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ABSTRACT

The Sb concentration profile in an nBn photodetector containing an InAs/InAsSb type-II superlattice is collected and analyzed using atom
probe tomography. A 3D reconstruction comprises the full composition of 31 periods. The Sb concentration profile is evaluated for the
entire 31 period stack, as well as each individual period using segregation models from Muraki and Wood. Trends in the asymmetric Sb
profile show a consistent non-negligible Sb concentration in the InAs layers and a lower Sb concentration in the InAsSb with respect to the

target concentration.

https://doi.org/10.1063/1.5143446

I. INTRODUCTION

The current research paths for midwave infrared (MWIR) pho-
todetectors are dominated by the need for higher temperature opera-
tion, enabling MWIR imaging for a broader range of applications
with strict requirements for size, weight, and power. Very recently,
InAs/InAsSb type-II superlattices (T2SLs) have come to the forefront
of this area due to minority carrier lifetimes 10-100 times longer
than earlier InAs/Ga(In)Sb T2SLs." Combined with heterojunction
designs such as the nBn, devices using these SLs have demonstrated
exceptional performance at higher operating temperatures than
incumbent III-V-based InSb photodetectors.” However, design of
these SLs is non-trivial due to the complex growth kinetics of incor-
porating large Sb adatoms into a matrix of smaller atoms. This issue
has been observed within InAs/InAsSb SL development,‘%_5 as well as
other Sb-containing device structures,”™ in which Sb does not
remain strictly within the intended layer and does not incorporate at
the concentrations expected based on the flux of atoms to the
growth interface.

The segregation of non-common atoms at a growth interface
and into the following layer leads to non-abrupt and asymmetric
interfaces, which can cause changes to the optoelectronic properties

of the T2SL, including fundamental parameters such as bandgap,
valence/conduction band offsets, and carrier mobility.m’]0
For T2SL devices, that rely on the precise engineering of these opto-
electronic properties in order to attain the desired cutoff wavelength,
avoid excess applied bias requirements, or have the necessary carrier
diffusion length for high quantum efficiency, non-abrupt interfaces
can limit the performance impacting suitability for specific tasks and
environments'' or make the design and growth of such structures a
time-consuming trial-and-error process. With further understanding
of the SL composition within the growth plane and along the growth
direction, the bond characteristics and Sb concentration profile can
be incorporated into theoretical models enabling better, more accu-
rate design of photodetectors for the MWIR, as well as longwave and
very longwave IR.' "’

Previous studies have used techniques such as transmission
electron microscopy (TEM) and scanning tunneling microscopy
(STM) to map the location of Sb within these III-V systems in an
effort to identify the nature of the interfaces and understand the
growth kinetics governing Sb incorporation and segregation.’™
Both systems are well-suited to the analysis, with the capability of
producing atomic-scale resolution for visualizing precise atom loca-
tion, enabling more accurate theoretical models.
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Atom probe tomography (APT) is a characterization technique
that provides 3D compositional profiles down to sub-nm resolution
scales. Like TEM and STM, the profile of Sb throughout the films,
and across the interfaces, can be determined. In addition, there is the
capability of visualizing the interfaces in three dimensions, which can
elucidate any nonuniformity in the growth plane. The technique has
been used in the past to evaluate compound semiconductors with
indications that near atomic spatial resolution can be achieved.'*™"”
For this work, APT is used to collect chemical species identity and
location data for a Ga-free MWIR SL structure to evaluate the level
of integration of Sb in the material, as well as location profile
across the periods that could affect interface characteristics.

