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Here a general approach to measure quantitatively with atomic resolution the distribution of a chemical
species in a host matrix is derived and applied to a case study consisting of a layer of Si buried in a GaAs
matrix. Simulations and experiments performed on Si/GaAs superlattices demonstrate a quasilinear depen-
dence of the high-angle annular dark-field image intensity on the concentration of Si in the GaAs matrix. The
results have been compared with those obtained by cross-sectional scanning tunneling microscopy on the same
specimens.
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I. INTRODUCTION

Current efforts to develop nanostructured materials and
devices are stimulating the implementation of experimental
probes of the structure and chemical composition of solids
on the atomic scale. Over the years, transmission electron
microscopysTEMd has widely demonstrated its potential to
study material structures with the highest spatial resolution
available. More recently, the combination of scanning tun-
neling microscopysSTMd and high-angle annular dark-field
imaging sHAADFd has shown promise as an analytical tool
that can provide “chemical” information at atomic
resolution.1

One of the strong advantages of HAADF relative to other
TEM imaging techniques, such as phase-contrast high-
resolution TEMsHRTEMd, is related to the mainly incoher-
ent nature of the image obtained by HAADF. As a result,
HAADF images provide unambiguous information on the
position of the atomic columns in a solid with subangstrom
resolution. In 2002 a resolution of 0.07 nm was demonstrated
in a HAADF image obtained using a scanning TEMsSTEMd
instrument equipped with spherical aberration coefficient
correctors.2 More recently, direct evidence of a resolution of
0.078 nm has been achieved allowing to distinguish the
s444d atomic spacing in Si.3 Furthermore, contrast in the
HAADF image is approximately proportional to the square
of the atomic number of the atomic species contained in the
column and this is why this methodology is also known as
Z-contrast imaging.4 Hence, detailed chemical information
can be directly obtained without the uncertainty related to the
phase problem in HRTEM imaging.5,6 One of the most im-
portant potential applications of high-resolution Z-contrast
imaging7–13 is related to sampling the concentration profile
of a given chemical species in a host. It has been recently
demonstrated that, by choosing the appropriate experimental
conditions, HAADF imaging can be used to probe the Si
distribution in GaAs with atomic resolution from the raw
data, even without any image simulation.1 Quantitative
analysis requires further knowledge to extract the informa-
tion on the atomic concentration from the experimental data.
High-angle annular dark-field image intensity depends with a
power law on the atomic number of the species contained in

the specimen.4 This exponent is slightly dependent on the
atomic species considered and on the shape of the high-
energy electron wave function within the specimen.14 Here, a
general method to calculate the HAADF image intensity for
an alloy is derived and it is applied to measure quantitatively
at atomic resolution the distribution of chemical species in a
host matrix. Experiments performed on Si/GaAss001d su-
perlattices demonstrate a quasilinear dependence of the high-
angle annular dark-field image intensity on the concentration
of the Si in the GaAs matrix. Such test structures were se-
lected because the expected Si distribution in Sid-doped
layers in GaAs and Si-GaAs superlattices is sharp enough to
test the spatial resolution of our method and can be charac-
terized, for comparison, also by cross-sectional scanning tun-
neling microscopysXSTMd.

II. EXPERIMENT

Samples on GaAss001d wafers were grown by solid-
source molecular beam epitaxysMBEd. A total of ten Si lay-
ers were fabricated at 580 °C interrupting the growth of the
GaAs host crystal by closing the Ga shutter, opening the
Si shutter, and leaving the As shutter open. Nominal
Si layer thickness was 1 monolayersML d, with 1 ML=6
31014 atoms cm−2. The spacing between the Si layers was
50 nm. A 200-nm-thickn-GaAs layer was grown to cap the
structure. The GaAs between the layers and up to 10 nm
above and below the superlattice was undoped. The buffer
layer below the stack and the cap layer above weren-doped
s1.631017 Si donors cm−3d.

