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Growth Phase Diagram of (0001) GaN in Plasma-Assisted Molecular-Beam Epitaxy
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The Ga surface coverage during the growth of GaN by plasma-assisted molecular-beam epitaxy
is studied by reflection high-energy electron diffraction as a function of the Ga flux and the
substrate temperature. As a consequence, a Ga surface coverage phase diagram is depicted.
In particular, we show that a region exists in the diagram where the Ga surface coverage
is independent of fluctuations in the Ga flux or the substrate coverage and which forms a
“growth window” for GaN growth. The influence of the Ga surface coverage on the GaN

surface morphology is discussed.

I. INTRODUCTION

The intense work on epitaxy of group III nitride ma-
terials for device applications is still contrasted by com-
paratively few studies on the physics of the growth it-
self. However, it is clear that thorough comprehension
of growth mechanisms is a key issue for further improve-
ment of the material quality. This is particularly true for
plasma-assisted molecular-beam epitaxy (PAMBE) that
still lags behind metal-organic chemical vapor deposition
(MOCVD) as far as optical device growth is concerned.
Especially, to date, no “growth window” has been estab-
lished for GaN PAMBE, i.e. a region in growth parameter
space that leads to optimized growth conditions indepen-
dent of small parameter fluctuations.

The surface morphology of GaN layers grown by
PAMBE has been found to depend strongly on the
metal /N ratio: whereas films grown under metal-rich
conditions generally exhibit smooth surfaces, as indi-
cated by streaky reflection high-energy electron diffrac-
tion (RHEED) patterns, films grown under N-rich condi-
tions show spotty RHEED patterns and rough surfaces
[1-3]. In addition to surface morphology, material prop-
erties are also profoundly affected by the Ga/N ratio, N-
rich growth being generally detrimental to both optical
and electronic properties [1-3].

This effect has been explained in terms of adatom dif-
fusion: it has been calculated that the diffusion barrier
for Ga adatoms on N-rich surfaces is as high as 1.8eV,
whereas it is only 0.4eV when the growth is carried
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out on a Ga-saturated surface [4].Thus, N-rich growth
leads to very low adatom mobility and to an undesired
kinetically-induced roughening of the surface. Recently,
it has also been shown that the N adatom diffusion is
significantly improved in Ga-rich conditions for surfaces
covered by a Ga bilayer due to subsurface diffusion [5].

Thus, GaN growth by PAMBE is commonly carried
out under metal-rich conditions. However, it has been
found that, especially at low substrate temperatures, ex-
cess Ga sticks on the surface and forms droplets which
block GaN growth underneath. This has been shown to
be detrimental to material properties and a major draw-
back for device applications [2, 3, 6]. At higher sub-
strate temperatures, an intermediate Ga-rich regime is
observed, leading to smooth droplet-free surfaces [2, 3].

Recently, some works have elucidated the surface struc-
ture of the Ga-rich pseudo-1x1 surface generally encoun-
tered in Garrich GaN PAMBE. It has been shown by
scanning tunneling microscopy (STM) [7] and RHEED
[8] that this surface consists of an adsorbed Ga bilayer,
in agreement with theoretical calculations [7, 9].

In the present article, we describe a growth phase di-
agram for homoepitaxial GaN grown by PAMBE. For
this purpose, we assess the equilibrium Ga surface cover-
age on the GaN growth front as a function of substrate
temperature and Ga flux. Furthermore, we discuss the
surface morphologies and growth mechanisms that are
observed for different Ga fluxes.

II. EXPERIMENTAL PROCEDURE

The experiments were performed in a commercial
MECA2000 molecular-beam epitaxy growth chamber



equipped with a standard effusion cell for Ga evapo-
ration. The active nitrogen was provided by an EPI
Unibulb rf plasma cell. The pseudo-substrates used were
2 pum thick (0001) (Ga-polarity) GaN layers grown by
MOCVD on sapphire. The substrate temperature Tg
was measured by a thermocouple in mechanical contact
to the backside of the molybdenum sample holder. Prior
to all experiments, a 100 nm GaN layer was grown under
Ga-rich conditions on the pseudosubstrates to prevent
from the influence of a possible surface contamination
layer. For all experiments described in the present arti-
cle, the Ny flux has been fixed to 0.50sccm and the rf
power to 300 W, which leads to maximum GaN growth
rates of about 0.3 monolayers (ml) per second.