Il. EXPERIMENTAL METHODS

The material investigated here is a MWIR nBn T2SL photode-
tector consisting of 734 periods (=~ 4 um thick) of a 42.6 A InAs/
11.9 A InAsSb SL with a targeted Sb concentration of 46.7%, followed
by an electron barrier of 150 nm AlGaAsSb and a ~300-nm-thick
contact layer composed of an InAs/InAsSb SL."*"” The T2SL photo-
detector structure was grown in an Oxford-VG V-100 molecular
beam epitaxy (MBE) tool using a production epitaxial growth
process for Sb-based materials developed at IQE.”*"** The As and Sb
group V elements were provided by valved cracker sources, while the
In, Ga, and Al group III molecular beams were produced in SUMO®
or conical effusion cells. The detectors were grown on 100 mm diam-
eter, low (Te <2 x 107 cm~3®) n-doped (001) GaSb substrates at lll. RESULTS AND DISCUSSION
growth temperatures ranging from 400 to 520 °C depending on the A. Mass spectrum and 3D reconstruction
specific alloys. The AlGaAsSb layer is mostly AISb with the addition
of Ga to improve the valence band alignment and As to lattice-match The mass spectrum is presented in Fig. 2, with peak labeling
the layer. During the growth of the absorber layer for this particular ~ as shown. The fidelity of the spectrum, with sharp peaks and
sample, two growth interrupts at periods 704 and 714 were employed minimal multi-element species, suggests high data quality for
to facilitate cell temperature changes. These interrupts were pro- reconstruction and analysis purposes. Fitting the spectrum followed
grammed at the end of the InAsSb layer within the SL sequence and
lasted several minutes with an As overpressure. From analysis and 7
fitting of the (004) high-resolution XRD (HRXRD) spectrum, the SL 10 EDRRARARRR T T LA LA
period is 58.27 A and the Sb composition in the hole well is 46.4%. ] ]
Photodetectors fabricated from this wafer displayed typical device
performance expected for the given design, which was similar to the
results presented in Refs. 2, 18, and 19.

Since we are most interested in the composition profile in
the absorber layer, the SL above the barrier was removed using a
highly selective C¢HgO7 and H,O, mixture. The barrier layer was
left in place as the sacrificial material for the APT specimen forma-
tion. Specimen preparation was performed on an FEI Nova 600
NanoLab DualBeam™ focused ion beam/scanning electron
microscope (FIB/SEM) according to standard lift-out and milling
procedures.”” Specimens were mounted onto flat-topped Si
microtip arrays and sharpened to an end-radius of ~30—40 nm.
An example specimen is shown in Fig. 1.

APT data were collected with a Cameca 4000X Si Local
Electrode Atom Probe (LEAP). Run parameters were set to 25K 0 50 100 150 200 250
base temperature, 0.01 pJ] nominal laser pulse energy, a pulse repeti- Mass-to-Charge-State Ratio (Da)
tion rate of 125 kHz, and an 0.5% detection rate or 5 ions per 1000
pulses. Analysis and 3D reconstruction of the data were performed
with the Cameca IVAS 3.8.0 software suite. A portion of the
absorber SL was evaporated and analyzed.

mag = - 500 nm
80 000 x

FIG. 1. APT-ready InAs/InAsSb superlattice specimen.

10° 4 AS* pst .

Number of Events

FIG. 2. Time-of-flight mass spectrum of the sample, with the analysis region
containing the InAs/InAsSb SL structure.
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existing conventions, as well as composition as determined through
correlative characterization.”*

The 3D reconstruction was accomplished using the half shank
angle of the original specimen shape, as determined through SEM

SR S

100 nm

FIG. 3. (a) TEM micrograph of the SL structure with the APT reconstruction
overlayed. The periods containing growth interrupts (704, 714) are labeled.
Alternating InAs/InAsSb layers are visible, as well as a skipped InAsSb layer,
corresponding to the structures visible by TEM. (b) Volume reconstructions of
the SL structure. (Left) Full reconstruction, with each dot indicating a recorded
atom; (center) reconstruction showing only the Sb atoms; and (right) Sb concen-
tration volume, with blue indicating a low Sb concentration and red indicating a
high Sb concentration.

ARTICLE scitation.org/journalljap

imaging after the final low-kV clean, combined with an interface
flattening algorithm, both standard in the IVAS 3.8.0 software.
No additional algorithms were required to improve the reconstruc-
tion, as the dimensions of the SL layers corresponded to thicknesses
determined through additional characterization means. Upon recon-
struction, the Sb is observed to be dispersed throughout the SL struc-
ture, rather than contained to only the designated InAsSb layers, as
seen in the center reconstruction of Fig. 3(b). Additionally, an
InAsSb layer showing little to no Sb content was discovered, as
shown in Fig. 3. This feature was also observed in TEM, providing
an additional indicator of the reliability of the reconstruction [see
Fig. 3(a)]. Through TEM, the periods of the SL were individually
counted such that the two regions in Fig. 3(a) with a greatly
diminished Sb concentration could be directly correlated to the
two growth interrupts at periods 704 and 714. These interrupts
appear to have facilitated the out-diffusion of Sb and/or As-Sb
exchange reactions at the exposed InAsSb surface, resulting in a
greatly diminished Sb concentration in those particular periods.
These unintended abnormal periods with “missing Sb” enable the
exact identification of the investigated periods relative to the
AlGaAsSb layer. In Fig. 3(b), one of the two missing periods (704)
is visible in the reconstruction, indicating that about 128 nm of the
absorber SL, in addition to the 150 nm barrier layer, was removed
during the specimen preparation. A step-like edge is also visible in
the reconstruction and is a known artifact of the interface flattening
algorithm.