HAADF STEM experiments were performed on TEM
specimens prepared ins110d cross-section geometry follow-
ing a well-established procedure previously reported.1 Spe-
cial care was devoted to obtaining TEM specimens with
clean and smooth free surfaces necessary for HAADF ex-
periments. Just prior to inserting the specimen and the speci-
men holder in the TEM vacuum they were cleaned in high
frequency low-energy plasma of argon and oxygen to re-
move the hydrocarbon contamination from the surfaces.
TEM experiments were performed at room temperature us-
ing a Jeol 2010F UHR TEM/STEM electron microscope,
with field-emission gun, operating at 200 kVsl
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=0.0025 nmd, with a measured spherical aberration coeffi-
cient Cs of 0.47±0.01 mm and relevant interpretable resolu-
tion limit in phase contrast HRTEM of 0.19 nm.15 The
STEM attachment is equipped with a bright-field detector
and a HAADF detector for high-resolution Z-contrast imag-
ing. The theoretical resolution achievable in atomic resolu-
tion Z-contrast mode with the available electron optics is
0.126 nmssee belowd. Micrographs were acquired digitally
in both phase contrast HRTEM and Z-contrast mode in
STEM. Special care was used to measure the gain and the
dark current of the HAADF detector because this step is
necessary to quantify the analytical information contained in
the contrast of the relevant images.

III. HAADF IMAGE FORMATION AND ITS DEPENDENCE
ON THE SPECIMEN ATOMIC NUMBER

The crystal studied in atomic resolution transmission elec-
tron microscopy are considered to be oriented along well-
defined directions in which the electron wave can propagate
along well defined columns of atoms. In some cases, the
features of the experimental image reproduce the position of
the atomic columns in the crystal. This is the case when
HAADF image are formed in the electron microscope. At the
electron energies used in these experimentssof typically
200–300 keVd the scattering of an electron is not signifi-
cantly dependent on the variation of the crystal potential in
the direction along the columns and the wave function de-
scribing an electron in the crystal can be expressed in terms
of the eigenstates of a two-dimensional form of the Schro-
edinger’s equation.16 The potential function is that for the
projected structure in the plane perpendicular to the zone
axis considered for the TEM/STEM experiment. In analogies
with the eigenstates of atoms, the eigenstates for atomic col-
umns have similar nomenclatures, p, d, etc. Some of the
eigenstates have significant amplitude only close to the
atomic column and can be expressed in terms of an eigen-
state of an isolated column. An electron incident on the crys-
tal usually excites several eigenstates. In the case of a small
probe focused on an atomic column mainly the eigenstates
peaked at the columns are excited. In particular, in this case,
it is the lowest energy eigenstate 1s which determines the
main feature of the wave emerging from the backface of the
crystal and it is at the origin of the so-calleds-state approxi-
mation used in the description of the features of HAADF
image.14,17 This approach shows its limit in cases when the
atomic columns in the considered projection are spaced less
than 0.09 nm or when the TEM/STEM specimen is so thick
that the contribution of other Bloch states cannot be
neglected.17 The experiment performed in this work are re-
alized to satisfy to large extent the 1s approximation. The 1s
columnar Bloch states are ideal as object function if the aim
is to solve the position of the atomic columns as they are the
less dispersed around the positions of the atomic columns
with a full width at half maximumsFWHMd, for example, of
only 0.06–0.08 nm in the case of GaAs.18 The combined
effect of the use of an annular STEM detector with a collec-
tion angle larger than 80 mrad and thermal diffuse scattering,
relevant at high scattering angle,19 produces an image in

which the main contribution is given by the 1s columnar
states.20

The intensity in a HAADF image is given byIsrd
=Osrd*P2srd, whereOsrd is the object function andP2srd is
the resolution function.21 Hence, in an atomic resolution
Z-contrast STEM experiment the resolution achievable is
due to the size of the object function,Osrd, convoluted with
the resolution function,P2srd, where the latter is the size of
the electron beam scanned on the specimen.22 The use of a
field emission gun allows one to obtain small and highly
coherent probes. The size of the smallest electron beam
achievable in a STEM is given by 0.43Cs

1/4l3/4,23 whereCs
is the spherical aberration coefficient of the objective lens
andl is the electron wavelength. Hence, in the present case,
the used electron optical conditions give a probe size of
0.126 nm, well below the spacing of 0.28 nm of two con-
secutive GaAs dumbbells atoms in thes110d projection. Fur-
thermore, the intensity in a HAADF image is strongly depen-
dent on the atomic number of the chemical species in the
atomic columns. In fact, the object function convoluted with
the annular detector is given approximately by24

OsRd = b2V2sRd,

whereb is the interaction constantm/h2, m is the relativistic
mass of the electron, andVsRd is the projected potential.25

