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A B S T R A C T   

We report an investigation into the formation of crystallographic voids during the metalorganic vapour phase 
epitaxial regrowth of GaAs photonic crystal structures. We employ a combination of cross-sectional scanning 
electron microscopy and scanning transmission electron microscopy to study structures regrown with AlAs, 
AlGaAs and GaAs. The change in regrowth material allows the effect of adatom diffusion kinetics on the void 
structure to be assessed. Whilst complete grating infill is observed for GaAs, void formation is promoted for Al- 
containing materials, with void size increasing with Al mole fraction, in line with reduced adatom mobility. In 
the case of both AlAs and AlGaAs-regrown structures, a degree of asymmetry is observed in the shape of the voids 
within the plane of the photonic crystal. These differences are attributed to variations in group-III adatom surface 
mobility and the polarities of high-index crystal planes along orthogonal crystal directions. Two growth regimes 
of stable and dynamic faceting are observed in cross-sections containing crystal planes with A- and B-type po-
larities, respectively.   

1. Introduction 

The optical and electrical characteristics of photonic crystal surface 
emitting lasers (PCSELs) are intrinsically related to the nanoscale 
structure of the photonic crystal (PC) grating layer that is incorporated 
within the device. The PC comprises a two-dimensional, periodic vari-
ation in refractive index based on a repeated unit cell which is composed 
of a matrix material with refractive index n1 into which a region of 
material, or PC “atom”, with refractive index n2 is introduced. Light 
which couples to the PC from the active region is coherently scattered by 
the refractive index contrast, which forms a two-dimensional cavity 
within the plane of the device and produces surface emission through 
the second-order Bragg scattering of light out-of-plane [1]. Optimised 
design of the PC unit cell has been shown to allow for multi-Watt, single- 
mode surface emission with low beam divergence [2,3], making PCSELs 
attractive candidates for applications ranging from tele- and data-coms 
to additive manufacturing. In this regard, control over the fill factor of 
the PC atom [4], its shape [5,6], and the thickness of the layer [7], are 
critical in maximising grating coupling strength and extraction of 

vertically scattered light, and thereby achieving optimum threshold 
current densities and output power. 

In fabricating high-performance devices, metalorganic vapour phase 
epitaxy (MOVPE) has become the preferred method for integration of 
the PC, through epitaxial regrowth of a grating layer patterned with an 
array of etched pits. MOVPE regrowth allows additional degrees of 
freedom in the design of PCSELs through the ability to realise both void- 
containing [2,3,8,9] and all-semiconductor [10] PC structures. For void- 
containing PCs, in which the refractive index contrast is between air and 
the surrounding semiconductor matrix, voids form by the coalescence of 
growth fronts that extend over the grating pits, driven by lateral growth 
of the upper surface. In the case of all-semiconductor PC structures, on 
the other hand, the grating pits fill during regrowth. The extent of 
grating infill during regrowth, and thus the size and shape of voids, 
depends on two factors: the self-shadowing of the internal surfaces 
within grating pits from the incident atomic flux [11], and the surface 
mobility of the group-III adatoms, which will determine the rate of 
diffusion of deposited material into the pits. Void formation is promoted 
in the case where low adatom mobility restricts diffusion into the grating 
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pits and thereby favours lateral growth of the upper surface, which 
gradually extends to fully encapsulate the pit and form a sub-surface 
void [12]. An understanding of, and control over, the diffusion and 
growth kinetics of a given grating system is therefore crucial in 
designing optimised regrowth processes which deliver the desired PC 
geometry. 

Previous studies have investigated the role of kinetics during MOVPE 
regrowth of PCSELs across various materials and PC systems, with a 
focus on the impact of growth conditions (such as temperature, growth 
rate, and V/III ratio) [10,13] or grating pit geometry and crystallog-
raphy [12,14,15,16,17]. To the best of our knowledge, no reports have 
considered how different levels of adatom mobility, arising from 
different infill compositions, can influence the dynamics of regrowth 
and void formation in PCs. Additionally, whilst previous reports have 
discussed the three-dimensional shape of voids formed in triangular 
grating pits [14], no such analysis has been presented for voids in simple 
circular grating structures. 

