulation doped structures.8 Con-
cerning the optical properties, several groups have reported
sub-meV low-temperature PL linewidths for GaAs/AlGaAs
QWs grown by molecular beam epitaxy �MBE�.2,9 Moreover,
the perpetual quest for higher electron mobilities, pursued
mainly with compound semiconductors grown by MBE, has
led to record values as high as �=3.1�107 cm2/Vs for

30 nm thick GaAs/AlGaAs quantum wells �QWs� at low
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temperatures.6 Such narrow linewidths and high mobility
materials are particularly important for investigating the fine
structure of confined excitons and exciton complexes1,2,4 or
novel electrical transport phenomena such as the fractional
quantum Hall effect.5

Metalorganic vapor phase epitaxy has not reached so far
this level of quality. On the optics side, low-temperature PL
spectra of �9–10 nm GaAs/AlGaAs QWs showing full
width at half maximum �FWHM� of �4.0/ �2.5 meV, re-
ported by Dupuis et al.10 and Kuech et al.,11 respectively,
represent some of the best results published so far by other
groups.12 Actually, no major improvement in the optical
properties of GaAs in AlGaAs QWs by MOVPE appears to
have been reported in the last 20 years.13 Moreover, if com-
pared to MBE, MOVPE-grown materials have traditionally
shown lower electron-mobility values and significant repro-
ducibility difficulties, normally attributed to both reactor and
precursor purity issues. The highest mobility by MOVPE to
date was demonstrated by Chui et al.,14 who have measured
�=2�106 cm2/Vs in a GaAs/AlGaAs �single interface�
heterojunction under illumination at 0.3 K, with a two-
dimensional electron gas �2DEG� carrier density of n=3.2
�1011 cm−2 and using tertiarybutylarsine as group V precur-
sor. The highest mobility reported with the conventional
group V precursor arsine is 1.3�106 cm2/Vs with a carrier
density of n=4.8�1011 cm−2.15 All these results were ob-
tained with AlGaAs/GaAs heterojunctions, which expose
the 2DEG to a single AlGaAs interface and thus should be
less sensitive to interface roughness and scattering from
charged impurities in the AlGaAs layers as compared to QW

double heterostructures. To the authors’ knowledge, no sig-
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nificantly high mobilities have been reported for GaAs QWs
grown by MOVPE with AlGaAs barriers, irrespective of the
group V precursor choice.

It should be emphasized, however, that the growth
mechanisms involved in MOVPE are very different and
more complex than those underlying MBE, particularly as
they include precursor molecule transport and decomposi-
tion. Hence, more insight into the parameters affecting the
crystalline and electronic quality of semiconductor QWs
grown by MOVPE is much needed. In this context, the effect
of substrate misorientation on the PL spectra of
GaAs/AlGaAs QWs grown by MOVPE has been already
investigated. Several publications report the analysis of the
surface morphologies of the annealed GaAs surface layers in
an attempt to correlate them with the PL properties of the
active QW layers. Substrate misorientation with respect to
the �100� planes has been shown to give rise to different
surface ordering and/or step arrangements. While earlier
studies16,17 had covered misorientations in the 0.5°–8° range
�in fact, irrespectively of the growth technique used�, we
recently reported12 that even smaller offsets �0.2–0.3 de-
grees� from the nominal �100� surface significantly affect the
optical properties of GaAs/AlGaAs QWs. Significant elec-
tron mobility values, about 5�105 cm2/Vs, were also re-
ported for MOVPE-grown 2DEG GaAs/AlGaAs QW struc-
tures made on 0°–0.3° misoriented �100� substrates with a
nonoptimized sample structure.12 However, the mechanisms
and limits of this approach concerning electrical transport
have not yet been addressed.