Hence, for high scattering angles and thin specimens, the
intensity of the spots in the images corresponds to the square
of the projected crystal potential of the chemical species in-
side atomic column. Furthermore, in the 1s approximation
the HAADF image intensity, as integrated on the whole large
angle detector, is proportional toZ2 whereZ is the related to
the atomic number of the atomic column. An accurate calcu-
lation of the Bloch states intensity in the framework of a
purely dynamical theory shows that the quadratic depen-
dence ofZ is a good approximation,14 even if, for quantita-
tive results, the value of the exponent should be accurately
calculated in order to avoid error in the measurement. Fur-
thermore, a correction for the shape of the high-energy elec-
tron wave function in the specimen has to be applied. In fact,
the cross sections for each individual element of the atomic
column is given bys=csZ,«dZasZd where “c” is a coefficient
of proportionality,Z is the atomic number, and« is the en-
ergy of the primary electron beam. It is worthwhile to remark
that, whenever the image intensity is used to derive the
chemical content, the role of the strain on the image contrast
has to be considered and, in particular, eventual artifacts re-
lated to the elastic relaxation occurring in the thin TEM
specimen obtained from strained heterostructures.26,27In par-
ticular for the application shown in paragraph V a structure
model consisting of a substrate of a puresnot alloyedd mate-
rial and an epitaxial phase pseudomorphically grown is con-
sidered. As the epitaxial layer has a lattice parameter differ-
ent from the substrate a complex distortion of its crystal cell
occurs. As reported by Treacyet al.,28 a collection angle
higher than 80 mrad allows acquisition of mainly incoherent
electrons in the HAADF image and, in our case, eliminates
contributions to the image contrast due to strain at the Si-
GaAs interface, where the high mismatch between the Si and
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GaAs lattice parameters is expected to yield diffraction
effects.29 Nevertheless, for quantification, the lattice cell vol-
ume variation due to strain was considered in the simulation
of the HAADF image intensities. Figure 1 shows the effect
of the tetragonal distortion on the HAADF intensity. In the
figure the intensity of the relevant HAADF images have been
calculated as will be discussed in details below. As can be
seen the tetragonal distortion can produce, in the worst case,
an error in the intensity measurement of 6%.

Special care during implementation of the experimental
setup has to be devoted to use of precise zone axis condition
as a small tilt could produce a variation in the intensity of the
image of the atomic column, even if do not change their
positions in the HAADF image.30 The use of the large angle
convergent beam electron diffraction symmetries, as applied
in this work, allows precise orientation of the crystal in the
required zone axis.31

IV. HAADF IMAGE INTENSITY CALCULATION
FOR RANDOM ALLOYS

To quantify the analytical content of a HAADF image it is
necessary to simulate its intensities defining in a proper way
the model structure.32 As will be shown below, the HAADF
image intensity calculation of an alloy depends on how the
partial occupation of a species in the alloy is considered. The
multislice approach is well known in the electron micros-
copy to be very versatile to handle complicated specimen
structures.33 In particular, the use of routines based on mul-
tislice method in the frozen phonon approximation has been
recognized to give the most physical description of the elec-
tron probe-specimen interaction for HAADF experiments
even if at the cost of very time-consuming calculations.34

Here this approach will be used to calculate the HAADF
image intensity as a function of the concentration of guest
species in a host matrix.

In order to give a general account for the HAADF inten-
sity dependence on single species molar fraction in an alloy

two important points are to be clarified in this section regard-
ing simulations and parametrization of simulation results.

First of all, it is necessary to clarify whether the so-called
partial occupation procedure can be applied to HAADF
simulations; the second point is related to the parametric
expression describing the dependence of the intensity on mo-
lar fraction of species. The partial occupation concept is
largely used in simulating an alloy in HRTEM images with
reliable results.35,36 In fact, in the simulation it is possible to
account for a partial substitution of a species with another, as
in a solid alloy, by simply considering a partial occupation
coefficient x. This is also known in solid-state physics as
“virtual crystal approximation.”37 The potential in each point
becomes therefore simply a weighted linear combination of
the potential of each species

V = x1V1sr̄d + x2Vsr̄d + … = o
i=species

xiVisr̄d.