In this work, we present a study into the role of adatom mobility in 
void formation during the regrowth of GaAs-based PC structures with 
circular grating pits. We investigate the effect of group-III adatom 
mobility by comparing nominally identical samples that are regrown 
with either AlAs, AlGaAs, or GaAs. The extent of grating infill is assessed 
by cross-sectional scanning electron microscopy (SEM), with void size 
being correlated to the mobility of Ga and Al adatoms in each case. The 
origins of void shape are then studied with greater resolution using 
scanning transmission electron microscopy (STEM). By considering the 
void shape observed along orthogonal axes of the PC, the effects of the 
polarities of high-index crystal planes on the initial stages of grating 
infill are inferred. Following our previous methodology [12], the infill 
material was deposited as a superlattice (SL), with the periodic deposi-
tion of a thin heteroepitaxial layer to provide contrast in STEM imaging. 
Thus, the evolution of the growth front is revealed by the SL layers, and 
here allows for two modes of faceting to be identified. These are shown 
to produce a more complex void shape in structures regrown with AlAs- 
rather than AlGaAs. 

2. Sample preparation and regrowth 

PC test structures consisting of 1000 × 1000 square lattice arrays of 
circular holes were prepared on bare, epi-ready (100) orientated n-GaAs 
substrates with a 2◦offcut towards the 〈11̄0〉 direction. The small-angle 
offcut of the substrates is not expected to greatly affect the diffusion 
kinetics discussed below. The axes of the PC were aligned along the 
〈011〉 directions. For ease, no light emitting element was included in any 
of the samples described here as it does not affect the regrowth step. We 
focus on structural analysis relating to grating infill. Following deposi-
tion of a 200 nm SiO2 film and thick PMMA photoresist layer, the PC 
pattern was transferred to the substrate by a combination of electron 
beam lithography (EBL) and reactive ion etching (RIE). Representative 
plan-view and cross-sectional SEM images of the as-etched gratings are 
shown in Fig. 1. A layer of Pt was deposited on the surface of the sample 
to protect the etched features during focused ion beam (FIB) milling. The 
period of the PC, a, was set to 281 nm so as to overlap with a theoretical 
emission wavelength of 940 nm. For a circular PC atom, the fill factor of 
the grating is typically described by an r/a value, which denotes the 
ratio of the pit radius, r, to the PC period. As indicated in Fig. 1(a), the 
diameter of the grating pits, 2r, was set to 224 nm, which corresponds to 
r/a = 0.4, at which the grating coupling strength is predicted to be 
maximal [4]. The target etch depth, h, was 281 nm. Cross-sectional 
imaging (Fig. 1(b)) reveals that the pits have a re-entrant, or “barrel- 
shaped” profile, associated with non-optimal dry etch conditions and 
resulting in a slight undercutting of the SiO2 hard mask, deviating from a 
vertical sidewall profile [18]. 

Immediately prior to regrowth, wafers underwent UV/ozone clean-
ing followed by a one minute etch in a 10:1 buffered HF solution to 

remove residual SiO2. Regrowth was performed in a Thomas Swan 
Epilab close-coupled showerhead (CCS) MOVPE reactor in a 1 × 3′′

configuration. The carrier gas used was hydrogen (H2), and the reactor 
pressure during deposition was 100 mbar. Trimethylaluminium (TMAl) 
and trimethylgallium (TMGa) were utilised as the group-III precursors, 
with arsine (AsH3) as the group-V source. 

The PC structures were regrown with 300 nm of a SL structure 
consisting of 9 nm/1 nm layers of AlAs/GaAs, Al0.3GaAs/AlAs, or GaAs/ 
AlAs, followed by 100 nm of an undoped GaAs cap layer. The SL 
structure was used solely to aid structural characterisation by providing 
clear contrast between successive layers in STEM, allowing the evolution 
of the surface during regrowth to be tracked. The use of a SL is not 
believed to significantly alter the dynamics of grating infill owing to the 
thinness of the 1 nm “guide” layers [12]. Consequently, the three cases 
of infill layer will be referred to simply as AlAs, AlGaAs, and GaAs, 
respectively, and will be considered as bulk layers for the purposes of the 
following analysis. A consistent growth temperature of 650 ◦C, growth 
rate of 6 nm/min (calibrated for a planar (100) surface) and AsH3 flow of 
100 sccm (V/III ratio = 700) were employed for all three samples. 