Ga fluxes have been calibrated by RHEED intensity os-
cillations during GaN growth at a substrate temperature
of Ts = 620 °C in the N-rich regime. For these growth
conditions, it has been found that the growth rate is ac-
tually proportional to the impinging Ga flux [10]. It is
reasonable to suppose that the Ga adatom sticking coef-
ficient is unity at such low substrate temperature which
allows for an absolute calibration of the Ga flux.

The Ga surface coverage during growth was studied by
analyzing the specularly-reflected RHEED intensity. We
have previously shown that a Ga film desorbing from a
GaN surface leads to an oscillatory transient that can be
related to the Ga surface coverage [8]. The Ga surface
coverage can then be qualitatively determined by stop-
ping GaN growth and recording the variation of the spec-
ular RHEED intensity under vacuum. Although it is not
always straightforward to assess an absolute Ga surface
coverage, it is nevertheless possible to classify different
regions in the surface coverage diagram.

GaN surface morphologies were determined by atomic-
force microscopy (AFM) and STM after rapid sample
cooling and transfer into air. Prior to STM imaging, the
samples have been outgassed at 450°C for about 1h in
an ultrahigh vacuum environment.

III. Ga SURFACE COVERAGE DURING GaN
GROWTH

As it is common in ITI-V molecular-beam epitaxy, the
GaN growth conditions will be described in terms of
cation (Ga) flux and substrate temperature with a fixed
active N flux. It is clear that a key parameter for GaN
growth will be the Ga surface coverage p. To assess the
Ga quantity present during GaN growth for different im-
pinging Ga fluxes, the growth has been stopped after a
definite time interval and the variation of the specular
RHEED intensity has been subsequently measured dur-
ing the excess Ga evaporation under vacuum.

Figure 1 shows the results after 90s of GaN growth at
Ts = 740 °C for different Ga fluxes ®g,. At low Ga fluxes
(®ga < 0.3 ml/s), the growth conditions are N-rich and
only very few Ga atoms should be present on the growing
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FIG. 1: Variation of the specular RHEED intensity dur-
ing vacuum desorption of excess Ga after GaN growth
at different Ga fluxes (Ts = 740 °C). The Ga desorp-
tion time tqes is defined as the delay between the GaN
growth interruption and the inflection point of the last
increase in RHEED intensity (full lines for ®g, = 0.48
and 0.53ml/s).

surface. As a consequence, no variation of the specular
RHEED intensity is observed after the growth.

For higher fluxes, we observe oscillatory transients sim-
ilar to those observed for Ga adsorption and desorption
on GaN [8]. The transients are generally not independent
of the Ga flux, but one can distinguish regions where they
do not vary with the impinging Ga flux, e.g. between
PG = 0.53 ml/s and g, = 0.92 ml/s.

At this point, it is important to note that for Ga fluxes
below ®G, = 1.00 ml/s the observed transients are also
independent of the previous growth time. Even though
the data presented in Fig. 1 have all been obtained after
90 s of GaN growth, identical transients have been ob-
served after GaN growth at the same Ga fluxes during
30s up to more than 1h. Thus, the data in Fig. 1 are
representative of (dynamically) stable Ga surface cover-
ages of the GaN growth front and depend only on the Ga
flux (i.e., the Ga/N ratio) and not on the specific choice
of the growth time.

For Ga fluxes above ®g, = 1.00 ml/s, we observe in
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FIG. 2: Ga desorption time (dependent on the Ga surface
coverage) after the growth of GaN for different Ga fluxes
(Ts = 740 °C). Error bars are typically of the order of
+1s.

Fig. 1 no initial change of the specular RHEED inten-
sity, followed by an increase. However, the delay of the
intensity increase is found to be dependent not only on
the Ga flux (see Fig. 1) but also on the previous growth
time, being longer for longer growth times. This indi-
cates that excess Ga is continually accumulated on the
growing GaN surface and will eventually form large Ga
droplets by a ripening process [11].

As a consequence, the duration of the oscillatory tran-
sients in Fig. 1 can be used to classify the different dy-
namically stable Ga surface coverages. For this purpose,
we have plotted the delay between the GaN growth in-
terruption and the inflection point of the last increase in
intensity for all curves where a variation of the specu-
lar RHEED intensity during Ga evaporation is observed.
This desorption time is qualitatively related to the Ga
surface coverage. The resulting data as a function of the
Ga flux &g, are depicted in Fig. 2.