In this work we report on an investigation of the remark-
able effects of small substrate misorientations �and surface
morphology� on both the optical properties and the electron
mobilities of GaAs/AlGaAs QWs and 2DEG structures
grown by MOVPE using AsH3 as a group V precursor. We
obtained a substantial improvement for the low-temperature
PL linewidths and for the electron mobilities by further op-
timization and extended range of growth parameters. Record
photoluminescence full widths at half maximum, as low as
0.6 meV for 15 nm thick GaAs/Al0.3Ga0.7As QWs, were ob-
served. Record low-temperature �1.4 K� electron mobilities,
as high as �1.5 million cm2/Vs, in a 14 nm thick QW with
a two-dimensional �2D� carrier density of 4.6�1011 cm−2

without illumination, were also achieved. We show here that
two main ingredients are necessary for attaining such values:
a proper choice of substrate vicinal surface in the range
0.1°–0.6° off the perfect �100� orientation, and a specific
combination of growth conditions, particularly V/III ratio,
growth temperature, and growth rate.

II. EXPERIMENTAL DETAILS

The samples were grown in a commercial, horizontal
MOVPE reactor at 20 mbar using trimethylgallium, trim-
ethylaluminum and purified arsine. Disilane was used as the
n-type dopant source, while purified nitrogen was used as a
carrier gas. Two sets of samples were grown, one dedicated
to photoluminescence studies, the other to transport charac-
terization. It is important to observe that the two sets of

sample do not perfectly overlap in terms of “best” growth
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parameters as a result of our optimization procedure. Never-
theless, for all the samples, the growth rate was kept at
1 � /h ��1 monolayer/s� for the AlyGa1−yAs layers. Growth
temperatures �we will refer here always to the estimated sur-
face temperature� and �100� substrate misorientation �always
off-�100� towards the �111�A direction ±0.02°� were varied
as described in the text.

The samples for the optical studies included 3 GaAs
quantum wells �2, 5, and 15 nm thick� separated by 300 nm
thick Al0.3Ga0.7As barriers, with a 30 nm thick GaAs cap.
The buffer consisted of 500 nm GaAs and 500 nm
Al0.3Ga0.7As layers. The quoted layer thicknesses and con-
centrations are the nominal values. The V/III ratio was dif-
ferent for the GaAs layers and for the Al0.3Ga0.7As as stated
in the text. No growth interruption was performed. Photolu-
minescence �PL� spectra were acquired at 10 K �unless oth-
erwise stated� with the samples mounted on the cold finger
of a helium-flow cryostat and excited using the 514 nm line
of an Ar-ion laser.

All transport structures were identical with the exception
of the growth temperature �Tg� and for the substrate choice,
with misorientations varying from “exactly” �100� to 0.6°
off. They consisted of 300 nm GaAs buffer, 500 nm
Al0.27Ga0.73As buffer, 30 nm Si-doped ��2�1018 cm−3�
Al0.27Ga0.73As layer, 80 nm undoped Al0.27Ga0.73As spacer,
14 nm GaAs QW, 30 nm undoped Al0.27Ga0.73As spacer,
30 nm Si-doped Al0.27Ga0.73As layer, 100 nm undoped
Al0.27Ga0.73As spacer, and 10 nm undoped GaAs cap layer.
The V/III ratio was 100 for the GaAs layers and 300 for the
Al0.27Ga0.73As. The electron mobility of the samples was
evaluated by standard Hall bars using four-contact ac �lock-
in� measurement at a current of 1 �A at 4.2 K.

The GaAs cap morphology was probed by atomic force
microscopy �AFM� in noncontact mode. Reference samples
consisting of 230 nm Al0.27Ga0.73As layers were grown un-
der the same conditions of the transport samples for studying
the AlGaAs morphology as well using AFM.18

In all cases, particular attention was paid to reactor en-
vironment quality and to temperature control, by growing the
samples only with reactor walls already baked and covered
by previous growths.19

III. PHOTOLUMINESCENCE VERSUS SUBSTRATE
MISORIENTATION

To investigate the impact of the substrate misorientation
on the QW optical properties, we systematically studied the
PL spectra as a function of the substrate miscut. For this part
of the study, the V/III ratio was chosen to be 220 or 280 for
the Al0.3Ga0.7As layers and 130 for GaAs QW, and the
growth temperature was fixed at �690 °C, if not otherwise
stated. A representative spectrum, showing the PL emitted by
the three QWs and the AlGaAs layers, is presented in the
inset of Fig. 1�a�. The main part of Fig. 1�a� shows the PL
line full width at half maximum �FWHM� as a function of
substrate misorientation20 for the three QWs, in the misori-
entation range 0°–0.6° off.