SEM imaging, cross-sectional milling and STEM lamellae liftout were 
performed using a Thermo Fisher Helios Xe-plasma dual beam FIB sys-
tem equipped with and Easy Lift micromanipulator. In order to ensure 
that cross-sections of the PC bisected the centre point of one or more of 
the buried pits, the milling area was defined at a slight angle relative to 
the in-plane axes of the grating array. The diagonal cut along a single 

Fig. 1. Representative (a) plan-view, and (b) cross-sectional SEM images of the 
as-etched photonic crystal structures. For the cross-sectional sample, a layer of 
Pt was deposited on the sample surface to protect the etched pits during ion- 
beam milling, with voids and inhomogeneities during Pt deposition produc-
ing dark and light features in the SEM image. The red dashed line in panel (a) 
represents the angle at which cross-sections were taken. The PC unit cell and pit 
dimensions are identified in red in each image: a = 281 nm, 2r = 224 nm, r/a =
0.4 and h = 281 nm. The circular pits have a re-entrant, barrel-shaped profile 
due to slight undercutting of the SiO2 mask during reactive ion etching. (For 
interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article.) 
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line of pits, which is highlighted by the red dashed line in Fig. 1(a), 
creates a stepping effect between adjacent features whereby the entire 
volume of a single PC period is represented in the cross-section. This 
stepping effect is partially evident in Fig. 2(a) & (b). In the case of SEM 
imaging, an angle of 1.9◦ was used to creating this effect over a large 
area. For STEM lamellae, which were prepared using a modified version 
of a standard lift-out procedure [19], a larger angle of 4.8◦ was chosen so 
as to be contained entirely within the electron transparent section of the 
specimen. STEM analysis was performed using a JEOL ARM200cF TEM 
operating at 200 kV, using annular dark field (ADF) imaging to provide 
contrast between materials of different atomic number. 

3. Results and discussion 

3.1. Effects of Group-III species 

Cross-sectional SEM images of the regrown PC structures are shown 
in Fig. 2, as viewed along the [01̄1̄] crystal direction. In the case of AlAs- 
(Fig. 2(a)) and AlGaAs-regrowth (Fig. 2(b)), voids formed within the 
grating layer; they appear as a line of black features in the semi-
conductor matrix owing to the absence of material and, therefore, 
reduced secondary electron signal emanating from these regions. The 
presence of PC voids results in uneven milling rates during FIB-cross 
sectioning, leading to so-called curtaining artifacts in the material 
below the grating layer, evidenced by the dark streaks on the underside 
of the voids. As established by STEM analysis (discussed further below), 
for AlAs, the void profile is dominated by two main bounding sidewall 
orientations: a set of long sidewalls originating from the initial regrowth 
interface at the bottom of the void which can be approximated to 
{122}-like crystal planes; and a set of {111}-like planes which terminate 
the top of the void. Sidewall orientations were assigned based on STEM 
analysis given the approximate angles at which they intersect the (100)
surface. Whilst the diameter of the voids at their widest point (2r’ = 210 
nm) is marginally smaller than the diameter of the pit (2r = 224 nm), 
their heights (h’ = 390 nm) are significantly larger than the initial etch 
depth (h = 281 nm). Taken together, these observations indicate that 
limited incorporation of adatoms occurs within the grating pit, with the 
majority of deposition acting to drive vertical and lateral growth of the 
upper (100) surface. This can be attributed to the low mobility of Al 
species under the growth conditions used, combined with self- 
shadowing effects associated with the high-aspect ratio of the grating 
pit (approximately 1.25). Together, we propose that these factors limit 
diffusion of adatoms into the body of the pit and also direct adsorption/ 
deposition of gas-phase atoms within the pit during growth [11,12,20]. 

In the case where AlGaAs is the infill layer (Fig. 2(b)), void formation 
is also favoured. In comparison to AlAs, however, void size is reduced 
significantly, with h’ and 2r’ values of 315 nm and 150 nm, respectively. 
This equates to a 20 % reduction in h’ and 30 % reduction in 2r’, asso-
ciated with increased deposition within the grating pit during the early 
stages of regrowth (as confirmed by STEM imaging, below). We attribute 
this increased deposition to the larger surface mobility inherent in the 
AlGaAs alloy compared with the binary Al compound [21], which re-
sults in greater diffusion of species from the upper surfaces of the grating 
to the sidewalls and bottom planes of the pit. Whilst the voids are 
smaller in this case, they do share, at least in part, a similar profile to that 
seen for AlAs, being bound by the same {122}-like sidewall plane. 
However, the upper {111}-like planes seen for AlAs are absent here, 
suggesting the role of a complex faceting mechanism in determining 
void shape for this PC geometry. This concept is explored further in the 
sections below. 