Below Ga fluxes of &g, = 0.3 ml/s, the growth con-
ditions are N-rich, no variation of the RHEED intensity
is observed after growth interruption, and the desorption
time is zero. At higher fluxes, the growth conditions be-
come Ga-rich, excess Ga is present at the surface and des-
orbs during the growth interruption. A first saturation
of the Ga surface coverage is observed above ®g, = 0.4
ml/s. When the Ga flux exceeds ®g, = 0.5 ml/s, the
desorption time, i.e. the Ga surface coverage during GaN
growth, increases abruptly. It is worth noting that this
transition between two different Ga surface coverages in
dynamical equilibrium is non-continuous within our ex-
perimental resolution of 1 °C for the Ga effusion cell tem-
perature, i.e. no stable intermediate Ga surface coverage
has been found in our experiments.

Above ®g, = 0.5 ml/s, the Ga surface coverage re-
mains constant for a large range of Ga fluxes up to
PG, = 1.0 ml/s. An identical oscillatory transient has

been also found after Ga adsorption on GaN [8]. In the
latter case, the amount of adsorbed Ga on the GaN sur-
face was determined to be around 2.7 ml [8] (in terms of
GaN surface site density) forming presumably a (later-
ally contracted) Ga bilayer on the GaN surface [9]. We
can therefore conclude that Ga fluxes between &g, = 0.5
ml/s and &g, = 1.0 ml/s lead at Ts = 740 °C to a stable
Ga bilayer coverage of the growing GaN surface.

At still higher Ga fluxes (&g, > 1.0 ml/s), no sta-
ble Ga surface coverage is observed. Excess Ga accumu-
lates continuously on the growing GaN surface and finally
forms liquid Ga droplets.

In summary, we can discriminate four different growth
regimes:

A. N-rich growth with presumably negligible Ga sur-
face coverage for @G, < 0.3 ml/s,

B. Ga-rich growth with a Ga surface coverage of less
than a Ga bilayer for 0.3 < ®g, < 0.5 ml/s,

C. Ga-rich growth with a Ga bilayer adsorbed on the
GaN surface (coverage of about p = 2.7 ml) for
0.5 < ®ga < 1.0 ml/s, and

D. Ga droplet formation on top of the Ga bilayer for
DG, > 1.0 ml/s.

In the next section, we will present the variation of the
Ga surface coverage with the substrate temperature, i.e.
the GaN growth diagram. Finally, we will discuss the
influence of the GaN growth conditions on growth mode,
surface structures and material quality.

IV. GROWTH DIAGRAM

The experiments discussed in the previous section were
obtained for GaN grown at a fixed substrate temperature
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FIG. 3: GaN growth diagram indicating the Ga surface
coverage during growth as a function of substrate tem-
perature and Ga flux for fixed active N flux (0.3 ml/s).



of Ts = 740 °C. To obtain the GaN growth diagram,
we have performed the measurements described above
at various substrate temperatures in the range between
Ts = 660 °C and Ts = 750 °C. The variation of the
different growth regimes with substrate temperature is
shown in Fig. 3. In general, higher substrate tempera-
tures shift the different Ga rich growth regimes towards
higher Ga fluxes.

In addition, we have determined the “Ga/N stoichiom-
etry” by measuring the growth rate using RHEED oscilla-
tions for different Ga fluxes and substrate temperatures.
For N-rich growth, the growth rate is limited by the im-
pinging Ga-flux, increases with increasing Ga flux, and
finally saturates at a Ga flux that will be defined as the
“stoichiometric Ga flux” (see, e.g., Ref. 10). This flux
coincides, within experimental precision, with the tran-
sition from N-rich to Ga-rich growth as determined by
the Ga evaporation study described in the previous sec-
tion. It has been found that the stoichiometric Ga flux
increases only very slightly with the substrate tempera-
ture in the range considered in this study. This suggests
that Ga reevaporation is weak under N-rich conditions,
presumably owing to rapid incorporation due to a large
number of available N atoms to form GaN.

In the most simple picture, the temperature depen-
dence of the transition lines between the different Ga-rich
growth regimes reflects the thermally-activated increase
of Ga reevaporation from the GaN surface. All transition
lines between N-rich growth (regime A), sub-bilayer Ga
coverage (regime B), bilayer Ga coverage (regime C), and
Ga droplet formation (regime D) can be fitted well with
offset Arrhenius equations ® = ®; + A - exp (—E4/kTs)
where the offset ®; takes into account the Ga incorpo-
ration into the growing GaN layer. Best fits lead to
Ey =24eV, E4 = 3.7¢V and E4 = 4.8 eV for the
transition lines between regions A and B, B and C, and
C and D, respectively.