The general trend is immediately evident. A perfectly

�100� oriented substrate yields significantly broader line-
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widths as compared with small misorientations, especially
for the thinner QWs, while at 0.6° off-�100�, a significant
increase in the PL spectrum linewidth can again be observed.
The 2, 5, and 15 nm QW samples show FWHM values that
decrease, respectively, from �20, 8, and 1.6 meV to 5.2, 1.6,
and 0.60 meV in our best samples grown on 0.2° misoriented
substrates.21 It is noteworthy that the FWHM values for our
15 nm QWs are all well below values previously reported in
the literature, even for the perfectly oriented samples. In gen-
eral, all our samples grown on misoriented substrates in the
misorientation interval 0.12–0.4 degrees show significantly
narrower PL linewidths than other reported values for com-
parable QW thicknesses10 �which usually are well above
6–8 meV for thin QWs�; e.g., the QW FWHMs of the 2 and
5 nm range between 6.4 meV and 5.2 meV, and 3.6 and
1.6 meV, respectively.

On the other hand, as shown in Fig. 1�b�, where we
present data more broadly spaced in the 0°–8° off range, the
FWHMs show a broad maximum for all three QW thick-
nesses around 1° off-�100�, while at higher misorientations
the FWHMs decrease again, without generally reaching the
best values obtained in the small misorientation range. It is

FIG. 1. �a� �Inset� Representative low-temperature PL spectrum of a
GaAs/AlGaAs QW sample showing spectral lines corresponding to the
three wells �2, 5, 15 nm� and the Al0.30Ga0.70As barriers. �Main� QW pho-
toluminescence FWHM as a function of substrate misorientation toward
�111�A for three different QW thicknesses. Experimental points with filled
symbols were obtained in the same epitaxial run, whereas the others had
identical nominal growth conditions �see text�. Dashed and dotted lines are
guides to the eye; �b� QW PL FWHM as a function of substrate misorien-
tation toward �111�A for the same three different QW thicknesses in a
broader misorientation range. The data correspond to different growth runs
with identical growth conditions as in �a�. All growths were performed also
on a 0.2° off control sample to guarantee that the FWHM measured are not
artifacts. Dashed and dotted lines are guides to the eye.
worth noticing that the FWHM for the thinnest QW around
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1° off-�100� shows a maximum around 30–35 meV, i.e.,
some seven times higher than the samples grown on 0.2° off
substrates. It is also noticeable that the 15 nm QW grown at
4° off-�100� presents a FWHM of 0.7 meV. This value is
within the best we observed. However, in the same sample
the QWs of 5 nm and 2 nm showed a FWHM of 4.4 and
11.2 meV, well above the values observed in the small mis-
orientation range.

In Fig. 2 we show the PL spectrum of the 15 nm QW
line in one of our best QW sample, grown with a V/III ratio
of 220 for AlGaAs and 130 for GaAs on a 0.2° misoriented
substrate. The spectrum features a low linewidth of 0.6 meV
for the 15 nm QW. The photoluminescence was excited with
Ar-ion laser at a power density of 300 mW/cm2 and a tem-
perature of 4.3 K. The linewidth increased to 0.67 meV at a
temperature of 8 K and a power density of 3 W/cm2. By
lowering either the power density or the temperature, a new
line appeared on the low-energy side of the main exciton
transition. This peak is assigned to the negatively charged
trion based on its binding energy of 1.1 meV �Refs. 1 and 2�
and on the temperature dependence of the peak intensity.
Shoulders on the low-energy side of this emission line origi-
nate from excitons bound to neutral donors probably due to
unintentional background doping of the GaAs layer.