The decrease in void dimensions associated with the inclusion of Ga 
into the AlGaAs alloy is taken to the extreme in the case of binary GaAs 
regrowth (Fig. 2(c)) where no voids are observed in the PC layer. 
Complete grating infill is attributed to the increased diffusion lengths of 
adatoms associated with the higher mobility of Ga compared with Al 
[20,21]. As the pit dimensions and growth conditions are the same for 
both systems, the large tuning range in void dimensions that we observe 
here highlights the importance of group-III adatom mobility in dictating 
the extent of grating infill and void formation in PC regrowth. 

In the context of PC design, none of the structures described here 
provide the optimum geometry for use in PCSELs; indeed, in the case of 
GaAs, complete infilling of the grating removes the large refractive index 
contrast of a void-containing PC. For the AlAs and AlGaAs structures, on 
the other hand, the diameter and height of voids are larger than the 
values required for maximum grating coupling strengths [4] and optical 
confinement factors [7], respectively. However, the purpose of this 
study is to investigate the role of adatom mobility in determining void 

Fig. 2. Cross-sectional SEM images of PC structures following regrowth with 
(a) AlAs, (b) AlGaAs, and (c) GaAs, as viewed along the [01̄1̄] crystal direction. 
Solid white lines indicate the sample surface. Dashed white lines indicate the 
approximate location of the original grating surface. In the case of AlAs (h’ =
390 nm, 2r’ = 209 nm) and AlGaAs (h’ = 315 nm, 2r’ = 147 nm), voids are 
encapsulated within the grating during regrowth, whilst complete grating infill 
is achieved for GaAs. The crystal planes bounding the voids are highlighted. 
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geometry, switching from low mobility Al to higher mobility Ga across 
the three samples studied. Our results indicate that the void geometry 
and degree of infilling is strongly linked to adatom mobility, which 
provides a useful control parameter in PCSEL design. Alongside changes 
in the dimensions of the initial etch pits, our results point to how a 
strategy for void optimisation could be developed, allowing for manip-
ulation of adatom mobility independent of regrowth conditions (such as 
temperature, growth rate, and V/III ratio), which tend to affect more 
than a single kinetic process. 

3.2. Origins of In-Plane asymmetry 

In order to obtain a more complete understanding of the three- 
dimensional nature of the voids formed in AlAs and AlGaAs-regrown 
samples, an additional cross-section was prepared along the orthog-
onal PC axis to that explored in Fig. 2, perpendicular to the [011̄] crystal 
direction. Higher magnification SEM images of all cross-sections are 
shown in Fig. 3. For both infill layer compositions, a degree of asym-
metry in void shape is evident within the plane of the grating. The lower 
section of the voids project an elliptical, rather than circular, profile 
when considered in plan-view. As viewed along the [01̄1̄] direction 
(Fig. 3(a)&(c)), the voids appear to be flat bottomed with abrupt in-
tersections with the sidewall planes. In the [011̄] cross-section (Fig. 3 
(b)&(d)), however, the bottom bounding surface is narrower, indicating 
increased incorporation of material on the void’s internal surfaces and 
suggesting an anisotropy in adatom diffusion kinetics within the voids in 
the initial stages of regrowth. Further up in the voids, it is noted that 
both AlAs (Fig. 3(b) and AlGaAs (Fig. 3(d)) cross-sections again display a 
pair of continuous {122}-like sidewall planes when viewed along the 
[011̄] direction, but neither exhibit vertical or {111}-like surfaces. As a 

result, voids in AlAs-regrown samples display an enhanced asymmetry 
with respect to the PC axes compared with AlGaAs, producing an arrow- 
head shape in the three-dimensional volume. 

The origins of the asymmetry in the initial stages of deposition were 
explored further by STEM analysis of AlGaAs-regrown structures. Cross- 
sectional annular dark-field (ADF) images of the voids as viewed along 
both PC axes are shown in Fig. 4. Here the black voids contrast against 
the grey infill layer and white GaAs grating layer. It can be seen that the 
surface of the pit, and therefore the initial regrowth interface, is micro- 
faceted with high-index (311) crystal planes, which we attribute to 
mass-transport phenomena and restructuring prior to deposition [12]. 
Along orthogonal crystal directions, high-index planes are characterised 
by opposite polarities determined by the nature of the dangling bonds on 
the surface. (311)A planes (present in the [011̄] cross-section) are 
terminated by group-III bonds, and adatoms have higher sticking 
probabilities, giving rise to higher incorporation rates than for their B- 
type (group-V) counterparts [22]. This growth rate anisotropy leads to 
increased incorporation of adatoms in the [011̄] cross-section – pro-
ducing thicker layers inside the pits in Fig. 4(b) in comparison to Fig. 4 
(a) – and causing the observed asymmetry. As diffusion from the upper 
regions of the pit to the lower planes is thought to be limited in the case 
of void formation, the growth rate anisotropy seen here is thought to be 
the result of either preferential decomposition of precursors on A-type 
planes [23], or diffusion of adatoms from B-type planes to A-type. 