The activation energy of the transition line between
N-rich and Ga-rich growth (regimes A and B) is close
to that previously reported for Ga desorption from GaN
(B4 = 2.2 eV, Ref. 12). This suggests that the increase
of the stoichiometric Ga flux is due to thermally activated
Ga reevaporation.

However, the activation energies corresponding to the
transitions from regimes B to C and C to D, respectively,
are much larger than the energies reported for Ga des-
orption from GaN (E4 = 2.2 eV, Ref. 12) or liquid Ga
evaporation (E4 = 2.9 eV, see, e.g., Ref. 2). Further-
more, the value of £4 = 4.8 eV for the transition between
the Ga bilayer regime C and the droplet regime D is much
larger than a previously published value of E4 = 2.8 eV
(Ref. 2). This suggests that the underlying physics of
the GaN growth diagram is more complex than the pro-
posed dynamic equilibrium between Ga adsorption and
desorption [2] and kinetically-controlled processes, such
as Ga droplet nucleation, may be crucial for a quantita-
tive explanation. To address the difference between our
measured activation energy for the transition between
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FIG. 4: (a) Maximum GaN growth rate vy at the tran-
sition line between regions A and B as a function of sub-
strate temperature. The maximum growth rate decreases
above 710°C due to GaN reevaporation. (b) RBS spec-
trum of a sample containing 2 layers of GaN grown for
identical times at 650 °C in region D and at 750°C in re-
gion C, respectively, and sandwitched between AIN lay-
ers.

regimes C and D and the previously reported result, it is
worth noting that the N fluxes used in the present study
are about four times lower than those in Ref. 2. We spec-
ulate that Ga droplet nucleation may not be completely
independent of the impinging N flux. However, we stress
that the Ga excess needed for droplet formation is of the
same order of magnitude in both the present study and
in Ref. 2.

Before we discuss GaN surface morphologies, we ad-
dress the GaN growth rates in the different Ga surface
coverage regimes. As already stated, the growth rate
in the N-rich regime is proportional to the impinging
Ga flux and saturates when the Ga/N stoichiometry is
reached. Figure 4(a) shows this maximum growth rate
as a function of the substrate temperature Ts. It is con-
stant at lower temperature and decreases above about
Ts = 710 °C. This behavior can be attributed to ther-
mally activated GaN reevaporation. The growth rate loss
at T's = 750 °C is about 0.06 ml/s which is in good quan-
titative agreement with the GaN evaporation rate under
vacuum of 0.08 ml/s in Ref. 13.

When the growth is carried out in the Ga bilayer or



droplet regime, no RHEED oscillations are observed (see
below) and the growth rate must be determined by ez
situ measurements of the layer thickness. This has been
performed by means of Rutherford backscattering spec-
troscopy (RBS) using 2 MeV a-particles from a Van de
Graaff ion accelerator. The backscattering angle was
165°. Figure 4(b) shows a RBS spectrum of two GaN
layers grown for identical times at T's = 750 °C in regime
C and Ts = 650 °C in regime D, respectively, and sand-
wiched between AIN spacer layers. The thick solid line
represents the result of a numerical simulation of the RBS
spectrum. The thickness of the two layers is found to be
identical within the experimental precision of about 1%,
with a deduced growth rate of about 0.29 ml/s. We can
therefore conclude that the growth rate in the Ga bilayer
regime C is independent of the substrate temperature in
the range explored in this article, contrary to the growth
rate in the sub-bilayer regime B. It seems that the pres-
ence of the Ga bilayer prevents the decomposition of the
GaN surface, similar to what has been observed for am-
monia [13, 14]. This is corroborated by the observation
that GaN surfaces quickly roughen when heated to 750
°C under vacuum due to GaN decomposition, while such
roughening is not observed when the GaN surface is ex-
posed to a Ga flux.

V. GaN SURFACE MORPHOLOGY

To study the surface morphologies corresponding to
the different growth conditions, four 1 pum thick GaN
layers have been grown by MBE on GaN templates at
Ts = 730 °C in regions A,B,C, and D, respectively (see.
Fig. 3). These samples have been characterized by AFM
(samples A and B) and STM (samples C and D).

Figure 5(a) shows the AFM image of the surface of
the sample grown in N-rich conditions (region A). During
growth, Bragg spots gradually appeared in the RHEED
pattern after about 300 nm of GaN growth. The surface
morphology is characterized by inverted pyramids, about
50-80nm deep, with {1013} facets as sidewalls. Such
facets are also weakly visible on the RHEED pattern of
such a surface.