The virtual crystal approximation can be applied in this
scheme for conventional simulation of HRTEM results and
indeed it is largely applied producing reliable results.15 The
same kind of approach can yield formation of artefacts in
simulated HAADF images due to the incoherent nature of
the HAADF image. In fact, while the electron probe is
propagating along the crystal column, it interacts with the
potential of each atom and the results are influenced by the
shape of such potential. To take into account the interaction
with phonons along the direction of propagation, the atoms
are displaced from their rest position and the final results are
given by considering an appropriate configuration of atoms
to reproduce the effect of the scattering with a phonon. This
is at the origin of the so-called frozen-phonon
approximation.5 The approach works very well if in a certain
position there is one atom but could fail if the position is
occupied byxA% of the potential of atomA ands1−xAd% of
the potential of atomB. In the random displacement of the
two partial atoms the movement can be in the same direction
or, more likely, in a different direction producing largely dif-
ferent results. Figure 2 shows the potential grid due to a

FIG. 1. sColor onlined HAADF image intensity simulated in
case of undistorted cell and in case of the tetragonal distortion pro-
duced by the lattice mismatch induced by the GasSidAs alloy on
GaAs. The TEM specimen thickness is of 10 nm.

FIG. 2. Section of the potential grid used for simulating
HAADF image in f110g zone axis of an alloy of GasSidAs. The
appearance of doubling in the potential is due to the application of
the frozen phonon approximation in presence of an alloy described
by partial occupation procedure.
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partial occupation of Si on Ga sites in GaAs projected along
the f110g zone axis and used in the simulation performed by
using a program based on the routines of Kirkland.34 This
routines fully accounts for the thermal diffuse scattering
making use of the “frozen phonon” approximation. In this
scheme the position of the atoms are randomly displaced
from their rest position to account for thermal oscillation as
described above. For each displacement configuration a con-
ventional multislice calculation is performed. The doubling
of several of the projected potential in Fig. 2 is an artifact
due to considering the partial occupation in describing the
alloy.

A possible solution to this inconvenient could be to dis-
place both the weighted potentials in the same direction with
a proper, not obvious, Debye-Waller factor or to consider the
different configuration obtainable and to average on the all
relevant results. This latter choice will be used here for the
reason explained in the following. It is worthwhile to remark
that this effect is not simply an error due to a wrong approxi-
mation, but depends on the incoherent nature of the HAADF
image contrast formation. As a consequence, a dependence
of the atoms configuration in the atomic column could pro-
duce different HAADF image intensity. In fact, if theA-B
alloy is considered, within the limit of validity of the equa-
tion Isrd=Osrd*P2srd, the incoherent contribution of a single
atom in the column is weighted by the value of the resolution
function P2 at the atom position. Due to the channelling dy-
namical effectsP2, or better the density of the electron cur-
rent in the specimen “J,” shows a quite oscillating behavior.
As a consequence, a different arrangement of theA and B
atoms along a column could produce different intensity in
the relevant HAADF image. This implies that no general
statement can be made for a random alloy as long as the
column configuration is not specified: this could produce a
limitation in the direct interpretability of a column by col-
umn quantification in HAADF. For each column an error bar
as large as the spread due to different configuration should be
added. The quantitative evaluation of the effect of different
configuration of the atoms in the column is reported in Fig. 3
where the results of simulations for a thickness of 10 nm in

which different Si distributions are considered. The points
indicate the case of random Si occupation of Ga sites, the
squares indicate the case in which the same amount of Si is
over both Ga and As sites, forming Si-Si complexes. It can
be seen that the image intensity integrated over the total area
of the cell is not so sensitive to the change of position of the
silicon between the two columns in the dumbbell.

On the contrary, the in-depth configuration can potentially
have a large effect, as demonstrated by the position of the
triangles in Fig. 3: these indicate the result of simulation for
the special configuration with all Si atomssin this case 7d
located at the beginning or the end of the atomic column.

The average of different configurations is expected to give
more reliable results within the error bars reported in Fig. 3.
This error bars is the standard deviation and represents in the
worst case an error of about 2%. Furthermore, an average
along the interface direction would further reduce the error
on the experimental measurement. The analysis that follows
will be therefore concentrated on the intensity deriving:

Ĩ =

o
i=config

I i

Nconfig
.