It should be noted that, despite In being the only group III
element present in the specimen, the composition of In as viewed
by 1D composition profiles along the growth axis did not meet or
maintain 50% total composition (100% with respect to group III
only) across the specimen analysis region as would be expected.
No correlative characterization results indicated a growth anomaly
that would account for this discrepancy. It has been documented in
the literature, however, that chemical analysis of InAs/InAsSb via
TEM also exhibits the same In deficiency.” This documented phe-
nomenon indicates a unique challenge in accurately accounting for
In in these structures that is beyond the scope of this study.

B. Analysis of antimony concentration profile

Within the 3D reconstruction, a region of interest (ROI)
20 x 20 x 260nm> was identified for further analysis of the Sb
composition. Within the ROI, interfaces were set as isoconcentra-
tion surfaces at 9% Sb. These interfaces are shown in Fig. 4(a)
(Multimedia view). Also shown are the locations of Sb atoms,
which have a high density in alternating layers. These high density
regions correspond to InAsSb layers; however, Sb is also observed
within the InAs layers. This view of the SL structure displays the
3D nature of the interfaces between the InAsSb and InAs layers in
which it is clear that the isoconcentration surfaces are not atomi-
cally flat. Furthermore, in the first full InAsSb layer from the
bottom, the isoconcentration surfaces actually intersect on the right
side. Only with a full 3D visualization can these interesting features
be identified.

Initial quantitative analysis of the Sb concentration throughout
the ROI was performed by a 1D composition profile of the Sb along
the z-axis/growth direction of the specimen, as shown in Fig. 4(b)

J. Appl. Phys. 128, 015302 (2020); doi: 10.1063/1.5143446
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(Multimedia view), with a z step size of 0.25 nm. Typically, recon-
structions describe the composition of each element as a percentage
of the total including both group III and group V constituents, as
shown on the left axis. Henceforth, we will describe the Sb con-
centration in the more typical fashion as a percentage of group V
elements, as shown on the right axis.

The first noticeable feature is the drop in the Sb concentration
associated with the documented growth interrupts. In addition, the
minimum Sb concentration is nominally consistent at 8%-9%,
except for during the interrupt, where the minimum Sb drops to
nearly 4%. This confirms the qualitative observation that Sb exists
in non-trivial quantities in the InAs layers of the structure, as the
minimum Sb concentration never reaches the desired 0%. This
region with depleted levels of Sb is evidence of the strength of
the intermixing and substitution process, which occurs between Sb
and As. The peak of the Sb composition should have occurred at
x =~ 207 nm on the plot, instead over a depth of several nm the Sb
composition is reduced. If an As-Sb exchange reaction was occur-
ring entirely on the surface, the top monolayer (=3 A) would have
reduced Sb, but the reduction has occurred several monolayers
below the surface as predicted by ab initio calculations.”

Another feature of note is the evolution of the maximum Sb
concentration throughout the growth. Across these periods, the
maximum Sb concentration increases from ~22%-23% in the
layers grown closest to the substrate to ~28%-29% in the later
InAsSb layers. The step size used for this profile was chosen to
visualize the global Sb fluctuations through the analyzed region,
but only 4-5 points will fall within the InAsSb layer. As a result,
the peak Sb values may be missed in some periods such that these
maximum values may not be accurate.