Figure 5(b) shows the AFM image of the surface of the
sample grown under Ga-rich conditions with a Ga cov-
erage of less than a bilayer (regime B). Like sample A,
this sample also showed gradual Bragg spot appearance
in the RHEED pattern after about 300 nm of GaN depo-
sition. Interestingly, the surface is characterized by the
same inverted pyramids formed by {1013} facets, about a
factor of 2 larger than those of the previous sample. This
shows that the presence of few Ga excess atoms does not
alter the driving force for pinhole formation.

The origin of these inverted pyramids formed during
GaN growth in regimes A and B is still unclear. They ap-
pear similar to the “V-shaped” defects observed for GaN
[15] and InGaN [16] growth, which are defined by {1011}

0
2.00
m

FIG. 5: Atomic-force micrographs of GaN surfaces grown
under (a) N-rich conditions (growth phase diagram re-
gion A) and (b) slightly Ga-rich conditions (Ga coverage
below a bilayer, growth phase diagram region B). The
z-scales are 100 nm and 150 nm, respectively.

facets, though. Concerning these V-shaped GaN defects,
it has been proposed that differences in the growth rate
of the (0001) and {1011} planes amplifies facet forma-
tion and can create a pinhole [15]. A different model has
been developed for the V-shaped InGaN defects [17]: in
that case, it has been calculated that the energy of the
In-covered {1011} InGaN planes is lower than that of the
In-covered (0001) plane, i.e. that facet formation is en-
ergetically favorable. To date, no calculation of the full
energy hierarchy of the GaN planes is available, except
for the result that the surface energy of the {1011} facets
is higher than that of the (0001) plane [17].

While the surface morphologies of GaN grown in
regimes A and B at Ts = 730 °C are similar (Fig. 5), the
growth kinetics are rather different. This is demonstrated
in Fig. 6, which shows the specular RHEED intensity
during GaN growth in the different regimes. Under N-
rich conditions (regime A), persistent oscillations are ob-
served, characteristic of a layer-by-layer growth mode by
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FIG. 6: Specular RHEED intensity obtained during GaN
growth at different Ga fluxes, as indicated. Ts = 730 °C.
The Ga flux ranges for regimes A,B, and C are indicated
(see Fig. 3).

monolayer island nucleation and coalescence. In contrast,
as soon as the growth conditions become Ga-rich (regimes
B and C), RHEED oscillations are rapidly damped or are
not observed at all. This can be explained by a growth
mode change to a step-flow mode, maybe due to an in-
crease in adatom mobility on Ga-rich surfaces [4, 5]. De-
spite the apparent change in growth kinetics, the final
surfaces after 1 um of GaN growth in regions A and B are
very similar, which suggests that too low an adatom mo-
bility may not be the driving force for pinhole formation
and surface roughening at high substrate temperature.

It is worth noting that the surface morphology of GaN
layers grown in the N-rich regime A strongly depends on
the substrate temperature. This is evidenced in Fig. 7,
which shows the AFM image of a 200 nm thick GaN layer
grown under N-rich conditions at Ts = 630 °C, i.e. at
much lower temperature than the sample shown in Fig.
5(a). In contrast to higher substrate temperatures, Bragg
spots appear in the RHEED pattern in the incipiency of
GaN growth after a few monolayers. The final surface
morphology is not characterized by pinholes but by small
islands, about 50nm wide and 5-7nm high.

Such a surface morphology is close to what one would
expect from the theoretical considerations of Zywietz et
al. [4] who found a low Ga and N adatom mobility
on N-rich (0001) GaN surfaces. Low adatom mobility

would lead to a high island nucleation rate and to mul-
tilayer growth, i.e. GaN islanding, in keeping with the
rapid roughening of the growing GaN surface observed
by RHEED.

This suggests that indeed adatom mobility may be very
low at temperatures around Ts = 630 °C, perhaps of
the order of the observed island size, i.e. a few 10nm.
However, as stated above, at higher temperatures (T's =
730 °C), the thermally activated diffusion seems rapid
enough to produce smooth {1013} facets on a length scale
of the order of some 100 nm, particularly in regime B.