The second step to be considered is the interpolating expres-
sion to be used to derive the specimen composition from the
intensity in HAADF. Considering an alloy of two speciesA
andB with atomic numberZA andZB and partial occupation
xA and xB sthe conditionxA=1−xB is consideredd no fixed
rule exists for the HAADF image intensity interpolation for
the relevant alloys; nevertheless some power lawlike interpo-
lation expressions can be attempted as38

I = msZAxA + ZBxBda s1ad

or

I = mAsZAxAda + mBsZBxBda s1bd

or

I = mAxAsZAda + mBxBsZBda s1cd

and in principle many other interpolation are possible, but
actually some constrains exist. The natural requirement is
that for xA=1 sxB=0d and xB=1 sxA=0d the correct depen-
denciesZa are recovered. Furthermore, ifZA=ZB the inten-
sity must be independent ofx. This is a natural requirement
since for a fictitious substitution of a species with itself no
change in intensity must appear. It is easy to see that, for
example, Eq.s1bd does not fulfill this requirement while the
other two do. As described above the intensity considered to
calculate the HAADF image is given by

Ĩ =

o
i=config

I i

Nconfig
. s2d

As I =eOsr̄ ,zd ^ Jsr̄ p,zddz and O<oi=atomssidsr −r i ,z−zid,39

it follows that:

FIG. 3. sColor onlined Intensity in the HAADF image as a func-
tion of the atomic arrangements in the column.
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Ĩ =

o
i=config

I i

Nconfig

=

o
i=config

H o
j=atomsA

fsAJisr j,zjdg + o
j=atomsB

fsBJisr j,zjdgJ
Nconfig

s3d

the subscript “i” in Ji indicates that the current density within
the specimen in general depends on the atomic configuration
of the relevant column. In particular it can be assumed thatJ,
for a givenz coordinate, depends on the average composition
before it. As a first approximation it will be assumed that ‘J’
is a function of the sole average compositionxA andxB. This
is an acceptable approximation, for what is discussed above,
for quite uniform configurations while strong deviation are
expected in the less likely configurations where atoms of the
same kind are cumulating at one end of a column.

In this approximation the intensity can be rewritten using
an averageJ=Jsr ,z, x̃A, x̃Bd. If then the sum is transformed in
a sum on atomic sites

Ĩ =

o
i=config

I i

Nconfig
= o

j=sites
bS o

i=config
xijAsA

Nconfig

+

o
i=config

xijBsB

Nconfig

DJsr j,zj,x̃A,x̃Bdc
= sx̃AsA + x̃BsBd o

j=sites
fJsr j,zj,x̃A,x̃Bdg, s4d

where the sitesj has an occupancyxijA andxijB equal to 0 or
1 depending on which species is assumed to sit there in the
ith configuration.

It is easy to see that, if the sumo j=sitesfJsr j ,zj , x̃A, x̃Bdg
were independent ofx, a simple linear relationship could be
used for extrapolating the intensity for an alloy. The depen-

dence ofP2 on x, however, adds some degree of nonlinearity
depending on the total specimen thickness. It should be a
good parameterization therefore to write

Ĩ = sx̃AsA + x̃BsBdmsrp,t,xA,xBd

= msrp,t,xA,xBdsm0Ax̃AZA
aA + m0Bx̃BZB

aBd. s5d

Furthermore, if for example the intensity is not only consid-
ered on the maximum but it is averaged over a suitable area
around the maximum for quantification then Eq.s5d can be
further rewritten as

Ĩ = FE msrp,t,xA,xBddrpGsx̃AsA + x̃BsBd

= Mst,xA,xBdsx̃AsA + x̃BsBd.

In fact, the simulation performed in the case of Si/GaAs in
Fig. 1 or 3 shows how a quasilinear dependence of the
HAADF image intensity on the Si content is obtained. This
means that the dependence ofMst ,xA,xBd over xA andxB is
small and in this case the contrast is independent on the TEM
specimen thickness. This behavior is not true in general but
should be considered case by case. Figure 4 shows the results
of the simulations for a GaAs with partial substitution of Si
on the Ga site. The intensity averaged in a unit cell is plotted
against Si composition for different values of the thickness.

In the simulation the SixGa1−xAs cell has been tetragonal
distorted to satisfy the epitaxial match to GaAs. It is clear
from Fig. 4 that for increasing thickness the intensity of both
GaAs and SiAs extremes is increased and, hence, it can be
defined the maximum contrast

C100%=
IGaAs− ISiAs

IGaAs
.

C100% is little varying with thickness as varies between 0.30
and 0.26 for increasing thickness from 10 to 40 nm. To a first
approximation it can be assumed it is constant with an abso-

FIG. 4. sColor onlined Intensity in the HAADF image as a func-
tion of the Si content and of the specimen thickness.