Several other samples were grown in order to investigate
the reproducibility and repeatability of the PL spectra as well
as the dependence on several growth parameters around the
optimal conditions we determined. We found that the optimal
growth temperature range is centered at �690 °C, with a
significant PL emission line broadening at lower tempera-
tures �FWHM at 660 °C for the 15, 5, and 2 nm QWs of 1.6,
8.2, and 10 meV, respectively, on a 0.2° misoriented sub-
strate�, whereas a minor broadening was observed at 720 °C.
A V/III ratio for the AlGaAs layers of 220 and 280 was used
without significant variations of the QW PL linewidth
�FWHM for the 15 nm QWs always ranging between 0.7 and
0.8 meV�, whereas a strong increase in the FWHM was ob-
served for ratios below 180. Conversely, only a very moder-
ate broadening could be measured when the V/III ratio was

FIG. 2. PL spectrum of the best 15 nm QW sample at different pumping
levels and temperature. The main low-energy shoulder is assigned to the
negatively charged trion.
raised to 320.
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To further illustrate the effect of the V/III ratio on the PL
spectra, we show in Fig. 3 the spectrum evolution as a func-
tion of this ratio for GaAs growth �60, 100, 130� at a fixed
AlGaAs V/III ratio of 280, for QW thicknesses of 5 and
2 nm. Growth temperature was �690 °C and the substrate
was misoriented by 0.2°. All other growth parameters were
nominally identical. The main excitonic peaks show moder-
ate differences in the three samples �for example, the 5 nm
QW shows a FWHM of 3.1 meV for a V/III=100, which
reduces to 1.6 meV for a V/III=130� and can be substan-
tially compared, for both QWs, to those found in our previ-
ous samples. On the other hand, using a high V/III ratio for
the GaAs QW growth significantly reduces the intensity of
the low-energy shoulders of the excitonic peaks. These
shoulders, which originate from excitons bound on impuri-
ties, from donor acceptor pair recombination and free to
bound carrier recombination, are extremely pronounced in
the sample with a V/III ratio of 60 but disappear for a V/III
ratio of 130. This demonstrates a significant sensitivity of
impurity incorporation in the QW layer on the As flux. A
similar but less pronounced trend was also found for the
15 nm QW �not shown�.

We finally observe that, as a general trend, samples hav-
ing larger FWHM also usually showed a slightly redshifted

FIG. 3. Spectrum evolution as a function of the V/III ratio �60, 100, 130� for
GaAs at fixed V/III ratio=280 for AlGaAs, for the 5 and the 2 nm QWs.
Growth temperature was �690 °C for all samples.

TABLE I. Sample mobilities as a function of substrate misorientation and
given in parentheses, are discussed in the text.

Substrate
misorientation
�degrees�

Mobility at Tg=610 °C
�103 cm2/Vs�

Mobility at
Tg=630 °C

�103 cm2/Vs�

0 270 �II� 485 �II�
0.2 291 �III� 507 �III�
0.3 - -
0.4 833 �III� 967 �III�
0.6 907 �IV� 866 �IV�
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peak emission when compared to the best FWHM samples.
A more detailed analysis of this effect will be presented
elsewhere.22

IV. TRANSPORT PROPERTIES VERSUS SUBSTRATE
MISORIENTATION

We observed a similar strong dependence of the trans-
port properties on small substrate misorientations. Table I
summarizes the electron mobilities measured for different
substrate orientations and �estimated� growth temperatures.
We measured the mobility of all samples along both the
�01-1� and �011� directions; however, no systematic differ-
ences could be found between the two crystalline orienta-
tions. Samples appearing in the same temperature column in
Table I were grown in the same growth run, with the excep-
tion of Tg=650 °C, for which the experimental data are ex-
tracted from two independent growth runs. In a quest for
trends in the values of the mobility, the data of Table I are
presented in Fig. 4 by means of contour plots in the
temperature-misorientation plane.

The highest mobility, �1.39�106 cm2/Vs �1.48
�106 cm2/Vs� measured at 4.2 K �1.4 K� was obtained at a
substrate misorientation of 0.6 degrees and at growth tem-
perature of 650 °C. The point of highest mobility in Fig. 4 is
surrounded by a broad region of mobilities close to or above
0.8�106 cm2/Vs, with further decrease occurring at the bor-
ders of the considered parameter space. Moreover, we ob-
serve that a substrate misorientation of 0.6 degrees is very
tolerant to variations in growth temperature, showing high
mobility in all but the very high-temperature range �720 °C�.