We will now discuss the surface morphologies obtained
in more Ga-rich conditions. Fig. 8 shows the morphology
of the surface of the sample grown under Ga-rich condi-
tions with a Ga bilayer present (regime C). The surface
is much smoother than that obtained in regimes A and
B and is characterized by about 1000 A wide terrasses,
separated by 5A high bimolecular steps. Additionally,
spiral growth around screw disclocations is occasionally
observed.

A special feature are hexagonal nanotube defects, with
diameters of about 100nm at a density of the order of
10 cm~2. This nanotubes might be similar to the mi-
crotube defects found in 6H-SiC [18]. Previously, GaN
nanotubes have also been observed on MOCVD grown
GaN samples, however, with diameters much lower than
those in the present study [19].

The surface morphology, characterized by atomically-
flat terrasses, corroborates the above discussion about
the growth mode of GaN. Combined with the non-
observation of RHEED oscillations, this supposes that
GaN grows in a step-flow mode under such conditions
(high Ts, Ga-rich).

The morphology of the surface obtained in the Ga-
droplet regime D (see Fig. 9) is characterized by similar
terrasses and spiral hillocks. In contrast to the sample

FIG. 7: Atomic-force micrograph of a GaN surface grown
under N-rich conditions at a lower substrate temperature
of T's = 630 °C. The z-scale is 15nm.



FIG. 8: Atomic-force micrographs of the surface of a
sample grown under Ga-rich conditions (Ga bilayer cov-
erage, growth phase diagram region C). The morphology
is characterized by about 1000 A wide terrasses. The z-
scales are 8nm and 5nm, respectively.

grown in region C, no hexagonal nanotubes are observed
on larger images. Some small islands are visible on the
terrasses, which may be interpreted as small excess Ga
clusters that act as precursors for Ga droplets.

The typical size of the “macroscopic” Ga droplets ob-
served on the sample grown in regime D is of the order
of 3-5 um at a density of the order of 10% cm™2, as de-
termined by optical microscopy.

VI. CONCLUSION

In conclusion, we have discussed the Ga surface cover-
ages during GaN homoepitaxy by PAMBE using different
Ga/N flux ratios. We have shown that, under moderately
Ga-rich conditions, dynamically stable Ga surface cover-
ages can be obtained. Under strongly Ga-rich conditions,
infinite Ga accumulation and droplet formation occurs.

The Ga coverages during GaN growth were divided
into four regions for sufficiently high substrate tempera-

FIG. 9: 1 x 1um scanning-tunneling micrograph of a
sample grown in Ga-droplet conditions (region D).

ture:

A. N-rich growth with presumably negligible Ga sur-
face coverage

B. Ga-rich growth with a Ga surface coverage of less
than a bilayer

C. Ga-rich growth with the GaN surface covered by a
Ga bilayer

D. Ga-rich growth without a stable finite Ga surface
coverage and accumulation of Ga into droplets.

The transition lines between the different growth
regimes were measured as a function of the substrate
temperature, giving rise to a GaN growth phase diagram.
For temperatures below 680 °C, regimes B and C are ob-
tained in a tiny range of the Ga/N flux ratio, so only
regions A and D are observed in practice.

We have investigated the growth kinetics in the differ-
ent growth regimes. In regime A, persistent RHEED os-
cillations are observed, characteristic of a layer-by-layer
growth. In the other three regimes, no oscillations are
observed, which can be interpreted by the occurence of
a step-flow growth mode. We have also investigated the
maximum growth rate at the transition between regimes
A and B, i.e. at the Ga/N stoichiometry, and we have
demonstrated a decrease of the growth rate, which can
be interpreted by GaN reevaporation.

Furthermore, we discuss the different GaN surface
morphologies obtained after GaN homoepitaxy in the dif-
ferent regions of Ga surface coverage. Growth in region A
leads to the formation of inverted pyramids with {1013}
facets at high substrate temperatures (T's = 730 °C) and
flat islands at low substrate temperatures (T's = 630 °C).
Region B is characterized at T's = 730 °C by the same
inverted pyramids observed in region A.

Whereas growth in regions A and B leads to rough
GaN surfaces, growth in regions C and D leads to flat
surfaces, characterized by about 1000 A wide terrasses.



Region C is a good candidate for the long sought GaN
growth window’ since, in this region, the Ga surface cov-
erage is independent of small fluctuations in Ga flux (see
Fig. 2) and substrate temperature (see Fig. 3). Apart
from the nanotube defects, the surface morphology is flat
and no Ga droplets are observed. If these nanotube de-
fects can be avoided, growth in region C will be a simple
method to obtain reproducibly optimum homoepitaxial
GaN growth.
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