In order to evaluate a more detailed Sb concentration profile,
a 1D contour was made perpendicular to the initial InAsSb inter-
face in each period to encompass part of the InAs layers before and
after the InAsSb layer, with a z step size of 0.1 nm. The length of
the profile scan is 8 nm, which fully encompasses more than an
entire InAsSb/InAs period, as the period length is 5.827 nm and
enables further profile analysis to fully model both the InAsSb and
InAs regions. The results of the 31 analyzed periods are shown in
Fig. 5. As seen in these profiles, the peak Sb concentration ranges
from 33% to 45%, which is a 2%-14% deficiency from the targeted
46.7% Sb composition in the InAsSb layer. Further, as seen previ-
ously, the Sb composition does not reach 0% in the InAs film, with a
minimum Sb concentration of 4%-10% Sb being present throughout
the SL structure. Both divergences from the target Sb concentration
Growth Direction observed at minimum and peak values are commonly seen in studies
0 50 100 150 200 250 of mixed group V materials containing Sb."*>" As previously noted,

. the HRXRD data fitting suggests a 46.4% Sb concentration in this

Distance:(m) layer, which is close to the target composition. To determine this

(b) value, the model used to fit the HRXRD data assumes pure InAs and

attributes all Sb to the InAsSb layers. As shown from the APT Sb

FIG. 4. (a) A portion of the ROI with isoconcentration surfaces at 9% Sb with composition profile, the binary analysis required for the HRXRD fit
respect to total concentration values (18% group V only) to identify interfaces does not fully capture the nuances of the Sb profile, accounting for
between InAs and InAsSb layers. Red dots represent individual Sb atoms. (b) the discrepancy in peak concentration values between the two tech-
1D proﬂle of the Sb concentration along the grOWth direction of the SL. x =0 niqueS. More Complex models can be used, whlch Separate the

corresponds to the SL layers closer to the substrate, and x = 250 corresponds period into 5-8 layers with varying Sb concentrations, but unique

to the point at which evaporation initiated (toward the surface of the structure). . . . . .
Multimedia view: hips:doi.org10.1063/1.5143446.1 fits require multiple diffraction spectra over a wider range of angles

than is typically performed.
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To further characterize the Sb concentration, the concatenated
data were fit with a segregation model from Muraki et al,”® which
has been used in the literature for evaluating Sb segregation in SLs
with additional modifications by Wood et al.” The model has two
main segments,

x=x,(1 —R*) +xy for0<z<d,

1)
x=x5(1 —RHRF 4+ x ford<z<P,

where x is the Sb composition at a location z along the growth
direction, x, is the steady-state Sb composition expected if the
layer was allowed to reach Sb saturation, and x, is the background
Sb concentration expected to be present throughout the entire
structure. Note that z = 0 does not correspond to the zero of the x
axis in Fig. 5, which corresponds to the 18% Sb isoconcentration
surfaces. The variable d represents the distance between the
minimum and peak Sb values, corresponding to the time in which
the Sb shutter would be open during growth and P is the SL
period. Finally, R is the segregation probability, defining the frac-
tion of Sb from the topmost unit layer that does not incorporate
and moves to the next unit layer for possible incorporation. In
Muraki’s original formulation, z was in units of monolayers (MLs)
since this is the most relevant unit for describing growth kinetics.
However, the native units in APT are nanometers; therefore, our
analysis will be primarily in these units. For this analysis, the
period was fixed at the value from HRXRD P = 5.827 nm. Since
the growth is controlled by the group III (In) flux, the ratio of the
InAs and InAsSb layer thicknesses will be constant, which fixes d
relative to P. The variables x,, Xy, and R were allowed to fit to the
composition profile, enabling determination of the values that
would best match the background and steady-state Sb concentra-
tions over the range of layers, as well as the most representative seg-
regation probability. The resulting fit with x, = 49.2%, xo = 5.7%,
and R = 0.423 is shown as the red curve in Fig. 5, overlayed on the
Sb concentration profiles.

There are three regions within the fit: (1) an Sb tail from the
previous InAsSb layer, (2) a region of increasing Sb content that
corresponds to d, and (3) a region of decreasing Sb content after
the shutter has been closed. In both regions 1 and 3, the Sb con-
centration approaches the background Sb (xp) value from the fit
within the given InAs layer thickness. However, the InAsSb layers
of region 2 are not thick enough to reach the steady-state x,; value.