When considering PC design for device applications, previous studies 
have reported that asymmetry in void shape with respect to the PC axes 
is beneficial in achieving optimum optical confinement factors [2,5,6]. 
Whilst geometrically enforced asymmetry has been realised previously 
though the use of triangular grating pits [14], to the best of our 
knowledge, this study presents the first known demonstration that in- 

Fig. 3. Cross-sectional SEM images of (a,b) AlAs, and (c,d) AlGaAs, as viewed along the orthogonal axes of the photonic crystal. In both cases, a degree of asymmetry 
in void shape is observed when comparing the (a,c) [01̄1̄] and (b,d) [011̄] cross-sections. The asymmetry is reflected in a rounding of the void profile at the bottom of 
the grating pit when viewed along the [011̄] direction. For all voids, the bounding sidewalls can be approximated to {122}-like planes, with additional {111}-like 
planes emerging in the coalescence region in the case of AlAs (a). 
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plane asymmetry in void shape can be achieved using circular pits. The 
above results suggest that the growth rate anisotropies associated with 
the polar nature of high-index crystal planes in III-V materials may be 
exploited in order to achieve complex asymmetries even in simple PC 
structures, and may be engineered to some extent through careful design 
of pit dimensions or regrowth conditions. 

3.3. Stable vs dynamic faceting 

Above the bottom of the pit, the void shape in the AlGaAs-regrown 
sample evolves in a similar manner in both cross-sections, with the ac-
commodation of adatoms onto the internal {122} surfaces producing a 
tapered profile that gradually encapsulates the void as deposition pro-
ceeds. However, differences are observed in the evolution of the growth 
front emanating from the surface at the top of the grating. Fig. 5 shows 

higher magnification ADF-STEM images of this region for the corre-
sponding images in Fig. 4. The evolution of the growth front during 
deposition is tracked by the thin AlAs layers of the SL structure. As the 
signal intensity in ADF imaging is proportional to the average atomic 
number squared, AlAs layers appear as dark lines in the lighter AlGaAs 
matrix, providing contrast. The lower resolution of the SL layers in (a) 
compared with (b) is attributed to increased lamella thickness and 
poorer surface quality, rather than quality the epilayers themselves. 

In the [011̄] cross-section (Fig. 5(b)), the growth front quickly sta-
bilises within the first three or four periods of the SL, being defined by a 
central (100) plane flanked on either side by vicinal {411} A facets. This 
stable faceting profile is replicated in successive layers of the SL, with 

Fig. 4. Cross-sectional ADF-STEM images of voids formed during regrowth 
with AlGaAs, as viewed along the (a) [01̄1̄], and (b) [011̄] crystal directions. 
White dashed lines indicate the bottom of the voids, which have been obscured 
by streaking artifacts from FIB milling. The {122}-like void sidewalls are 
highlighted. Micro-faceting of the surface bounding the grating pit results in the 
presence of high-index crystal planes (e.g. (311), highlighted) at the regrowth 
interface. The differing polarities of these planes (A vs B) produces anisotropies 
in incorporation rates, leading to an asymmetry in void shape along orthog-
onal axes. 

Fig. 5. Cross-sectional ADF-STEM images of growth emanating from the top 
surface of the grating in AlGaAs-regrown structures, as viewed along the (a) 
[01̄1̄], and (b) [011̄] crystal directions. SL layers illustrate the evolution of the 
growth front as deposition proceeds. Two modes of faceting, termed dynamic (a) 
and stable (b), are observed along orthogonal axes. In the case of stable faceting, 
a (100) plane and vicinal (411)A planes emerge in the early stages of the 
process and are replicated in subsequent layers as they grow laterally, stabilised 
by the A-type nature of high-index planes in this direction. Where faceting is 
dynamic, growth initially proceeds through the formation of {111} non-growth 
planes (NGPs), owing to the low incorporation rates of high-index planes in this 
cross-section. Only sometime later does a stable (100) plane emerge, and lateral 
growth proceed. 
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successive planes growing laterally across the grating pit opening 
facilitated by simultaneous lateral growth of the pit sides, presumably 
both by diffusion of material from the upper surface and by direct 
incorporation of gas-phase species. Indeed, weak and tightly-spaced 
vertical dark lines in Fig. 5(b) indicate the SL structure to be repli-
cated on the void sidewalls with a reduced effective deposition rate. 
Downward growth of these vertical SL surfaces terminates in the for-
mation of the observed {122} planes, which are A-type and therefore 
stabilised by their relatively low surface energy. In contrast, the growth 
front in the [01̄1̄] cross-section (Fig. 5(b)) is less stable, displaying dy-
namic faceting. Growth initially proceeds through the formation of 
{111}B non-growth planes (NGPs) owing to the low incorporation rates 
of B-type planes [24]. Sometime later, once the sidewall planes of the 
void have become inclined and diffusion away from the upper region of 
the pit is minimised, stable (100) planes emerge, and successive layers 
grow laterally until they encapsulate the voids. 