FIG. 5. Low magnification HAADF image of the Si/GaAs su-
perlattice. The lower atomic number in the Si-rich region with re-
spect to the GaAs gives rise to the ten sharp darker lines in the
micrograph.
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lute error of about 0.02, namelyC100%=0.28±0.02, this error
can be larger for larger or lower thickness but it is a good
reference as experimentally it is easy to perform an experi-
ment for a thickness within the considered range. It is worth-
while to remark how the value of 28% is very close to the
ratio of the cross sectionsssGaAs−sSiAsd /sGaAs=32%.

This assumption, however, permits to estimate the com-
position by simply using

x =
Cmeasured

C100%
,

where Cmeasured is the experimental contrast defined as
sIGaAs− ISiGaAsd / IGaAs.

V. MEASUREMENT OF Si PROFILE IN GaAs MATRIX

Figure 5 is a low magnification HAADF image inf110g
zone axis of the epilayer. The collection angle was 84ø2u
ø224 mrad as in all the HAADF images here reported. Due
to the lower atomic number of Si relative to GaAs, the ten Si
layers give rise to the sharp dark lines spaced, as expected,
by 50 nm of GaAs.

Figure 6sad shows a high magnification atomic resolution
HAADF image of one of the Si-rich layer. It is worthwhile
noting how the image contrast, away from the Si-rich region,
is homogeneous thus providing evidence for atomically flat
specimen surfaces necessaries for a reliable contrast quanti-

FIG. 6. sad experimental HAADF image in
f110g zone axis of one of the Si-rich region of
Fig. 5. sbd Intensity profile across the Si rich re-
gion shown insad.
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fication. A careful inspection of the elongated white dots in
Fig. 6sad allows one to distinguish the cation-anion columns
seen projected onto thes110d plane and spaced by 0.14 nm.
In Fig. 6sbd the experimental image intensity in Fig. 6sad is
plotted as a function of the distance from the interface. The
higher peaks, 1.5 nm away from the minimum in the inten-
sity profile, reflect the higher atomic number of the III–V
species. The intensity decrease observed in going from the
GaAs region toward the metallurgical Si-GaAs interface is
due to the presence of Si in the atomic columns.

As the total area around the dumbbells is needed for com-
parison to simulations, the profile has been integrated obtain-
ing a single point per dumbbell. In this averaging process we
loose the initial resolution of Fig. 6sad. In fact, the distance
between two consecutive peaks in Fig. 6sbd is 0.28 nm, in
agreement with the expected cation or anion spacing in the
bulk along thef001g direction. Hence, the detector back-
ground has been subtracted and the intensity value has been
normalized to the GaAs regions on both sides of the dark
Si-rich region. Applying the above-derived expressionx
=Cmeasured/C100%, the Si distribution was obtained and it is
shown in Fig. 7 by the dark-gray bars. The Si distribution has

been compared with the concentration obtained by XSTM
and reported in Fig. 6 as light-gray bars. The methods used
for the sample preparation, the image acquisition and the
determination of the concentration profile from the XSTM
data have been described in Refs. 1 and 40. The spacing
between the XSTM data is twice that between the HAADF
data because the spacing of the topmost Ga-As chains on the
s110d surface, the atoms that can be sampled by XSTM, is
0.56 nm in thef001g direction.

VI. CONCLUSIONS

It has been shown how HAADF experiments can be used
to measure at atomic resolution the chemical profile of a
species in a host matrix. In order to establish a reliable quan-
tification method some fundamental aspects of HAADF im-
age formation of crystalline material have been investigated.
The method has been applied to Si/GaAs superlattices dem-
onstrating a quasilinear dependence of the high-angle annu-
lar dark-field image intensity on the concentration of Si in
the GaAs matrix. Our results caution the readers about the
artifacts that can be introduced in simulating HAADF results
using virtual crystal approximation coupled with frozen pho-
non approximation. It has been measured the non-negligible
influence of the atomic configuration within each atomic col-
umn on the relevant intensity of the HAADF image. This
result marks how sensitive can be HAADF experiment in the
study of special configuration as in the case of cluster forma-
tion. Furthermore, the sources of errors in the concentration
measurement have been analyzed and their influence quanti-
fied together with the role of hydrostatic strain on HAADF
image intensity.

As a result, the method allows us to quantify the Si con-
tent within the GaAs matrix with an error of ±2% demon-
strating that Z-contrast imaging is an excellent tool to probe
not only the structure but also the chemistry of solids at
atomic resolution.
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