The segregation probability, R, in this fit is 42.3%, which indi-
cates the amount of Sb in 1 nm of growth that does not incorporate
into that nm of growth and instead moves to the next nm of
growth as Sb available for incorporation—independent of the type
of the layer being grown. For additional InAsSb growth, it is
added to Sb adatoms present due to the Sb flux, and for InAs
growth, it is a source of Sb that would not otherwise be present.
In order to compare to previous studies of Sb segregation, a vari-
able transformation of z from nm to ML is required, where
Ry = R%/2 and gy is the lattice constant. Using the lattice cons-
tant of GaSb (0.609 59 nm), Ry = 0.769, which is within the
range observed in other work (0.746-0.81).*°

The background Sb concentration within the InAs layer, xo,
is similar to other evaluations of InAs/InAsSb SL structures™ but

ARTICLE scitation.org/journalljap

is high when compared with other mixed anion Sb-containing
growth systems.””*® Comparing the structure evaluated here with
those in the literature shows that the layer thicknesses are dramati-
cally different, which may explain the difference in background Sb.
In this work, the InAs layers must be thin (=4 nm) to facilitate
optical absorption and carrier mobility for high performance but
are not thick enough to allow x, to reach zero (ie., Sb-free InAs)
because the In-Sb bond is much weaker than the In-As bond.”
As a result of the difference in bond strength, Sb will “float” (i.e.,
incorporate less) on the growth surface. Then, during the InAs
layer growth, the excess Sb will slowly incorporate into the film
leaving a large amount of Sb within that layer. In comparison, eval-
uations of GaAsSb quantum dots grown on GaAs have shown a
negligible Sb concentration in the 50 nm GaAs spacer region, an
order of magnitude greater thickness in which surface Sb can incor-
porate.””** The Sb concentration in the InAsSb/InAs SL should
similarly reduce as the InAs layer thickness increases, but it is likely
to require at least 10 nm of total InAs growth to achieve an appre-
ciable reduction in background Sb.”’

Luna et al.’"** devised another commonly used model based
on two dimensional growth dynamics, which results in a sigmoidal
function with an interface width, L, that depends on the growth
rate, material flux, and sticking coefficients. The model has two
separate segments defining the lower and upper interface of a
quantum well (QW),

)
Xss

ZW—FXQ fOI‘ZSO,

x

) )
" xSS f > 0

X =X, — 15 oc—Nw/Ln G NJL +xp ftorz s

where x, z, xp, and x; have the same meaning as in the
Muraki/Wood model, N,, is the half-width of the QW, and L;, is
the interface width of the lower/upper interface. In this model, the
lower and upper interfaces have different steady-state Sb composi-
tions denoted x**. For analyzing this material, 2N,, corresponds
to the thickness of the InAsSb layer and is equal to d from the
Muraki model. Note that z =0 is different from in the Muraki
model and corresponds to the center of the QW, which again does
not correspond to the zero of the x axis in Fig. 5. The variables x"*,
Xo, and Ly, were allowed to fit to the composition profile, resulting
in xis = 34.7%, x;‘S =42.5%, xy=6.4%, L;=0.325nm, and
L, = 0.69 nm as shown by the blue curve in Fig. 5.

The background Sb concentration x is slightly higher than in
the Muraki model but of a similar magnitude. Both of the x
values are lower than the Muraki result, implying that Sb incorpo-
rated into the InAsSb is much closer to the saturation values
expected based on the Sb flux. Additionally, both x,; values are less
than the nominal design value for Sb as well as the value extracted
from XRD. As a result, this fit parameter is questionable. Finally, to
compare the segregation levels from each fit, we can calculate the
segregation lengthzs A= —ay/(2 In Ryy) = 1.16 nm, where aq is
the lattice constant of GaSb. The segregation length from the
Muraki model is significantly larger than both the interface widths
from the sigmoidal fit.
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FIG. 5. 1D composition profiles of Sb across the InAsSb layer. On the x axis,
x = 0 marks the initial InAsSb interface at 18% Sb, x < 0 is the InAs layer
grown before, and x > 0 is the growth of InAsSb followed by the next InAs.
The fit of the concatenated data with Muraki (red) and sigmoidal models (blue)
is shown.