The same faceting dynamics are also seen for AlAs-regrown samples 
and explain the more complex void shape seen in the [01̄1̄] cross-section 
compared with that in AlGaAs. The associated cross-sectional ADF- 
STEM image is shown in Fig. 6(a). Initially, growth proceeds through the 
formation of the same {111}B NGPs, however the lower mobility of 
adatoms in AlAs results in different diffusion dynamics, changing the 

rate at which the stable (100) plane emerges and the balance between 
vertical and lateral growth. As a result of a reduced rate of lateral growth 
compared to AlGaAs, the void profile becomes elongated and encapsu-
lation of the voids takes more time and requires a thicker regrowth film. 
The voids are again bound by {122}-like sidewalls that gradually grow 
together in both cross-sections (Fig. 3(a,c)). The void asymmetry is 
accentuated in the [01̄1̄] cross-section by the eventual production of 
near-vertical {011} planes, and {111} which emerge at the top of the 
voids. Higher magnification images of the growth front along both axes 
of the PC (examples of which are shown, inset) were used to create the 
schematic diagram shown in Fig. 6(b), which illustrates the link between 
dynamic and stable faceting, the evolution of the growth front, and the 
resultant void sidewall profile along the orthogonal PC axes. The exis-
tence of an additional mechanism of void shape asymmetry, and its 
strong dependence on the mobility of the group-III species involved, 
points to an additional degree of freedom in design of optimal PC 
structures. This result suggests that complex three-dimensional void 
shapes may be engineered using simple pit geometries by tuning of 
regrowth conditions to promote lower adatom diffusion, thereby 
changing the relative rates of lateral and vertical growth and enhancing 
the natural anisotropies associated with different crystal plane 
polarities. 

4. Conclusions 

We have presented a study of grating infill kinetics during MOVPE- 
regrowth of GaAs-based PCs composed of circular grating pits. Cross- 
sectional SEM imaging reveals that, for nominally identical grating 
structures, void formation is strongly dependent on the surface mobility 
of the group-III species, as demonstrated by varying the composition of 
the infill layer. Use of high-mobility GaAs was shown to result in com-
plete grating infill, whilst void formation was promoted by inclusion of 
low-mobility Al in AlGaAs and AlAs layers. STEM analysis of the voids 
along both axes of the PC reveals an asymmetry in void shape which is 
attributed to the differing polarities of high-index planes along orthog-
onal crystal directions, with the higher incorporation rates of A-type 
planes compared to their B-type counterparts resulting in an elliptical 
void profile when considered in the plane of the PC. The differing po-
larities of these planes is also shown to affect the evolution of the growth 
front emanating from the top of the grating pit, with A-type planes 
giving rise to stable faceting, and B-type planes resulting in dynamic 
faceting. In the case of AlAs-regrowth, the different faceting regimes 
along orthogonal axes is compounded by the low surface mobility, 
producing voids with a more complex shape asymmetry than those seen 
in AlGaAs. 
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Fig. 6. (a) Cross-sectional ADF-STEM image of voids in AlAs-regrown struc-
tures, as viewed along the [01̄1̄] crystal direction. In addition to the {122}-like 
sidewall planes, {111}-like planes emerge in the coalescence region at the top 
of the void due to dynamic faceting. (b) Schematic diagram illustrating the role 
of dynamic and stable faceting in producing the enhanced void shape asymmetry 
seen for AlAs compared with AlGaAs. STEM images of the faceting are shown, 
inset, with darker lines indicating the evolution of the SL profile. The reduced 
adatom mobility in the case of AlAs compounds the extent of dynamic faceting, 
resulting in a more complex profile. 
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