On the contrary, when a perfectly oriented substrate was
chosen, a strong dependence of the mobility on growth tem-
perature was obtained. The mobility showed a relatively poor

h temperature as measured at 4.2 K. The GaAs surface type classification,

bility at
650 °C
cm2/Vs�

Mobility at
Tg=670 °C

�103 cm2/Vs�

Mobility at
Tg=690 °C

�103 cm2/Vs�

Mobility at
Tg=720 °C

�103 cm2/Vs�

4 �II� 723 �II� 946 �I� 437 �I�
0 �III� 914 �III� 1020 �V� 584 �V�
4 �III� 972 �V� 956 �V� 718 �VI�
7 �IV� - - -
90 �V� 992 �V� 989 �VI� 541 �VI�

FIG. 4. �Color online� Pictorial representation of the data in Table I using
contour plots in the substrate misorientation-growth temperature plane. The
missing data in the rectangular mesh where linearly interpolated.
growt

Mo
Tg=

�103

78
90
89
79
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value of 270�103 cm2/Vs at low-growth temperatures,
which is 3.5 times lower than the best value obtained on a
nearly exact substrate �946�103 cm2/Vs� and nearly five
times lower than the best value obtained for 0.6° off-�100�
substrates. Only at relatively high temperatures �690 °C� do
mobilities reach values comparable to those obtained with
substrates with higher misorientations. A similar trend with
growth temperature is exhibited by the growth on 0.2° off-
�100� substrates, yielding relatively poor mobilities at
610 °C and 630 °C. High mobilities at low-growth tempera-
tures are obtained only above �0.4° misorientations.

The measured 2D carrier density versus the growth tem-
perature is shown in Fig. 5 for the different substrate misori-
entations. The carrier density increases with growth tempera-
ture, particularly above 660 °C, but no significant trend with
increasing substrate misorientation is observed. The rather
sharp increase in carrier density above 690 °C is correlated
with the general deterioration in mobility for all misorienta-
tions used. This is probably due to an increase in the back-
ground doping level in the barriers at this temperature.

V. SURFACE MORPHOLOGIES

We observed an extremely broad range of surface mor-
phologies �mostly previously unreported� in the temperature-
misorientation plane for both GaAs and AlGaAs layers, even
within a narrow range of parameters. Here we limit our

FIG. 5. Two-dimensional carrier density measured for the samples of Table
I as a function of substrate misorientation at different growth temperatures.
Downloaded 02 Dec 2006 to 132.66.237.212. Redistribution subject to
analysis to the misorientation range 0°–0.6° off-�100� for
both sample sets. A snapshot of the different surfaces ob-
served is presented in Figs. 6 and 7, representative of the
optical and transport sample surfaces, respectively.

We assigned a roman ordinal to each surface type �see
Figs. 6 and 7; three-dimensional �3D� views, flattened im-
ages, and line scans are alternated for better clarity� and re-
ported them in Table I �GaAs only�. We indicated as type I
�Figs. 6�a� and 7�e�� and type II �not shown� surfaces evi-
dencing a step flow and step flow with islanding profile, re-

FIG. 6. �Color online� �Left� Noncontact mode repre-
sentative AFM flattened scans of optical sample GaAs
cap surfaces �annealed during sample cooling� for three
substrate misorientations of 0°, 0.2°, and 0.6° grown
side by side at a temperature of �690 °C and a V/III
ratio of 130 for the GaAs layer. The roman ordinal cor-
responds to the surface-type classification as discussed
in the text. The transition from step flow to step bunch-
ing develops in the misorientation range of 0.1° to 0.2°
�not shown�. �Right� Representative line scans for the
three images. The bars in the insets indicate a mono-
layer step height.

FIG. 7. �Color online� 3D and 2D AFM images of the GaAs cap layer of the
2D electron gas samples �a�–�d� or reference AlGaAs layers �e� and �f�
grown on various substrate misorientations and at different growth tempera-
tures as indicated. The roman ordinal corresponds to the surface-type clas-
sification as discussed in the text. The step heights range from the 1 mono-
layer of the step-flow mode to typically 2–4 monolayers in the step-bunched
regime. The image sizes are: �a� 3�3 �m; �b� 3�1.5 �m; �c� 3
�1.5 �m; �d� 3�3 �m; �e� 0.5�0.25 �m; �f� 5�2.5 �m.
 AIP license or copyright, see http://jap.aip.org/jap/copyright.jsp
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spectively. Type III surfaces �Fig. 7�a�� show an aperiodic
alternation of step flow and step bunching, while type IV
surfaces �Fig. 7�b�� show an aperiodic step-bunching profile
characterized by different step-bunch heights in different re-
gions. Type V surfaces �Figs. 6�b� and 7�c�� present a flat
step-bunched GaAs surface �i.e., substantially featureless,
with the exception of step branching�, and type VI are char-
acterized by a periodically step-bunched profile �Figs. 6�c�,
7�d�, and 7�f��, i.e., a periodic succession of differently step-
bunched regions.23