Previous work that used both models showed that the sigmoi-
dal fit was more accurate for the lower interface, while the Muraki
model was a better fit for the upper interface." The same conclu-
sion cannot be made about our data. The difference may be a result
of the larger amount of data being fit here vs previous work in
which a single period of the SL was fit. The sigmoidal relation
more accurately models the minimal intrinsic interface width based
on surface-adatom interactions.” Therefore, this model fits the
initial turn-on of the Sb concentration (—0.75 < x < 0.1) much
better than the Muraki model. However, the sigmoidal model
assumes a structure in which a single QW layer is surrounded by
much thicker spacer/barrier layers, in which the segregating species
would be allowed to fully incorporate before the next QW layer
would be grown, which does not match our structure as discussed
earlier. Furthermore, the separate values of x;; and L for each inter-
face may not be a good model. It is difficult to interpret the meaning
of two different x,; values, for example, since this should correspond
to the Sb flux. For structures in which more elements are varying
across the QW/spacer interface, such as for an InAs/GaSb SL struc-
ture, this model may be more valid since the segregating and steady-
state species are entirely different at the two interfaces. Based on the
comparison of results of the Muraki and sigmoidal fits for the mate-
rial analyzed in this work discussed above, the Muraki model was
determined to be more valid for this structure and was used for
further analysis.

For further understanding of the observed Sb variations in
Figs. 4(b) (Multimedia view) and 5, the Muraki-Wood model was
fit to each period individually, and the values for R, x, and xo
were extracted. Periods 704 and 705 were not fit due to the effect of
the growth interrupt, which nearly eliminated the InAsSb layer in
period 704 and substantially lowered the Sb in the InAs layer
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FIG. 6. The resulting R, Xxss, and xo values from the Muraki-Wood fit of each
period analyzed. Period numbers run from low to high moving away from the
substrate. Note: Periods 704 and 705 were omitted from the analysis due to the
effect of the growth interrupt.

before period 705. The results are shown in Fig. 6. As seen from
the individual fits, each parameter varies from period to period.
What is most telling, however, is whether or not a trend exists
across the analyzed region. For the segregation coefficient, R, the
value is consistent within the given error bars. This even holds true
for the periods nearest the growth interrupt, which have no indica-
tion of being affected by the interrupt. The same trend is seen
for x, where the background Sb concentration stays consistent.
This trend was also observed in the 1D composition profile of the
full structure, as seen in Fig. 4(b) (Multimedia view), corroborating
the data as observed in a separate analysis.

For the x,, values, however, there is an observed shift from the
periods grown first to those grown last as also seen in Fig. 4(b)
(Multimedia view). It has previously been seen in the literature
that, over a range of 80 periods, later periods in SL structures will
have a higher Sb peak concentration than periods that were grown
earlier in the structure.” Such a difference could be attributed to an
increasing buildup of Sb background pressure in the growth
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chamber during the thick absorber growth, leading to more Sb
available for incorporation as the growth progresses. This indicates
that there is an existing population of Sb adatoms migrating with
the growth plane, increasing in population during InAsSb growth,
and failing to incorporate during InAs layer growth due to condi-
tions favoring preservation of the adatom state. Given the error
bars in the determination of x, for each period, only the last four
periods, which were after the growth interrupt, are clearly outside
of the range of the earlier periods. Since this analysis only includes
31 of 734 periods, the apparent trend of increasing Sb may not be
representative of the growth variations throughout the entire SL
growth. To investigate the larger trends, future work will examine
comparably sized regions of the SL taken from the beginning and
middle of the stack.

IV. CONCLUSIONS

The development of high performance Ga-free T2SLs for
MWIR photodetectors relies on a complete understanding of the
band structure of the material. This band structure is a function of
interface quality, including any non-abruptness caused by the
spread of Sb atoms into layers intended to be Sb-free or slow incor-
poration in Sb-containing layers. In this work, we use APT to
harvest 3D compositional data in an MWIR #nBn T2SL photodetec-
tor consisting of 734 periods of alternating InAs and InAsSb, of
which 31 total periods were analyzed. The resulting analysis shows
an asymmetric Sb profile, a non-negligible concentration of Sb in
the InAs layers, and a below-target Sb concentration in the InAsSb
layers. These profiles demonstrate corroboration of a non-binary Sb
profile as observed on similar systems using complementary tech-
niques. The observed Sb concentration profile can be introduced
into bandstructure models enabling a more accurate calculation of
material parameters such as bandgap, conduction/valence band
offsets, and carrier effective masses. Further study would examine
the effect of growth conditions on the Sb incorporation by compar-
ing the concentration profiles within and perpendicular to the
growth plane using APT, as well as examining different regions of
the SL stack to identify possible trends in the Sb concentration as
the growth progresses.
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