It should be mentioned that the onset of the step-
bunching regime has been reported to appear for MOVPE
growth at misorientations that are strongly dependent on the
growth conditions �at variance with MBE grown
structures�.24 However, in our case, the two sets of samples
do not differ substantially in the V/III ratio parameter choice
for a given material, and no major differences could be ob-
served in AFM when identical material, growth temperature,
and substrates were chosen.

VI. DISCUSSION

We could not observe an unambiguous correlation be-
tween the photoluminescence linewidth, the electron mobil-
ity, and surface morphologies. One should expect the mor-
phology details to be linked to a broad range of effects
impacting the optical and transport properties: general
growth mode and mechanisms,25 impurity incorporation, and
alloy segregation. Nevertheless, we could observe some gen-
eral trends. The narrower PL linewidths achieved at slight
substrate misorientation should be related to a reduced inter-
face disorder and an improved layer-by-layer growth taking
place under those conditions. One indication to this effect is
the stronger influence of substrate misorientation observed
for the thinner QWs. Even though no direct correlation be-
tween the embedded QW interface and the upper surface of
the annealed structure can be established, as shown recently
by Bernatz et al.,26 the differences in surface evolution that
we presented should be considered as important markers of
the differences in the buried interface structure directly af-
fecting the QW optical properties.27 In this context, it is note-
worthy that the narrowest PL linewidths are obtained for a
flat step-bunched surface rather than for a step-flow pattern
of the annealed surface. Moreover, inspection of Table I
shows that many �but not all� of our highest mobility struc-
tures show a flat step-bunched GaAs layer and a step-flow
AlGaAs pattern, as in the case of our samples with the best
optical properties. The lower mobilities, on the other hand,
seem to be associated with islanding on perfectly oriented
substrates �type II�, and, for the smallest misorientations, to a
growth mode showing a type III surface for both GaAs and
AlGaAs. Nevertheless, we should point out that we observed
high mobilities ��1 million cm2/Vs� also on samples �0.6°
misorientation, Tg=690 °C� showing on both GaAs and
AlGaAs a periodic step-bunched profile, which in the PL
experiments was associated with poor interface quality and
optical properties.

In any case, establishing a meaningful correlation be-

tween the annealed surface features, the QW interface struc-
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ture, and the PL and transport characteristics requires further
insight into the complex interplay between alloy ordering,
impurity incorporation, and impurity screening effects on
one hand, and precursors decomposition, adatom diffusion
and surface morphology, reconstruction, and chemistry, on
the other hand. This might pave the way to further improve-
ments in the optical properties and mobility of such
MOVPE-grown structures.

VII. CONCLUSIONS

In conclusion, we demonstrated that by growing on
slightly ��1° � misoriented �100� GaAs substrates it is pos-
sible to obtain a considerable improvement of the optical and
transport properties of AlGaAs/GaAs/AlGaAs quantum
wells grown by MOVPE using AsH3 as the group III precur-
sor. Optical properties comparable with high-quality MBE-
grown samples were demonstrated, by reproducibly attaining
record sub-meV photoluminescence linewidths. Low-
temperature electron mobilities �106 cm2/Vs were also ob-
served, and, with a proper selection of temperature and sub-
strate orientation, record mobilities in QWs as high as
�1.5 million cm2/Vs were demonstrated. In particular, the
choice of slightly misoriented substrates significantly broad-
ens the growth temperature range for which high mobilities
were observed. Such high-optical and transport-quality struc-
tures might be useful in studies of optical properties and
quantum transport in low-dimensional structures, such as
V-groove quantum wire heterostructures28 relying on the
MOVPE growth peculiarities.
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